
sustainability

Article

Common Factors of Stress Change under the First COVID-19
Outbreak as Observed in Four Global Cities

Misato Uehara 1,* , Makoto Fujii 2, Kazuki Kobayashi 3, Yasuto Hayashi 4 and Yuki Arai 1

����������
�������

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

Kobayashi, K.; Hayashi, Y.; Arai, Y.

Common Factors of Stress Change

under the First COVID-19 Outbreak

as Observed in Four Global Cities.

Sustainability 2021, 13, 5996.

https://doi.org/10.3390/su13115996

Academic Editors:

Emanuele Cannizzaro,

Tiziana Ramaci,

Massimiliano Barattucci and

Fulvio Plescia

Received: 23 April 2021

Accepted: 21 May 2021

Published: 26 May 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, Nagano 399-4598, Japan;
yukiarai@shinshu-u.ac.jp

2 Tonich Engineering Consultant, Osaka 530-0028, Japan; M_Fujii@tonichi-c.co.jp
3 Research Center for Social Systems, Nagano Campus, Shinshu University, Nagano 380-8553, Japan;

kby@shinshu-u.ac.jp
4 Research Center for Social Systems, Matsumoto Campus, Shinshu University, Matsumoto 390-8621, Japan;

yhayashi@shinshu-u.ac.jp
* Correspondence: ueharam@shinshu-u.ac.jp; Tel.: +81-26-5771-501

Abstract: Research focusing on stress change comparing before and after being affected by the first
COVID-19 outbreak is still limited. This study examined the model between the stress changes during
the first COVID-19 outbreak and social attributes (age, sex, occupation, etc.) among residents of four
cities around the globe. We obtained 741 valid responses from the residents of London (11.5%), New
York (13.8%), Amsterdam (11.7%), and Tokyo (53.4%), through a web-based questionnaire survey
conducted in collaboration with a private research firm. We identified 16 statistically significant
variables out of 36 explanatory variables, which explained a significant stress change compared to the
pre-outbreak period. This result showed that whether living alone or not and the number of times
going out for walk or jogging during the first COVID-19 outbreak were the explanatory variables
with higher significance for the reduced stress. In addition, those who lived in a place different from
their hometowns, who were dissatisfied with their work or their family relationships were more
stressed, with statistically significant differences.

Keywords: SARS-CoV-2; resilience; walking; activity-range; urban; multivariate analysis; hometown;
social relationships; outing frequency

1. Introduction

As of 11 March 2021, a total of 118 million people were confirmed to be infected by
the novel coronavirus disease COVID-19, and 2.6 million deaths were reported globally.
The death toll in the four target cities was as follows: 1497 people in Tokyo [1], 48,092
in New York [2], 694 people in Amsterdam [3], and 84,935 people in London [4]. Kissler
et al. indicated that the prolonged or intermittent social distancing may continue to be
necessary into 2022; they also mentioned that SARS-CoV-2 outbreaks may resurge as late
as 2024 [5]. While attention has been paid to the people who become infected or lost
their lives due to COVID-19, however, we would like to emphasize that a much larger
number of non-infected people are also experiencing serious impacts due to increasing
stress levels under the effects of lockdowns, self-restraint practices and various societal
changes. For instance, social distancing, which is considered necessary to reduce the spread
of COVID-19, can make people feel isolated and lonely, leading to an increase of stress and
anxiety [6]. Further, movement restrictions aimed to prevent the spread of the COVID-19
can make violence at homes more frequent or severe [7]. It is therefore important to explore
common factors that alleviate stresses under the pandemic, particularly in cities, with
larger populations and higher population densities. Such studies could play an important
role in coping not only with the prolonged COVID-19 outbreaks, but also with possible
new viral outbreaks in the future.
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When we were preparing for our survey, we recognized that existing research on
COVID-19 outbreak and stress caused by various restrictions have mainly targeted Chinese
citizens, particularly healthcare workers and patients [8–11], or university students [12,13].
Thus, we suspect that the findings from the early studies have been biased toward the cases
in China. The majority of the studies on individuals under COVID-19 has been related to
sensitivity prevention [14,15] and stress observed in different workplaces or occupations
(medical institutions of educational settings) [16–20]. Other scholars have also examined
stress levels in remote working environments [21,22]. During the phase of data collection
and analyses, stresses caused by COVID-19 with particular focus on a number of specific
groups or social attributes were reported, such as healthcare workers [23–29], adults taking
care of children [30–32], pregnant women [33,34], university students [35], elderly [36],
scientists [37], people with illnesses [38–41], and civil servants [41,42]. Though researchers
have also studied the stress levels of medical professionals, an analysis of stress changes
that compared before and during the COVID-19 outbreak with diverse groups of people
has been very limited, to the best of our knowledge.

The limited studies on stress in the general population [43–50], rather than in individ-
ual populations, have indicated that women and socially isolated people were experiencing
more stress during the first outbreak due to COVID-19. Therefore, we assume that there
are two major knowledge gaps in the studies described above: (1) studies on stress of a
single or a particular group of people only represent a small part of the society, and (2) the
studies did not investigate the stress changes compared to the period prior to the outbreak,
the influence of people already receiving stress before the COVID-19 outbreak cannot be
excluded. Although a few studies have compared the stress before and during the first
outbreak of COVID-19, such studies are only targeting a particular group of people [51,52].
There is one study that analyzed stress changes in the general society, however, it compared
the situation during the initial lockdown and the situation after it [53]. Therefore, it is im-
portant to comprehensively analyze the relationship between the stress change compared
to before the outbreak and the age, occupation, range of activities, place of residence, and
community of people with various other attributes.

Uehara et al. have already reported the first model analysis of stress change caused
by the COVID-19 outbreak in the general population in major Japanese cities and a rural
area [46]. In this study, we examined the relationships between the stress change due to
the first COVID-19 outbreak in 2020 and social attributes (age, sex, occupation, etc.) among
urban residents of four global cities (Tokyo, New York, Amsterdam, and London; Figure 1).
The four cities were selected as the target for this study: London from the major European
cities, New York from the American continent, Tokyo from Asia, and finally Amsterdam,
which developed in a different path from the Roman style city planning.
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2. Materials and Methods
2.1. Design and Participants

In the previous article, we analyzed a model of stress change caused by the first
COVID-19 outbreak in three regions of Japan, with the data from residents in large cities
(Tokyo and Osaka) and a rural area (Nagano Prefecture) [46]. In this article, we have put a
strong emphasis on world’s large-scale urban areas where the issue of stress is even more
serious. This enabled us to reveal the common factors that can reduce stress and improve
the quality of life under the COVID-19 pandemic.

Our research question is as follows: what are the important factors that affect stress
changes under the COVID-19 pandemic in the world’s highly populated urban areas?
Under this research question, we hypothesized that the following three factors have signifi-
cant impacts on the stress change in urban areas: (1) relationships with family members
and local communities (as we observed in Japan in the previous article), (2) the number of
COVID-19 infected individuals and seriousness of the outbreak (i.e., New York City), and
(3) income levels and economic vulnerability.

As the sampling targets, we selected the residents of Tokyo, New York, Amsterdam,
and London. Table 1 presents the basic information, including population density, first
outbreak (request for ‘self-restraint’ for Tokyo, and ‘lockdown’ for the other three cities)
period, and some of the examples of major restrictions imposed on the citizens of the four
target cities. The population of Tokyo appeared to be the largest among the four cities.
While New York had the highest population density, that of Amsterdam marked the lowest
(one-third of New York’s). The duration of the initial outbreak period was the longest in
London and the shortest in Tokyo. The citizens of Tokyo only experienced a “request”
from the government, while the people in the other three cities were under strict “control.”
(Table 1).

We planned to conduct a web-based questionnaire survey through a private company
called Asmark Inc., by continuing to request respondents from the four target cities until
the responses reach a total of 300 from each city. However, due to differences in the cost per
respondent, we eventually obtained responses from many people in Tokyo, while the other
three cities received around 100 responses. Asmark Inc. has 16 million registered users
and provides support to deliver questionnaire surveys in accordance with the international
standard JIS Y20252 (ISO 20252). In June 2020, we obtained 435 answers from Tokyo.
In July 2020, a total of 367 people mainly from the three global cities (i.e., New York,
Amsterdam, and London, including 71 respondents from other cities) answered the web
survey questionnaire, and thus we obtained 802 samples in total. We excluded incomplete
answers and the responses that had same values for all items related to the objective variable
of stress change, which yielded a valid response rate of 92.4% (741 respondents). The
sample size for this survey was larger than 10 times of the total number of the 62 questions
(consisting of the questions for the objective variable, stress change, vigor, and health
related issues [mean value] = 26, and that of the explanatory variables = 36). In order to
conduct an exploratory research, we used as many variables as possible, and narrowed
down to identify the significant variables.

2.2. Ethical Considerations

This study obtained an official approval from the Institutional Review Board of the
Faculty of Economics and Law of Shinshu University on 10 June 2020. At the beginning of
the questionnaire, the respondents were asked to click on the consent button, if they agree
to participate in the survey and if they approve publication of the survey results. In case
the respondents did not agree or wished not to continue the survey, they could always quit
the survey.
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Table 1. Basic information of the four target cities.

Total Area (km2) Total Population
[54] Population Density (P/km2) Period of First Lockdown

(Self-Restraint)

Examples of Restrictions During the Period of
First Lockdown

(Self-Restraint) in 2020

Amster-dam 219 820,654 3506 23 March–11 May 2020

• May leave house only when necessary for work, buy groceries,
or to take care of others

• No groups of more than three people in public
• “Contact professions” (e.g., hairdressers, nail studios) and

physiotherapists are closed
• Always keep a distance from other people (at least 1.5 m)

[55]

London 1569 9,304,016 5199 26 March–4 July 2020

• May leave home only when necessary (e.g., food shopping,
medical needs, and travelling for work)

• No gatherings of more than two people in public
• Business except for essential businesses (e.g., supermarkets,

banks, post offices, laundries, pharmacies) are closed
• Shops selling food or drink (e.g., cafes, restaurants, bars)

are closed
[56–58]

Tokyo 2194 13,960,236 6363 7 April–25 May 2020
(Self-restraint)

• Refrain from going out
• Limit grocery shopping to once every three days

• Places with high risks of transmission (e.g., karaoke parlors,
live music venues, gyms) are closed

• Teleworking, staggering work hours, reducing the number of
staff at workplace are recommended

• Avoid the 3 Cs (closed spaces, crowded places, and
conversations in close proximity)

[59,60]

New York 1214 8,537,673 10,815 22 March–15 May 2020

• All non-essential workers must stay home (essential workers
include healthcare workers, transit employees, childcare

providers, food delivery workers)
• Public gatherings of any size are banned

• All non-essential businesses (e.g., theatres, gyms, night clubs)
are closed

• Restaurants are limited to serving take-out and delivery orders
[61–63]
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2.3. Definition of Variables
2.3.1. Explanatory Variables

A web-based questionnaire consisting of the following components (36 explanatory
variables) was developed: relationships with family and neighbors (availability of support
in case they faced difficulties, frequency of conversations); satisfaction with work and
family life; most restricted public facilities and private facilities; changes of daily activities
compared to the situation before the COVID-19 outbreak; daily activities under the COVID-
19 outbreak (times/week); whether the respondent (and family) had done any walking or
jogging during first outbreak; habits of walking/jogging outdoors; sex, age, and number of
family members, environment where the respondent grew up; type of house which the
respondent lived the longest during childhood; type of current residence; number of years
living in the current residence; history of moving; occupation; income status compared to
the situation before the first outbreak; and ownership of a private car.

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

The stress change comparing before and during the COVID-19 outbreak was the ob-
jective variable, which was assessed based on the general stress assessment questions used
in Japan. The abovementioned original set of questions had 57 items for checking stress,
which were divided into working stress, stress response, and stress-mitigating factors. In
this study, we particularly focused on the two factors of the original questionnaire, which
were stress response and stress-mitigating factors. The Cronbach’s alpha (the reliability
coefficient) of the original questionnaire of the Ministry of Health, Labour and Welfare of
Japan is reported to be >0.8.

Questions related to stress, vigor, and health were developed based on the Job Stress
Questionnaire of the Japanese Ministry of Health, Labour and Welfare Stress Check in 2015.
This questionnaire includes questions on work-related stress. For this article, questions on
stress change compared to the situation before the outbreak were prepared by referring to
the questions used for general stress assessment. This is a simple clinical tool for analyzing
subjective anxiety. Our questionnaire comprised of 26 questions in total, scored on a
five-point Likert scale to assess the status. Our modified five-point scale was as follows:
1 = much less than before; 2 = less than before; 3 = no difference; 4 = more than before;
and 5 = much more than before (Appendix A). Questions 1–3 were indicators for vigor,
Questions 4–18 were indicators for stress, and Questions 18–26 were indicators for health.
A higher mean score for vigor indicates a more positive mental state. In contrast, higher
mean scores of stress and health related issues indicate higher levels of stress and poor
health, respectively. A score > 3 indicates an increase in the value from the situation before
the COVID-19 outbreak, whereas a score ≤ 3 indicates a decrease from the pre-outbreak
period. Since the scores for stress change was used as the objective variable in this analysis,
the scores for health-related issues and vigor were considered collinear if they strongly
correlated with the stress scores, and in that case could not be used as objective variables.
The Cronbach’s alpha of our questionnaire was 0.95, while McDonald’s Omega Index
of this questionnaire was 0.97. A study on a questionnaire for measuring health-related
quality of life concluded that the Cronbach’s alpha and the McDonald’s Omega Index
of 0.93 had a good reliability [64]; this result supports the relevance of our questionnaire.

Figure 2 shows the transition of newly infected COVID-19 cases (per 100,000 people)
at the early stages of the outbreak in four countries where the four target cities are located.
This figure indicates that our web survey was conducted at the same time when the drastic
increase of new infection was alleviated, except for the United States. The first outbreak
(request for ‘self-restraint’ in Tokyo, and ‘lockdown’ for the other three cities) period for
each was as follows; 7 April–25 May 2020 for Tokyo, 22 March–15 May 2020 for New York,
23 March–11 May 2020 for Amsterdam, and 26 March–4 July 2020 for London). We assumed
that the respondents would consider the period from autumn 2019 to January, February,
and early March 2020 as the pre-outbreak period when answering the questionnaire.
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2.4. Statistical Analysis

This study was implemented in three steps to explore the relationships between
stress change and the 36 explanatory variables: (1) correlation analysis, (2) comparison of
stress changes for each significant explanatory variable, and (3) explanatory modelling
by multiple regression analysis for stress change. For the explanatory model, explanatory
variables with significant correlations divided into detailed response categories were used.
Categorical data were expressed as frequencies and percentages, and continuous data as
mean ± standard deviation (SD). Comparisons in the two groups were performed using
two independent-sample t-tests, and comparisons among multiple groups were conducted
using single-factor analysis of variance. Correlations among quantitative data (amount of
change in self-assessments of vigor, stress, and health related issues using the Japanese
Ministry of Health, Labour and Welfare Stress Check) were analyzed 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 3 and 4 show the distribution of age and occupation of the target respondents.
The ages of all subjects were Bell Shaped: The normal pattern (Figure 3), and their occupa-
tions were more diverse compared to the other studies (e.g., nurses and teachers), showing
that our data covered a diverse group of people (Figure 4). Regarding age, while most
target cities were in a normal pattern, Amsterdam had a larger proportion of young people,
and a smaller proportion of old people (Ragged Plateau: No single clear process or pattern).
In terms of occupation, Amsterdam had a large percentage of students, while Tokyo had a
high percentage of respondents engaged in domestic duties.
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Of the 741 persons who participated in the survey, 417 were male (56.3%) and 324
were female (43.7%). Age ranged from 35 to 64 years (49.10 ± 14.48 years). The num-
ber of participants in each city was as follows: 87 participants in Amsterdam (11.7%),
85 participants in London (11.5%), 102 participants in New York (13.8%), 71 participants in
other cities (9.6%) and 396 participants in Tokyo (53.4%). Overall, 503 people (68.0%) lived
alone, while 238 (32.0%) lived with their family or others. The occupations of participants
were as follows: corporate manager/board member/director (1), 82 (11.1%); civil servant
(2), 31 (4.2%); self-employed (3), 82 (11.1%); company employee (4), 245 (33.1%), part-time
employment (5), 69 (9.3%), temporary employment (6), 10 (1.3%), unemployed (7), 104
(14.0%), student (8), 29 (3.9%); and domestic duties (9), 73 (9.9%). The type of current
residence was as follows: detached house, 238 (33.7%); low-rise apartment (1st–3rd floor),
174 (24.6%); middle-rise apartment (4th–10th floor); 187 (26.4%); and high-rise apartment
(≥10th floor), 108 (15.3%). Private car ownership was as follows: yes, 388 (52.4%); no, 353
(47.6%).

3.2. Comparison of the Average Scores of Changes in Stress, Vigor, and Health Related Issues

The 741 valid responses (802 people answered the web questionnaire) showed a mean
stress average score of 3.25 ± 0.65. Compared to the situation before the first COVID-19
outbreak, stress was increased in 542 residents (73.1% of respondents), unchanged in
44 residents (5.9% of respondents), and decreased in 155 residents (20.9% of respondents).
The average stress changes in these three subgroups were as follows: The average of the
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group with increased stress was 3.519 ± 0.439; the average of the group with no change
was 3 ± 0; and the average of the group with decreased stress was 2.394 ± 0.586.

3.3. Correlations among Scores of Stress, Vigor, and Health Related Issues

Pearson correlation analysis showed that the mean stress scores were significantly
correlated with the mean scores on vigor and health related issues (r = −0.483 and 0.766,
respectively). The correlation analysis found a strong negative correlation between changes
in the scores of stress and vigor, and a strong positive correlation between changes in
the scores on stress and health related issues. Since the change in stress scores were
the objective variable in this analysis, we removed vigor and health related scores as
explanatory variables from multiple regression analysis to eliminate the issue of collinearity.

3.4. Correlation Analysis of Stress Change and All Explanatory Variables

Table 2 presents the results of the correlation analysis between the objective variable,
average stress change, and the data of the 36 explanatory variables. The explanatory
variables in bold are the ones with statistically significant correlations (Table 2). The
explanatory variables with the largest correlation coefficients were (1) satisfaction with
work (including housework and study), (2) satisfaction with family life, (3) number of
times to go out and exercise (e.g., walking, jogging) in a week during the first COVID-19
outbreak, and (4) number of times to go out (e.g., shopping, dinner) in a week during the
first COVID-19 outbreak. In addition, there was a significant correlation between the stress
change and gender (i.e., women were more stressed). It should be noted that the increase
of stress scores was larger among respondents in New York and less in Tokyo, both with
statistical significance.

3.5. Differences in Average Stress Change Scores for Each Response Categories of
Explanatory Variables

Table 3 indicates a comparison of the stress change for each significant explanatory
variables presented in Table 2, obtained by dividing the explanatory variables into detailed
response categories. The explanatory variables in bold had statistically significant differ-
ences in the stress scores (Table 3). For satisfaction with work (including housework and
study), which was the most strongly correlated variable with the objective variable, the
more dissatisfied the respondents were, the more stress they experienced compared to
the situation before the first COVID-19 outbreak: satisfied (1): 2.96 ± 0.83; not satisfied at
all (4): 3.54 ± 0.73. For satisfaction with family life, which was the second most strongly
correlated variable with the objective variable, the more dissatisfied the respondents were,
the more stress they experienced compared to the situation before the outbreak: satisfied
(1): 3.01 ± 0.71, not satisfied at all (4): 3.66 ± 0.67.

3.6. Multiple-Factor Analysis of the Stress Change Scores

Multiple regression analysis was conducted to select explanatory variables by forward–
backward stepwise regression to develop a significant model. The explanatory variables in
bold indicates the variables with statistically significant changes in stress scores (Table 4).
The mean stress change score was used as a dependent variable, and a single-factor analysis
of stress utilized 16 significant questions (bold variables in Tables 2 and 3) as independent
variables for multiple linear regression analysis. Those who live in a place different from
their hometown were more likely to experience increased stress than those who live in
a city where they were born. It was found that the increase in stress scores was greater
for those who were more dissatisfied with work (including housework and study) and
family life. In addition, “I live alone by myself (Yes = 1, No = 0)” and “The number of
times per week you went out of your house for exercise (walking, jogging, etc.) (during
the COVID-19 outbreak)” were chosen as the significant factors for the decrease in stress.
People who lived alone and those who exercised outside (walking or jogging) during the
first outbreak tended to show reduced stress. These lifestyle and outside activities were
more statistically significant factors than income changes, gender.



Sustainability 2021, 13, 5996 9 of 19

Table 2. Correlation analysis of the stress change and all explanatory variables.

Questions Answer Classification Correlation
(r) p-Value

How comfortable are you communicating with
local acquaintances/neighbors?

Very much/Always (1)

0.124 <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)

0.088 0.017
Sufficiently/Frequently (2)
To some extent/Occasionally (3)
Not at all/Never (4)

How reliable are the local
acquaintances/neighbors?

Very much/Always (1)

0.106 0.004
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)

0.084 0.022
Sufficiently/Frequently (2)
To some extent/Occasionally (3)
Not at all/Never (4)

Satisfaction with your work (including housework
and study)

Satisfied (1)

0.298 <0.001
Somewhat satisfied (2)
Not very satisfied (3)
Not satisfied at all (4)

Satisfaction with your family life

Satisfied (1)

0.267 <0.001
Somewhat satisfied (2)
Not very satisfied (3)
Not satisfied at all (4)

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

Yes (1)
0.084 0.141No (0)

Which public facilities do you find have the most
restricted access under the COVID-19 outbreak?

None (1)

0.054 0.967

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

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

Yes (1)
0.073 0.047No (0)

Which private facilities do you find have the most
restricted access under the COVID-19 outbreak?

None (1)

0.058 0.117

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)
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Table 2. Cont.

Questions Answer Classification Correlation
(r) p-Value

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

No difference (0)

0.135 <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 the COVID-19
outbreak)

−0.006 0.875

Shopping, lunch, dinner,
etc. (during the
COVID-19 outbreak)

−0.132 <0.001

Exercise (walking,
jogging, etc.) (before the
COVID-19 outbreak)

−0.093 0.011

Exercise (walking,
jogging, etc.) (during the
COVID-19 outbreak)

−0.134 <0.001

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

Yes (1) −0.024 0.522
No (0)

Your habits of walking/jogging outdoors

I had done it before the COVID-19
lockdown (self-restraint) (1) −0.023 0.525I started during the COVID-19 lockdown
(self-restraint) (2)
I do not have such habits (3)

Sex
Male (1)

0.083 0.024Female (2)

Age 0.076 0.038

Number of family members who live with you
(including yourself) 0.049 0.179

I live alone by myself Yes (1) −0.078 0.034No (0)

Living with spouse Yes (1)
0.029 0.432No (0)

Living with child/children Yes (1)
0.007 0.850No (0)

Living with parents (including spouse’s parents) Yes (1)
0.077 0.036No (0)

Living with grandparents (including spouse’s
grandparents)

Yes (1) −0.014 0.709No (0)

Living with brother and sister (including in-laws) Yes (1)
0.017 0.644No (0)

Living with others Yes (1)
0.002 0.960No (0)

Environment you grew up in

Mountainous area (1)

0.048 0.197
Rural area (2)
Suburbs (3)
City (4)
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Table 2. Cont.

Questions Answer Classification Correlation
(r) p-Value

House you lived in the longest during childhood

Detached house (1)

0.035 0.341
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)

−0.005 0.890
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 0.057 0.119

About the place of your residence

I live where I was born (1)

0.079 0.032
I 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)

0.077 0.035

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 (self-restraint)

Largely increased (1)

−0.018 0.621

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) −0.003 0.940No (0)

London
Yes (1)

0.048 0.194No (0)

New York
Yes (1)

0.078 0.033No (0)

Amsterdam
Yes (1) −0.049 0.181No (0)

Tokyo Yes (1) −0.076 0.038No (0)

Other cities
Yes (1)

0.040 0.281No (0)

Note: The explanatory variables in bold are the variables for which statistically significant correlations were found.
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Table 3. Stress change for each significant explanatory variable.

Question Category of Answers Number (%) Average Stress
Scores F-Value t-Value p-Value

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

Very much/Always (1) 59
(8%) 3.12 ± 0.96

11.466 - <0.001
Sufficiently/Frequently (2) 149

(20.1%) 3.16 ± 0.58

To some extent/Occasionally (3) 368
(49.7%) 3.26 ± 0.56

Not at all/Never (4) 165
(22.3%) 3.38 ± 0.74

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

Very much/Always (1) 234
(31.6%) 3.2 ± 0.71

5.709 - 0.017
Sufficiently/Frequently (2) 290

(39.1%) 3.24 ± 0.57

To some extent/Occasionally (3) 196
(26.5%) 3.3 ± 0.67

Not at all/Never (4) 21
(2.8%) 3.59 ± 0.7

How reliable are the
local acquain-
tances/neighbors?

Very much/Always (1) 38
(5.1%) 3.09 ± 0.9

8.453 - 0.004
Sufficiently/Frequently (2) 128

(17.3%) 3.16 ± 0.66

To some extent/Occasionally (3) 333
(44.9%) 3.25 ± 0.56

Not at all/Never (4) 242
(32.7%) 3.33 ± 0.71

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

Very much/Always (1) 261
(35.2%) 3.19 ± 0.68

5.306 - 0.022
Sufficiently/Frequently (2) 247

(33.3%) 3.25 ± 0.62

To some extent/Occasionally (3) 198
(26.7%) 3.31 ± 0.61

Not at all/Never (4) 35
(4.7%) 3.39 ± 0.78

Satisfaction with your
work (including
housework and study)

Satisfied (1) 101
(13.6%) 2.96 ± 0.83

71.891 - <0.001
Somewhat satisfied (2) 346

(46.7%) 3.14 ± 0.54

Not very satisfied (3) 204
(27.5%) 3.47 ± 0.56

Not satisfied at all (4) 90
(12.1%) 3.54 ± 0.73

Satisfaction with your
family life

Satisfied (1) 180
(24.3%) 3.01 ± 0.71

56.732 - <0.001
Somewhat satisfied (2) 335

(45.2%) 3.25 ± 0.57

Not very satisfied (3) 167
(22.5%) 3.38 ± 0.62

Not satisfied at all (4) 59
(8%) 3.66 ± 0.67

There are private
facilities whose use you
do not want to be
restricted.

Yes (1) 627
(84.6%) 3.27 ± 0.65

- 1.975 0.050

No (0) 114
(15.4%) 3.14 ± 0.65
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Table 3. Cont.

Question Category of Answers Number (%) Average Stress
Scores F-Value t-Value p-Value

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

No difference (0) 91
(12.3%) 3.08 ± 0.74

13.750 - <0.001

Reduced by 30% (30) 127
(17.1%) 3.19 ± 0.52

Reduced by 50% (50) 196
(26.5%) 3.24 ± 0.59

Reduced by 80% (80) 215
(29%) 3.30 ± 0.65

I seldom left my house (100) 112
(15.1%) 3.40 ± 0.75

The number of times
per week you went out
of your house for
shopping, lunch,
dinner, etc. (during the
COVID-19 outbreak)

- - - - - -

The number of times
per week you went out
of your house for
exercise (walking,
jogging, etc.) (before
the COVID-19
outbreak)

- - - - - -

The number of times
per week you went out
of your house
Exercise (walking,
jogging, etc.) (during
the COVID-19
outbreak)

- - - - - -

Sex

Male (1) 417
(56.3%) 3.21 ± 0.63

−2.247 - 0.025
Female (2) 324

(43.7%) 3.31 ± 0.67

Age

I live alone by myself

Yes (1) 503
(67.9%) 3.29 ± 0.65

- −2.138 0.033
No (0) 238

(32.1%) 3.18 ± 0.64

Living with parents
(including spouse’s
parents)

Yes (1) 92
(12.4%) 3.39 ± 0.67

- −1.449 0.150
No (0) 649

(87.6%) 3.23 ± 0.65

About the place of your
residence

I live where I was born. (1) 409
(55.3%) 3.21 ± 0.7

4.515 - 0.034I moved once, now I live in
where I was born. (2)

107
(14.5%) 3.3 ± 0.6

I live in another place then
where I was born. (3)

223
(30.2%) 3.32 ± 0.56

Occupation

Corporate manager/board
member/director (1)

82
(11.3%) 3.19 ± 0.71

4.388 - 0.037

Civil servant (2) 31
(4.3%) 3.25 ± 0.76

Self-employed (3) 82
(11.3%) 3.24 ± 0.51

Company employee (4) 245
(33.8%) 3.22 ± 0.68
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Table 3. Cont.

Question Category of Answers Number (%) Average Stress
Scores F-Value t-Value p-Value

Part-time job (5) 69
(9.5%) 3.28 ± 0.65

Temporary employment (6) 10
(1.4%) 2.97 ± 0.8

Unemployed (7) 104
(14.3%) 3.31 ± 0.49

Student (8) 29
(4%) 3.19 ± 0.83

Domestic duties (9) 73
(10.1%) 3.42 ± 0.64

New York

Yes (1) 102
(13.8%) 3.38 ± 0.56

1.650 - 0.101
No (0) 639

(86.2%) 3.23 ± 0.66

Tokyo
Yes (1) 396

(53.4%) 3.21 ± 0.69
0.445 - 0.656

No (0) 345
(46.6%) 3.31 ± 0.6

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 differences were found. No additional
analysis was conducted for quantitative data. Numbers in parentheses in the answers are the variables used in the analysis.

Table 4. Multiple-factor analysis of the stress change in the first COVID-19 outbreak.

Dependent Variable Regression Coefficient SE t-Value p-Value

Constant 2.906 0.108 26.967 <0.001

About the place of your residence
(I live where I was born = 1, I moved once, now I live in where I
was born = 2, I live in another place than where I was born = 3)

0.137 0.026 5.24 <0.001

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

0.157 0.032 4.886 <0.001

I live alone by myself
(Yes = 1, No = 0) −0.181 0.049 −3.683 <0.001

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

0.111 0.031 3.533 <0.001

The number of times per week you went out of your house for
exercise (walking, jogging, etc.) (during the COVID-19 outbreak) −0.014 0.004 −3.273 0.001

Age 0.003 0.002 2.205 0.028

To what extent have your daily activities changed compared to
before the COVID-19 outbreak?
(no difference = 0, reduced by 30% = 30, reduced by 50% = 50,
reduced by 80% = 80, I seldom left my house = 100)

0.002 0.001 2.147 0.032

Note: R2 = 0.168, adjusted R2 = 0.160, F = 21.11, p < 0.001.

This model can explain 16.8% of the stress change, as shown in Table 4.

4. Discussion

The aim of this paper was to identify the common factors that contribute to the
stress change particularly observed in large cities around the world. We identified 16
statistically significant variables out of 36 explanatory variables, which explains the change
of stress levels compared to the pre-outbreak period in a population with diverse groups



Sustainability 2021, 13, 5996 15 of 19

of people. We developed an explanatory model for increase and decrease in stress using
significant variables. Our results unexpectedly indicated that the following two variables
were not significant: whether or not the residents are from Tokyo, which has the largest
sample size (i.e., 1 = Resident of Tokyo, 0 = Resident of other cities), “status of income
compared to the situation before the COVID-19 lockdown (self-restraint)” (i.e., Largely
increased = 1, No difference = 3, Largely decreased = 5). Similar to our previous study [46],
one of the major contributors to increased stress under COVID-19 restrictions in the four
cities appeared to be the dissatisfaction with family life or jobs. Moreover, our findings
highlighted the following new significant variables from the data in four global cities:
“whether or not the current place of residence is one’s home town”, “I live alone by myself
(Yes = 1, No = 0)”, “The number of times per week you went out of your house for exercise
(walking, jogging, etc.) (during the COVID-19 outbreak)”, “Age”, and “To what extent
have your daily activities changed compared to before the COVID-19 outbreak”.

If population size or population density had strong influence on stress levels, we can
presume that whether or not the respondent is from Amsterdam with the lowest population
and population density would significantly affect stress levels. In addition, based on the
multiple regression model of stress change, although not selected as a significant variable,
respondents in New York tended to have significantly higher levels of stress change than
the rest of the cities, while respondents in Tokyo tended to have significantly lower levels
of stress change than the rest. Despite the fact that Tokyo has the largest population and
that New York has the highest population density among the four cities, the correlations
between the two variables and stress change had the opposite relationships. Thus, we can
presume that the number of infected people and difference in the severity of restrictions
may have stronger impacts on the stress changes of the world’s urban residents than
population or population density of each city.

Existing literature with a focus on stress change, like this article, has been targeting
certain groups of people, including people with mental disorders, children with cancer
and their caregivers [51,52]. In [51], the authors reported an increase in stress after the
COVID-19 outbreak compared to the situation before, while less additional stress was
confirmed by the outbreak in study [52]. Another research surveyed a relatively large
sample of 445 subjects, in which they compared the stress under the initial lockdown period
and the situation after the lockdown [53]. According to this study, depressions were found
to be not resolved even after few weeks after the initial lockdown was finished. Thus, there
have been few studies focusing on stress change comparing before and after the outbreak
of COVID-19 like this article, which targeted a wide range of population with diverse
social attributes.

One GIS analysis revealed that walkability within urban blocks (calculated from
population density, intersection density, block length, access to various amenities, etc.)
can be effective in preventing the spread of COVID-19 in New York during the first
outbreak [65]. Moreover, a 5 year’s follow-up study of 200 elderly people in Japan showed
that the Hospital Anxiety and Depression Scales (HADS) of the elderly people who took
part in physical activities such as walking were significantly better than that of those who
did not take part in such activities [66].

Our study results highlight that frequency of walking or jogging was one of the
common factors that alleviate stress even under the sudden epidemic disaster in the
world’s largest cities. In particular, as the people who moved into cities from their home
towns appeared to have higher stress scores, walking or jogging outside of their houses
would be an effective measure to alleviate stress. Further, we suggest that walking or
jogging in small number of people can improve the relationships among friends or family
members, which are also the major causes of stress.

This study has several limitations. First, the scores for stress, vigor, and health related
issues were not absolute values, since these were respondents’ self-scores. Another issue
found was that the explanatory model only made small contributions to the increase or
decrease of stress levels. This may be because the mean levels of vigor and health related
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issues were not included as explanatory variables; these were highly correlated with mean
levels of stress (objective variables). We recommend that future research involve analyses
using objective measures with holistic scores of stress, vigor, and health related issues.
Variables such as the frequency of going out before and during the outbreak (e.g., exercise,
shopping) and the decrease rate in the range of activities under the lockdown period
compared to the situation before the outbreak are considered as the indicators for resilient
behaviors that may have contributed to changes in stress scores. The final significant
explanatory variable of the multiple regression model also shows that the greater the
reduction in the range of activities during the lockdown, the more stress the person is
receiving. This variable can be considered as one of the indicators for resilient behaviors.
In addition, there is a need for further research on indicators such as Adolescent Resilience
Scale (ARS) [67].

About half of the sampled data were obtained from Tokyo. However, in the analysis
of the multiple regression model, Tokyo’s dummy variable (1 = respondents from Tokyo,
0 = respondents from other cities) were not selected as a significant variable. Similarly,
dummy variable of New York and the other two cities were also not significant in the
multiple regression model of stress change. Therefore, according to this model, we argue
that neither sample size nor the population density of each city had statistically significant
impacts. However, we suggest that future research should consider conducting principal
component analysis (PCA) to highlight and compare the regional characteristics.

5. Conclusions

To conclude, we have identified 16 statistically significant variables out of 36 explana-
tory variables, explaining the stress changes compared to the pre-outbreak period with
diverse groups of people. Contrary to our expectations, respondents’ place of residence and
“status of income compared to the situation before the COVID-19 lockdown (self-restraint)”
were found to be non-significant variables. On the other hand, our results revealed that
dissatisfaction with family life or jobs were the major contributors of stress change un-
der the COVID-19 outbreak, which seemed to be similar with our previous study [46].
Further, variables such as “whether or not the current place of residence is one’s home
town”, “I live alone by myself”, “The number of times per week you went out of your
house for exercise (walking, jogging, etc.) (during the COVID-19 outbreak)” appeared to
be the significant variables that affected stress changes. We believe that our findings can
contribute to explore how we can alleviate stress levels in urban areas under the prolonged,
unprecedented pandemic.
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Appendix A

The objective variable in this paper used the mean value of the following answer score
of Questions 4–18: change in the average stress scores (compared to the pre-outbreak one).

The answers were selected from the following five levels: (1) Much less than before,
(2) Less than before, (3) No difference, (4) More than before, (5) Much more than before.

1. I feel active, 2. I’m full of energy, 3. I feel lively, 4. I feel angry, 5. I’m frustrated,
6. I feel grumpy, 7. I feel very tired, 8. I’m fatigued, 9. I feel heavy, 10. I’m nervous, 11. I
feel uneasy, 12. I feel gloomy, 13. It’s a pain doing anything, 14. I can’t concentrate, 15. I
don’t feel well, 16. I can’t concentrate on my work, 17. I feel sad, 18. I feel dizzy, 19. I have
pain in my joints, 20. My back hurts, 21. My eyes are tired, 22. I feel a pounding/I have
shortness of breath, 23. I have a bad gastrointestinal condition, 24. I have no appetite, 25. I
have constipation or diarrhea, 26. I don’t sleep well.
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