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Abstract

Background: Lockdowns and stay-at-home orders announced internationally for COVID-19 have led to physical and social
distancing, with reports of many individuals experiencing social isolation (Sl) and loneliness. Although the emergency declaration
in Japan was declared asa“mild” lockdown requested by the government without penaltiesfor violations, the lockdown measures,
including Sl, had several influences on peopl€e'slives and mental health asin other countries. Furthermore, Japan declared a state
of emergency multiple times; thus, it is hecessary to examine the influence of the transition of Sl caused by repeated emergency
declarations and the deterioration of mental health associated with these changes.

Objective: This study longitudinally investigated the transition of Sl and its related factors during the mild lockdown under 2
declared states of emergency in Japan and analyzed psychosocial characteristics by extracting clusters where people with specific
transition patterns of Sl predominated.

Methods: We collected data on 7893 inhabitants (3694 [46.8%] women, 49.6 [SD 13.7] years old) living in the 7 prefectures
wheretheinitial emergency declaration was applied. Theinvestigationstook place onlinein the final phase of thefirst and second
states of emergency: phase 1 (between May 11 and 12, 2020) and phase 2 (between February 24 and 28, 2021). Nonparametric
Bayesian coclustering was used to visualize the exhaustive interaction structure between the transition pattern of Sl and the
psychosocial variables.

Results: There were no improvementsin social networks and loneliness between the 2 phases, although psychological distress
significantly improved and depression slightly decreased. Overall, 3868 (49%) of the 7893 participants remained socially isolated
through phases 1 and 2, and 947 (12%) were socially isolated in phase 2, even though they were not socially isolated in phase 1.
More participants experienced persistent Sl in unmarried, childless, and low-household-income groups. The persistent-SI group
had fewer cohabitants than other transition pattern groups. The nonparametric Bayesian coclustering results showed that most
clusters, including participantswithout Sl throughout phases 1 and 2, had healthy behaviors, more interactions, good rel ationships,
and less loneliness and psychological stress. Furthermore, the cluster in which relationships deteriorated in phase 1 recovered in
phase 2. Comparatively, the clusters with Sl throughout phases 1 and 2 were divided into clusters with increased loneliness and
psychological stress; clusters were close to participants average scores in this study. The clusters with increased loneliness and
psychological stress were notable for deteriorating rel ationships and less online interaction.
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Conclusions: This study revealed the actual state of transition of Sl and related psychological, social, and behavioral factors
under repeated declarations of a state of emergency. These results should help construct intervention methods that fit individual

characteristics of peoplein Sl during a pandemic.

(JMIR Public Health Surveill 2022;8(3):€32694) doi: 10.2196/32694
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Introduction

COVID-19 has rapidly spread worldwide since its outbreak in
December 2019 [1]. To deter the spread of COVID-19, many
countries have imposed alockdown with restrictions on outings,
service closures, etc. Although lockdowns are expected to
prevent the spread of infection, they also cause psychological
distress and economic damage [2-4].

Lockdowns and stay-at-home orders announced internationally
for COVID-19 have led to physical and social distancing, with
reports of many individuals experiencing social isolation (Sl)
[1,5,6]. Previousresearch in the elderly reported that individuals
who were socially isolated before the pandemic were particularly
vulnerable to the negative psychological impacts of the
COVID-19 lockdown [6]. However, greater social support
during the pandemic was reported to be inversely associated
with thoughts of suicide and self-harm[7]. In addition, el evated
loneliness during stay-at-home orders is strongly associated
with more severe depression and suicidal ideation [8,9]. Thus,
Sl and the resulting loneliness under stay-at-home orders for
COVID-19 are acritical public health concern.

The impact of the “mild” lockdown [10] following the
declaration of a state of emergency in Japan has attracted
attention. On April 7, 2020, the Japanese government declared
a state of emergency due to the COVID-19 outbreak in 7
prefectures [11]. The state of emergency expanded nationwide
on April 16, 2020, and was lifted in a phased manner starting
on May 14, 2020. Inthe middle of thethird wave of COVID-19,
the Japanese government again declared a state of emergency
in 4 prefectures on January 8, 2021, and 7 more on January 14.
The second state of emergency was lifted in stages starting in
March, except for 1 prefecture, where the state was lifted on
February 7. Although many countries were in lockdown with
penaltiesfor violations, adistinguishing feature of the Japanese
policy for COVID-19 wasthe government requesting that people
refrain from going out, except for emergencies, and temporarily
close certain businesses, with no penaties imposed for
violations. As the emergency declaration in Japan was a
“request” by the government, it did not prohibit people from
going out or meeting other people. However, Japan's mild
lockdown influenced peopl€'s lives in many ways, as in other
countries, such aslifestyle changes dueto teleworking or online
classes held in many schools and economic damage due to
decreased income or job loss.

Additionally, this lockdown significantly transformed activity
in Japan; for example, the number of monthly train users in
April 2020 and February 2021 prominently decreased by 45.5%
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compared to the previous year [12,13]. Our previous research
reported severe S, loneliness, and psychological distressduring
thefirst mild lockdown in Japan [5,10,14,15]. Furthermore, our
previous study reported that people experienced extreme Sl in
the first state of emergency. Again, being male, being middle
aged, and having alower income predicted Sl. In contrast, being
a student was inversely associated with Sl [5].

However, just as many countries have repeatedly declared
lockdowns, Japan has al so repeatedly declared emergencies, as
mentioned earlier. Therefore, it is necessary to examine the
influence of the transition (ie, worsening, improving, or
maintaining) of Sl caused by the prolonged pandemic and
emergency declarations and the relationship between the
transition pattern and the deterioration of mental health
associated with the prolonged pandemic [16]. By examining
these findings, we might clarify whether Sl in the pandemicis
a persistent problem rather than a temporary one and whether
people who did not show Sl problemsin the early stages of the
pandemic will later reveal such issues. In addition, clarifying
the psychosocial characteristics of people who manifest different
transition patterns of Sl can provide information to consider
what kind of helpisneeded based onindividuals' characteristics.

Therefore, the purpose of this study was to longitudinally
investigate the transition of Sl from the beginning of the
pandemic to the end of aspecified period, and itsrelated factors
by surveying during the mild lockdown under 2 declared states
of emergency in Japan. We aso analyzed psychosocia
characteristics by extracting clusterswhere people with specific
transition patterns of Sl (development or maintenance of astate
of Sl in particular) predominated.

Methods

Participants and Data Collection

The survey was conducted online between May 11 and 12, 2020
(phase 1) and between February 24 and 28, 2021 (phase 2), the
final phase of the state of emergency. In phase 1, we conducted
an online survey of inhabitantsliving inthe 7 prefectureswhere
the emergency declaration measures werefirst applied (Tokyo,
Kanagawa, Osaka, Saitama, Chiba, Hyogo, and Fukuoka) in
order to detect precisely the impact of the mild lockdown. We
conducted afollow-up survey on the same participantsin phase
2. Werecruited participants according to the following inclusion
criteria: (1) inhabitants living in the 7 prefectures mentioned
earlier and (2) age=20 years. The exclusion criteria were as
follows: (1) age<18 years, (2) high school students, and (3)
living outside the seven prefectures. We determined that the
target sample in phase 1 was 11,000 because of the possibility
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of dropoutsfrom the follow-up survey and the large sample size
required for nonparametric Bayesian coclustering with many
variables. These prefectures were assumed to be susceptible to
a mild lockdown due to their large populations and the large
number of COVID-19 cases reported in these areas. In phase
1, the number of peoplein each prefecture was determined based
on the ratio of the number of people living in Tokyo (n=2783,
24.6%), Kanagawa (n=1863, 16.4%), Osaka (n=1794, 15.8%),
Saitama (n=1484, 13.1%), Chiba (n=1263, 11.1%), Hyogo
(n=1119, 9.9%), and Fukuoka (n=1027, 9.1%).

The participants of this study were recruited through Macromill,
Inc (Tokyo, Japan), aglobal marketing research company. This
company has accessto more than 1,300,000 registered members
with diverse characteristics regarding sex and age of all
prefectures in Japan. This online survey system automatically
eliminated duplicate answers from a single respondent.
Approximately 80,000 registered people who lived in the target
areas were recruited by email, and data were collected on an
online platform. (The target sample in phase 1 was n=11,000.)
Participants completed the online survey after receiving a link
to it. All participants voluntarily responded to the survey
anonymously and provided informed consent online before
completing the survey. Participantsreceived aclear explanation
of the survey procedure and could interrupt or terminate the
survey at any timewithout requiring areason. The questionnaire
format, excluding the default items provided by Macromill, Inc
(sex, age, occupation, annual household income, marital status,
and presence of children) did not allow participants to proceed
to the next page if there were items they had not answered. All
the participantsreceived Macromill pointsfor their participation,
which constitute an origina point service of Macromill, Inc,
and the participants can exchange these pointsfor prizesor cash.

This study was approved by the Research Ethics Committee at
the Graduate School of Social and Industrial Science and
Technology, Tokushima University (acceptance no. 212). The
study was performed in accordance with the ethical standards
of the 1964 Declaration of Helsinki and its later amendments.

The data for this study were partly extracted from a database
containing data used in our previous paper [16]. The extracted
data were secondarily reanalyzed with different dependent and
independent variables compared to those in the studies
mentioned earlier.

M easur ements

Sociodemographic Data

We collected participants sociodemographic information,
including age, sex, employment status (employed, homemaker,
student, unemployed, or other), marital status, and annual
household income (<JPY 2.0 million, JPY 2.0-3.9 million, JPY
4.0-5.9 million, JPY 6.0-7.9 million, 2JPY 8.0 million, or
unknown; a currency exchange rate of JPY 1=US $0.0086 is
applicable). The details of the survey items are available on an
open data platform (Open Science Framework). In addition,
information was collected on whether theindividual or afamily
member was a health care worker, was currently being treated
for a mental condition or severe physical disease, and had a
history of treatment for a mental disorder or severe physical
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illness. This information was used to compare the impact on
the group assumed to be vulnerable to the lockdown effectsin
previous studies [17-20]. Although this information was
collected in phase 1, the number of cohabitants was included
in the survey in phase 2. Therefore, we needed to confirm
whether the number of cohabitants could affect the SI scores of
our participants, as the response option for the Sl scale in this
study was the number of peoplein their socia network.

Social | solation

Since the emergency declaration, we measured social networks
using the Japanese version of the abbreviated Lubben Social
Network Scale (LSNS-6, [21]). The LSNS-6 is a shortened
version of the Lubben Social Network Scale [22] that includes
items on the network size of relatives or friends who provide
emotional and instrumental support. The LSNS-6 consists of 3
items related to the family network and 3 related to the
friendship network.

The number of people in the network was calculated using a
6-point scale (O=none; 1=1 person; 2=2 people, 3=3 or 4 people;
4=5-8 people; and 5=9 or more people) for each item [23]. The
total score ranged from O to 30 points, with higher scores
indicating alarger social network and <12 pointsindicating Sl.
An LSNS-6 score of <12 points varied strongly related to
sociodemographic and socioeconomic factors [24], while the
score predicted depression and the devel opment of poor physical
capability [25]. The Cronbach a coefficient of the LSNS-6 for
our datain phase 1 was .859.

Loneliness

We measured loneliness using the Japanese version of the
University of California, LosAngeles(UCLA) Loneliness Scale,
Version 3 (UCLA-LS3, [26]). The UCLA-LS3 consists of 10
items, each rated from 1 (never) to 4 (always) [27]. The total
scoresranged from 10 to 40, with higher scoresindicating higher
levels of loneliness. The Cronbach o coefficient of the
UCLA-LS3 for our data in phase 1 was .868. Loneliness and
Sl are conceptually distinct, with Sl generally defined in terms
of the objective availahility of social contacts and the frequency
of contact with social network members. In contrast, loneliness
refers to the perception that personal and social needs are not
being met [28,29]. Moreover, Sl has been reported to relate to
loneliness and is often arisk factor [30].

Psychological Distress

Psychological distresswas measured using the Japanese version
of the Kessler Psychological Distress Scale-6 (K6, [31]), a
nonspecific psychological stress scale, and a 6-item screening
instrument measuring distress over the past 30 days. Each
guestion was rated on a scale of 0 (never) to 4 (always), with
total scoresranging from 0to 24. Owing to itsbrevity and high
accuracy, the K6 is considered an ideal scale for screening for
mental disordersin population-based health surveysasit isbrief
and highly accurate[31-33]. The Cronbach a coefficient of K6
for our datain phase 1 was .913.

We also used the Japanese version of the Patient Health
Questionnaire-9 (PHQ-9, [34]) to collect basic information
about the participants' mental health; the PHQ-9 consists of 9
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guestions. Participants reported depressive symptoms during
the past 4 weeks, with a score of 0 (none) to 3 (nearly every
day) [35]. The Cronbach o coefficient of PHQ-9 for our data
in phase 1 was .910.

Lifestyle, Coping Behavior, and Stressors Related to the
Mild Lockdown

With extensive references to the literature on the COVID-19
pandemic[17,19,20,36,37], we developed 8 lifestyle and coping
behavior items and 7 stressors were assumed to be associated
with the mild lockdown (refer to [15,38] and Multimedia
Appendix 1). We asked participants to rate the frequency of
implementation and experience of these items from the start of
the mild lockdown to the time of the survey on ascale of 1 (not
a al) to 7 (extremely). Item details are described in our
published papers [15,38]. This study treated these Likert scale
values as interval scales for convenience, and parametric tests
were performed on them.

Statistical Analysis

The LSNS-6 scores of phases 1 and 2 were classified into 2
groups based on the cut-off point (12 points): with and without
Sl. The participants were further divided into the following 4
groups: those with no Sl in both phases 1 and 2 (no-Sl group),
thosewith Sl in phase 1 but not in phase 2 (improved-SI group),
those with no Sl in phase 1 but Sl in phase 2 (worsened-Sl
group), and thosewith Sl in phases 1 and 2 (persistent-SI group).
The chi-sguare test and the t test were applied to compare
sociodemographic characteristics and psychological indexes
(LSNS-6, UCLA-LS3, K6, and PHQ-9) between individuals
who participated only in phase 1 and individuals who
participated in phases 1 and 2. The chi-square test compared
sociodemographic data between the 4 groups. Additionally,
repeated 2-way ANOVA was conducted to compare
psychological indexes and mild-lockdown itemsfor COVID-19
between the SI groups and between phases. Nonparametric
Bayesian coclustering [39] visualized the exhaustive interaction
structure between the transition pattern of Sl and psychosocial
variables exceeding thelower limit of the small effect sizewhen
comparing the 4 Sl groups. These variables were not strongly
correlated with others (ie, r<0.7). We selected the variable that
had a more prominent group difference. Overall, 15,000
iterations based on the Bayesian optimization principle were
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performed to calculate the log marginal likelihood, which
indicates the goodness of fit of the model. The log marginal
probabilities were computed among the model s, and the model
with the highest log marginal likelihood was adopted. We
converted the continuous variables to z values and assigned
values between —3 and 3 to each isolation group according to
the z valuerange: —3 for the no-Sl group, —1 for theimproved-Sl
group, 1 for the worsened-SI group, and 3 for the persistent-Sl
group. For all tests, significance was set at a=.05, 2-tailed.
Statistical analyseswere performed using SPSS Statisticsversion
25.0 (IBM Corp, NY, USA), MATLAB R2017a (Mathworks,
Inc., Natick, MA, USA), and RStudio version 1.1.442.

Results

Descriptive Results

Table 1 showsthe sociodemographic characteristicsin our data.
In phase 1, atotal of 11,333 individuas participated, and we
conducted a follow-up survey on them in phase 2. A total of
7893 individuals participated in phases 1 and 2 (3694 [46.8%)]
women, mean age 49.6 [SD 13.7] years, range 18-89 years),
and thus, 3440 (30.35%) of 11,333 individualswho participated
in phase 1 did not respond in phase 2. In addition, significantly
more femaes than maes participated only in phase 1.
Individuals who participated only in phase 1 had significantly
higher LSNS-6, K6, and PHQ-9 scores and substantially lower
ages and UCLA-L S3 scores than individuals who participated
both in phases 1 and 2 (Multimedia Appendix 2).

Regarding the number of people (N=7893) in each group
classified based on the cut-off point of the LSNS-6, the no-SI
group had 2296 (29.1%), theimproved-SI group had 765 (9.7%),
the worsened-SI group had 964 (12.2%), and the persistent-Sl
group had 3868 (49.0%) people (Table 1). The number of
cohabitantsin each Sl group was 2.4 (SD1.4) inthe no-SI group,
2.2 (SD 1.4) in the improved-SI group, 2.2 (SD 1.3) in the
worsened-Sl group, and 1.8 (SD 1.2) in the persistent-SI group.
Therewas asignificant differencein the number of cohabitants
between S| groups (F5=106.79, P<.001, n?=0.039). Multiple
comparisons showed that the persistent-SI group had
significantly fewer cohabitants than other SI groups. The
worsened-SI group had considerably fewer cohabitantsthan the
no-Sl group (all P<.001).
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Soc_i odemographicindexes  Total, n (%) | gngP group Group difference
atimel
Improved SI, Worsened SI, Persistent SI, n Cramer
NoSl,n(%)  n(%) n (%) (%) X2 (dff) Pvaue V¢
Overal 7893 (100%) 2296 (29.1) 765 (9.7) 964 (12.2) 3868 (49.0) N/Ad N/A N/A
Sex 71.62 (3) <001 0095
Mae 4201(532) 1061(253)[¢ 427(102)  503(120)  po10(s26)[+]f NA NA  NA
Female 3602 (46.8) 1235(33.5)[+] 338(9.2) 461 (12.5) 1658 (44.9) [-] N/A N/A N/A
Age (years) 99.92 (6) <.001 0.080
18-39 1926 (24.4) 620 (32.2)[+] 189 (9.8) 260 (135)[+] 857 (445) [ N/A N/A N/A
40-64 4714(59.7) 1213(25.7)[-] 437(9.3) 563 (11.9) 2501 (53.1) [+] N/A N/A N/A
>65 1253 (15.9) 463 (37.0)[+] 139 (11.1) 141 (11.3) 510(40.7) [ N/A N/A N/A
Occupation 11353 (12) <.001 0.069
Employed 5384 (68.2) 1501 (27.9) [ 521(9.7) 700 (13.0) [+] 2662 (49.4) N/A N/A N/A
Homemaker 1236 (15.7) 470(38.0)[+] 125(10.1) 133 (10.8) 508 (41.1)[-] N/A N/A N/A
Student 111(14)  53(47.7)[+]  11(9.9) 14 (12.6) 33(29.7) [  NA N/A N/A
Unemployed 901 (11.4) 207(23.0)[- 83(9.2) 90(10.0) [ 521(57.8)[+] N/A N/A N/A
Other 261(33)  65(24.9) 25 (9.6) 27 (10.3) 144 (55.2)[+] N/A N/A N/A
Marital status 241.29 (3) <.001 0.175
Married 5174 (65.6) 1727 (33.4)[+] 546 (10.6)[+] 689 (13.3)[+] 2212(42.8)[] N/A N/A N/A
Unmarried 2719 (344) 569(20.9)[-] 219(8.1)[-] 275(10.1)[-] 1656(60.9)[+] N/A N/A N/A
Children 313.05 (3) <.001 0.199
Yes 4477 (56.7) 1575(35.2) [+] 490 (10.9) [+] 599 (13.4) [+] 1813(40.5) [ N/A N/A N/A
No 3416(433) 721(21.1)[4 275(81)[d 365(10.7)[- 2055(60.2)[+] N/A N/A N/A
Annual household income (JPY)? 26284(12) <001 0120
<2.0 million 438(55)  57(13.0)[H  23(53)[- 30(6.8)[-  328(749)[+] NI/A N/A N/A
2.0-3.9 million 1421 (18.0) 319(224)[-] 127(8.9) 166 (11.7) 809 (56.9) [+] N/A N/A N/A
4.0-5.9 million 1562 (19.8) 431 (27.6) 146 (9.3) 198 (12.7) 787 (50.4) N/A N/A N/A
6.0-7.9 million 1078 (13.7) 326 (30.2) 118 (10.9) 145 (13.5) 489 (454)[-] N/A N/A N/A
>8.0 million 1613 (20.4) 627(38.9)[+] 177(110)[+] 196 (12.2) 613(38.0) [ N/A N/A N/A
Health care worker (self) 7.58 (3) .06 0.031
Yes 407 (5.2) 133(32.7) 40 (9.8) 60 (14.7) 174 (42.8) [ N/A N/A N/A
No 7486 (94.8) 2163 (28.9) 725(9.7) 904 (12.1) 3604 (49.3) [+] N/A N/A N/A
Health careworker (family) 38.26 (3) <.001 0.070
Yes 625(7.9)  243(389)[+] 61(9.8) 81 (13.0) 240(38.4) [ N/A N/A N/A
No 7268(92.1) 2053(28.2)[- 704(9.7) 883 (12.1) 3628 (49.9) [+] N/A N/A N/A
Treatment of current severe physical diseases 3.93(3) .27 0.022
Yes 378(48)  95(25.1) 39(10.3) 43 (11.4) 201 (53.2) N/A N/A N/A
No 7515(95.2) 2201 (29.3) 726 (9.7) 921 (12.3) 3667 (48.9) N/A N/A N/A
Treatment of previous severe physical diseases 1.32(3) 72 0.013
Yes 659 (8.3) 183 (27.8) 62 (9.4) 77 (11.7) 337 (51.1) N/A N/A N/A
No 7234(917) 2113(29.2) 703 (9.7) 887 (12.3) 3531 (48.8) N/A N/A N/A
Treatment of current psychological problems 54.65 (3) <.001 0.083
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Sogi odemographicindexes  Total, n (%) | gngP group Group difference
attimel
Improved SI,  Worsened SI, Persistent SI, n Cramer
NoSI,n(%)  n(%) n (%) (%) X2 (df) Pvdue V¢
Yes 431 (5.5) 63(146)[]  41(9.5) 50 (11.6) 277(64.3)[+] N/A N/A N/A
No 7462 (94.5) 2233 (29.9)[+] 724 (9.7) 914 (12.2) 3501 (48.1) [ N/A N/A N/A
Treatment of previous psychological problems 61.71 (3) <.001 0.088
Yes 875(11.1)  167(19.1)[-] 89(10.2) 92 (10.5) 527 (60.2) [+] N/A N/A N/A
No 7018(88.9) 2129(30.3)[+] 676 (9.6) 872 (12.4) 3341 (47.6)[-] N/A N/A N/A

85l socidl isolation.

BLSN'S: Lubben Social Network Scale.

CCramer V: 0.100, small; 0.300, medium; 0.600, large.
IN/A: not applicable.

€[-]: adjusted residual s<—1.96.

f[+]: adjusted residuals>1.96.

9N our data set, although 982 (12.4%) of 7893 participants did not provide any data regarding annual household income, there were no missing data
for the other variables. The table does not include the “Unknown” classification of yearly household income (799/7893, 10.1%).

Transition of Social | solation and Sociodemographic
Characteristics

Table 1 shows the differences in sociodemographic
characteristics based on the transition pattern of Sl. Therewere
significant differences between the 4 groups of Sl in al
sociodemographic characteristics except for “Heath worker
(self)” and “Treatment of current/previous severe physical
diseases’ (ie, P<.05). Results of the chi-squaretest that exceeded
the lower limit of “small effect size” (ie, Cramer V>0.100)
indicated unmarried or childless peoplewere more prevalentin
the persistent-SI group. In contrast, married people and
individuals with children were more commonplace in other S|
groups. Additionally, individuals in
lower-annual -househol d-income groups (<JPY 200 million or
between JPY 2.0 and 3.9 million) were more prevalent in the
persistent-Sl group. Individuals in
higher-annual-househol d-income groups (=JPY 8.0 million)
were more prevalent in the no-Sl and improved-SI groups.

Transition of Social I solation and Psychological or
COVID-19 Related Variables

Tables 2-4 display the differences and interactions between
phases and the transition of SI in psychological or
COVID-19-related variables. Regarding interactions between
phases and groups, the results were significant on the LSNS-6,
UCLA-LS3, K6, and items about lifestyle and stress
management during the mild lockdown (“Deterioration of

https://publichealth.jmir.org/2022/3/e32694

relationship with familiar people,” “Difficulties owing to the
lack of daily necessities” and “Difficulties in work or
schoolwork™). In contrast, the results only on the LSNS-6
exceeded the lower limit of “small effect size” (ie, generalized

n? [n6%]>0.010). The simple main effect test in the LSNS-6

indicated a significant difference between each group in phases
1 and 2 and between phasesin all groups.

Group classification had significant effects on all variables
except COVID-19-related anxiety. At the sametime, theresults
exceeded the lower limit of “small effect size” on the LSNS-6,
UCLA-LS3, K6, PHQ-9, and lifestyle and stress management
items during the mild lockdown and the “Deterioration of
relationship with familiar people” item. The multiple comparison
test indicated significant differences between all groups,
excluding the improved-SI group and the worsened-SI group,
ontheLSNS-6, UCLA-LS3, K6, PHQ-9, and lifestyleand stress
management items during the mild lockdown. Regarding
“Deterioration of relationships with familiar people” a
significant difference between the no-SI group and other groups
was evident.

Regarding the effect of phase, results were significant for all
variables except for “Healthy sleep habits” In contrast, results
exceeded the lower limit of “small effect size” on the K6 as
well as items on “Online interaction with familiar people,”
“COVID-19-related anxiety,” “Difficulties owing to the lack
of daily necessities,” and “ Difficultiesin work and schoolwork.”
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Table 2. Differences and interactions between phases® and transition of Sl b on different scales.

Phase Mean score (SD) Effect of phase Effect of group Interaction
No  Improved Worsened Persistent P . P P
sl S S S F (df) vdue NG  F(df vaue  NG2 F (df) vaue NG?
L SNS-6¢
1 1684 7.89 14.58 5.50 1518(1, <.001 0.000 8071.80 <.001 0.640 2046.36 <.001 0.066
B7) (2.77) (2.73) (3.3 7889) (3, 7889) (3, 7889)
2 1646 14.56 7.81 521 N/AE N/A N/A N/A N/A N/A N/A N/A N/A
(3%) (2.83) (2.93) (3.28)
UCLA-LS3f
1 1956 23.07 22.26 26.41 1051(1, .001 0.000 109628 <.001 0259 3859(3, <.001 0.002
467 (4.61) (4.55) (5.20) 7889) (3, 7889) 7889)
2 1087 22.13 23.38 26.62 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(486) (4.76) (4.59) (5.33)
K69
1 399 523 4.96 6.12 536.70 <001 0.013 103.10 <.001 0030 264(3, .048 0.000
438 (5.37) (4.88) (5.77) (1, 7889) (3, 7889) 7889)
2 263 337 3.68 471 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(401 (4.87) (4.82) (5.63)
PHQ-9"
1 3.05 441 4.19 553 168.90 <.001 0.004 126.46 <001 0038 232(3, .073 0.000
(406) (5.39) (5.05) (5.93) (1, 7889) (3, 7889) 7889)
2 24 3.27 3.49 4.77 N/A N/A N/A N/A N/A N/A N/A N/A N/A

(89 (5.19) (488  (6.07)

3Phase 1: between May 11 and 12, 2020, in thefinal phase of thefirst state of emergency; phase 2: between February 24 and 28, 2021, in thefinal phase
of the second state of emergency.

bS): social isolation.

CngZ: 0.010, small; 0.060, medium; 0.140, large.

9L SNS-6: Lubben Social Network Scale (shortened version).

EN/A: not applicable.

fucLA-LS3: University of California, Los Angeles (UCLA) Loneliness Scale, Version 3.
9K 6: Kessler Psychological Distress Scale-6.

hPHQ-9: Patient Health Questionnaire-9.
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Table 3. Differences and interactions between phases® and transition of Sl b with regard to lifestyle and coping behavior during the mild lockdown.

Phase Mean score (SD) Effect of phase Effect of group Interaction
No  Improved Worsened Persistent P c P P
Sl S sl sl F (df) vaue NG2  F(df vaue nNe? F(df value NG?
Exercise
1 470 419 4.29 3.73 231.42 <001 0.007 17262(3, <.001 0.047 9.25(3, <.001 0.001
164 (1.74) 1.73) (1.84) (1, 7889) 7889) 7889)
2 427 4.04 3.69 3.37 N/Ad N/A N/A N/A N/A N/A N/A N/A N/A

(185 (1.80) (1.87) (1.92)
Healthy eating habits

1 485 4.29 450 4.02 59.83(1, <.001 0002 174.34(3, <.001 0.049 1140(3, <.001 0.001
(137 (1.50) (1.39) (1.58) 7889) 7889) 7889)

2 464 4.38 4.18 3.84 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(148) (1.62) (1.58) (1.67)

Healthy sleep habits

1 511 457 4.93 4.48 036(1, .55 0.000 9549(3, <.001 0.025 9593, <.001 0.001
(161 (1.74) (1.62) (1.80) 7889) 7889) 7889)

2 515 481 471 4.48 N/A N/A N/A N/A N/A N/A N/A N/A N/A

(162 (165  (1L73)  (1.83)

Favorite activity

1 447 396 418 3.68 16571 <001 0006 140.84(3, <001 0037 14.76(3, <001 0.002
(51) (1.63)  (153)  (168) (1, 7889) 7889) 7889)
2 409 395 3.64 3.38 N/A NA  NA  NA NA  NA  NA NA  NA

(164 (165  (164)  (L70)

Offline interaction with familiar people

1 410 354 3.82 3.12 80.24(1, <001 0003 24896(3, <001 0057 841(3, <001 0001
18 @76 (177  (L78)  7889) 7889) 7889)
2 385 354 3.30 2.84 N/A N/A  NA  NA NA  NA  NA N/A  NA

@m (174 (172 (L73)

Onlineinteraction with familiar people

1 382 315 353 254 38357 <001 0015 294.38(3, <001 0070 2513(3, <001 0.003
(01) (1.85)  (192)  (L73) (1, 7889) 7889) 7889)
2 310 284 272 2.18 N/A NA  NA  NA NA  NA  NA NA  NA

(189 (1.76) .77) (1.56)
Preventive behaviors of COVID-19

1 592 541 5.65 5.25 839(1, .004 0000 93.90(3, <.001 0.024 1408(3, <.001 0.002
(138) (1.68) (1.47) (1.82) 7889) 7889) 7889)

2 583 551 5.30 5.29 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(139 (1.62 (1.74) (1.79)

Optimism

1 465 394 4.25 357 65.02(1, <001 0002 336.67(3, <.001 0.081 1809(3, <.001 0.002
134 (1.47) (1.42) (1.53) 7889) 7889) 7889)

2 476 441 4.18 3.79 N/A N/A N/A N/A N/A N/A N/A N/A N/A

(141) (151)  (146)  (L55)

3Phase 1: between May 11 and 12, 2020, in the final phase of thefirst state of emergency; phase 2: between February 24 and 28, 2021, in the final phase
of the second state of emergency.

bSI: social isolation.
°ng2: 0.010, small; 0.060, medium; 0.140, large.
dN/A: not applicable.
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Table 4. Differences and interactions between phases® and transition of Sl b with regard to stressors related to the mild lockdown.

Phase Mean score (SD) Effect of phase Effect of group Interaction
No  Improved Worsened Persistent P c P P
Sl S sl sl F (df) vaue NG2  F(df vaue nNe? F(df value NG?
Deterioration of household economy
1 355 3.70 3.78 381 119.88 <001 0.004 1653(3, <001 0005 0.31(3 .82 0.000
@7 @17 1.77) 1.77) (1, 7889) 7889) 7889)
2 327 341 3.49 3.56 N/Ad N/A N/A N/A N/A N/A N/A N/A N/A
(173) (1.65) (1.69) (1.76)
Deterioration of relationship with familiar people
1 209 251 2.33 253 63.22(1, <001 0003 4139(3, <.001 0.011 8.68(3, <.001 0.001
(142) (1.53) (1.44) (1.55) 7889) 7889) 7889)
2 234 260 2.67 2.61 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(153 (1.52) (1.55) (1.57)
Frustration
1 3.04 327 3.27 335 752(1, .01 0.000 20.07(3, <.001 0.006 2563, .05 0.000
(169 (1.73) (1.66) (1.76) 7889) 7889) 7889)
2 298 311 3.32 324 N/A N/A N/A N/A N/A N/A N/A N/A N/A
170 (1.67) (1.72) (1.74)
COVID-19-related anxiety
1 404 397 4.07 3.98 418.68 <.001 0.015 0.65(3, .58 0.000 1.46(3, 22 0.000
(166) (1.66) (1.64) (1.71) (1, 7889) 7889) 7889)
2 348 354 354 3.49 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(168) (1.63) (1.65) (1.71)
COVID-19-related deeplessness
1 233 255 257 2.50 457(1, .03 0.000 10.07(3, <.001 0.003 0.95(3, 42 0.000
(149 (1.54) (1.56) (1.52) 7889) 7889) 7889)
2 231 252 251 242 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(146) (1.56) (1.51) (1.48)
Difficulties owing to the lack of daily necessities
1 345 348 3.61 3.65 1037.98 <.001 0.046 5.91(3, <.001 0.001 4.41(3, .004  0.000
@7 (1.79) (1.84) (1.84) (1, 7889) 7889) 7889)
2 253 270 2.69 2.61 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(159 (1.62 (1.57) (1.58)
Difficultiesin work or schoolwork
1 364 3.65 3.79 3.56 746.47 <.001 0.028 4.43(3, .004 0001 293(3, .03 0.000
(201) (1.94) (1.95) (1.97) (1, 7889) 7889) 7889)
2 277 297 297 2.83 N/A N/A N/A N/A N/A N/A N/A N/A N/A
(174 (L78) (1.75) (1.75)

3Phase 1: between May 11 and 12, 2020, in thefinal phase of thefirst state of emergency; phase 2: between February 24 and 28, 2021, in thefinal phase

of the second state of emergency.

bS}: social isolation.

®ng2: 0.010, small; 0.060, medium; 0.140, large.
IN/A: not applicable.

Comprehensive | nteraction Structure between
Transition Pattern of Social Isolation and the
Psychosocial Variables

The results of nonparametric Bayesian coclustering are shown

in Figure 1 and Table 5. Clusters with more than 50% of the
data in a particular group and adjusted residuals greater than

https://publichealth.jmir.org/2022/3/e32694

RenderX

1.96 areclustersA, B, D, E, G, K, L, and N (Table 5, seevalues
initalics). Of these clusters, we describe next clustersin which
each variable had a notable feature (refer to red boxesin Figure
1). Multimedia Appendix 3 is a supplementary document
displaying a visualization of differences in scores among the
clusters.
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For cluster A (720/1309 [55.0%] no-SI group in Table 5),
healthy behaviors and attitudes, more online and offline
interactions, decreased deterioration of relationships (especially
in phase 1), and lower UCLA-LS3 and K-6 scores were
maintained throughout phases 1 and 2 (see red box in Figure 1,
cluster A).

For cluster B (661/1215 [54.4%)] persistent-Sl group in Table
5), the deterioration of relationships in phase 1 improved in
phase 2. In contrast, online interactions, common in phase 1,
decreased in phase 2 (seered box 1 in Figure 1, cluster B). The
high UCLA-LS3 and K-6 scores were not higher than the
average score throughout phases 1 and 2 (seered box 2 in Figure
1, cluster B).

Cluster D (725/947 [76.6%)] persistent-SI group in Table 5)
experienced deterioration of relationships, low online
interactions (see red box 3 in Figure 1, cluster D), and high
UCLA-LS3 and K-6 scores throughout phases 1 and 2 (seered
box 4 in Figure 1, cluster D).

Cluster E (534/847 [63.0%] persistent-SI group in Table 5)
experienced |ess deterioration of relationships and fewer online
interactions throughout phases 1 and 2. Their scores on the

Sugaya et a

UCLA-LS3 and K-6 were close to the mean scores of al
participants (see red box in Figure 1, cluster E).

Cluster K (106/193 [54.9%] no-SI group in Table 5) maintained
lower UCLA-LS3 and K-6 scores and high levels of onlineand
offline interactions throughout phases 1 and 2 (see red box in
Figure 1, bluster K).

Cluster L (100/171 [58.5%] no-SI group in Table 5) showed
healthy behaviors and attitudes and high levels of online and
offline interactions throughout phases 1 and 2. These
characteristicswere prominent, especially in cluster L. However,
they maintained lower UCLA-LS3 and K-6 scores and
deteriorated relationships, common in phase 1, and improved
in phase 2 (see red box in Figure 1, cluster L).

Cluster N (110/138 [79.7%)] persistent-SI group in Table 5)
maintained fewer healthy behaviors and attitudes, fewer online
and offlineinteractions, deterioration of relationships, and higher
UCLA-LS3 and K-6 scores throughout phases 1 and 2 (seered
box in Figure 1, cluster N).

In addition, we did not extract clusters for many improved-S|
or worsened-Sl| groups.

Figure 1. Comprehensive interaction structure of psychosocial variables associated with transition pattern of SI. The red boxes indicate variables with
notable features in each cluster. K6: Kessler Psychological Distress Scale-6; P1: phase 1; P2: phase 2; SI: social isolation; UCLA-LS3: University of

California, Los Angeles (UCLA) Loneliness Scale, Version 3.
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Table 5. Number and percentage of each cluster in each SI group.

Sugayaet a

Resultd Cluster
A B C D E F G H | J K L M N
Total, N 1309 1215 1070 947 847 650 466 266 251 219 193 171 151 138
No Sl
n (%) 720 282 272 96 175 192 93 96 61 46 106 100 54 3
(55.0) (232) (254) (10.1) (20.7) (295) (20.0) (36.1) (243) (21.0) (5490 (585 (358 (2.2
Adjusted residuals 226 49 28 137 -57 03 -45 26 -17 27 80 8.6 18 -7.0
Improved S|
n (%) 118 108 124 67 62 61 47 37 28 32 20 19 26 16
90 @19 (116 (71 (73) (94 (101) (139 (1120 (146) (104) (111) (1720 (116
Adjusted residuals -09 -1.0 23 29 25 03 03 24 0.8 25 0.3 0.6 32 0.8
Worsened Sl
n (%) 195 164 138 59 76 74 76 31 35 26 28 29 24 9
(149 (135 (129 (62 (900 (114 (163) (11.7) (1390 (119 (145 (170) (159 (6.5
Adjusted residuals 3.2 15 0.7 -60 30 -07 28 -03 09 -02 10 19 14 21
Persistent S|
n (%) 276 661 536 725 534 323 250 102 127 115 39 23 47 110
(21.1) (544) (50.1) (76.6) (63.0) (49.7) (53.6) (38.3) (50.6) (525) (20.2) (135) (3L1) (7M7)
Adjusted residuals —22.1 4.1 0.8 181 87 0.4 21 -35 05 11 81 94 44 713

8g): social isolation.

bCIustersA, B, D, E, G, K, L, and N had >50% of datain a particular group and adjusted residuals >1.96 (italicized vaues).

Discussion

Principal Findings

There were no improvements in social networks (the LSNS-6
score) and loneliness between the 2 emergency declarations,
although psychological distress significantly improved and
depression dightly decreased. This result may be because the
same number of people in the group who had no Sl problems
(LSNS-6 score<1?) in phase 1 but became socialy isolated
(LSNS-6 score<12) in phase 2 and vice versawereincluded in
the target population of this study. These groups were smaller
than the group whose Sl status remained unchanged. However,
we confirmed that the L SNS-6 score and the UCLA-L S3 score
observed at each time point tended to be lower and higher,
respectively, than in previous studies conducted during the
nonpandemic period; the mean score of the LSNS-6 was 16.2
points and that of UCLA-LS3 was 17.5 points [21,26].
Regarding the presence of Sl in the 2 periods under the
declaration of the state of emergency, 3868 (49%) of the 7893
participants remained socially isolated through both periods,
and 947 (12%) were socially isolated at the time of the second
declaration, even though they were not socially isolated at the
time of the first declaration. Approximately 4815 (61%) of the
7893 participants became socially isolated at the time of the
second declaration. At the same time, as a change in the
psychological scale described earlier, there were significant
decreases in online interactions with familiar people,
COVID-19-related anxiety, difficulties owing to the lack of
daily necessities, and difficulties in work or schoolwork.
Although various COVID-19-related life problems improved

https://publichealth.jmir.org/2022/3/e32694

and online connections decreased, which may correspond to the
lack of improvement only in Sl and loneliness. The comparisons
by transition patterns of Sl in these variables showed that
individuals with persistent S| had severe loneliness,
psychological distress, and depression; aworsened lifestyleand
stress management during the mild lockdown; and deteriorated
relationshipswith familiar people. Still, there were no significant
differences between the improved- and worsened-SI groups.
Additionally, there were no prominent interactions between
transition patterns of Sl and phases. Although variousindicators
changed across the participants, and various problems related
to persistent S| were observed, no characteristics of time series
changesin psychosocial variablesin aspecific transition pattern
of Sl were found.

Comparing the demographic data by transition patterns of S,
there were more unmarried or people without children with
persistent Sl. The persistent-SI group had fewer cohabitants
than other transition pattern groups. Thisresult isnot surprising,
since marital status and family structure are difficult to change.
However, this result indicates that the number of peoplein the
persistent-S| group is low, but also that there are few people
with whom they can talk about their problems or whom they
can ask for help. Therefore, this suggeststhat the mental health
of people with these demographic characteristics should be of
concern. In addition, more peoplein the low-income group had
persistent Sl, while more people in the high-income group had
no Sl or improved SI. At the time of the first emergency
declaration [15], our previous results reported that low
household incomeis associated with Sl. Furthermore, this study
indicated that among individuals who were socially isolated
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during thefirst emergency declaration, those with high incomes
experienced less Sl during the second declaration. However,
this was not seen in many people with low incomes.

In the nonparametric Bayesian coclustering, the primary focus
concerned clustersin which aparticular transition pattern of Sl
predominated. Most of the clusters with participants without S|
throughout phases 1 and 2 had hedthy behaviors, more
interactions, good relationships, and lower levels of loneliness
and psychological stress. Furthermore, the clusters in which
relationships deteriorated in phase 1 recovered in phase 2.
Comparatively, the clusters with Sl throughout phases 1 and 2
werefurther divided into clusterswith increased loneliness and
psychological stress and clusters close to the participants
average scoresin this study. Among these clusters, clusterswith
increased loneliness and psychological stress were notable for
deteriorating relationships and fewer onlineinteractions. These
results suggest that even if thetransition pattern of Sl issimilar,
mental health and lifestyles may differ; therefore, it may not be
appropriate to apply universal interventionsto peoplein astate
of continuous Sl. However, we did not detect any clusters in
which only participants with a particular transition pattern of
Sl were accounted for, and clusters with many improved-S| or
worsened-S| groupswere not extracted. Therefore, thetransition
pattern of SI may not have contributed much to the clustering
of participants in this study; thus, these results should be
interpreted with caution.

Asthis study and other previous studies have shown, Sl during
the COVID-19 pandemic has been severe; therefore, it should
be urgently addressed to protect people's mental health.
However, research on intervening in Sl or loneliness during the
pandemic has not been sufficiently conducted [40]. This study
showed various possible factors that contribute to Sl, and the
causal relationship between S| and these factors may not be
uniform. Thus, intervention methods will differ depending on
each person's Sl experience background. This study
demonstrates the necessity of careful assessment of the
psychological, social, and behavioral characteristics associated
with S| to evaluate the mechanismsof Sl in each individual and
intervene appropriately. Therefore, this study’s results will be
beneficial for developing intervention methods that fit the
characteristics of individualsfor thosewho are socially isolated
during a pandemic.

Limitations

This study had several limitations. First, we did not assess the
quality of relationships with relatives and friends. Even if the
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network size is small, mental health may be good if the quality
of the relationships is sufficient. Second, we did not exclude
peoplewho did not stay in amild lockdown for any reason (eg,
work) and people affected by COVID-19, and we could not
adjust for their effect on the results of the study. In the future,
it would be useful to investigate whether the participants were
in an environment affected by the mild lockdown or COVID-19.
Third, we collected the data for this study through an online
survey and could not conduct random sampling. Thus, we cannot
guarantee the sample's representativeness, which could not be
matched to the proportions of each age group and gender group
in each region. Additionally, populations registered with online
survey companies may be morewilling to participatein surveys
than nonregistered popul ations. They may have social networks
to obtain information about such survey cooperation. There may
be more people with severe Sl in the nonenrolled population
who could have different characteristics and need additional
support from the findings of this study. Fourth, the significant
differences between people who responded in phases 1 and 2
and people who responded only in phase 1 were indicated in
some sociodemographic characteristics and psychological
variables. Fifth, items on the treatment of psychological
problems and physical diseasesasked only about their presence
or absence, and the definition of these problems was |eft to the
participants. These differences may have caused a selection
bias. Therefore, it was up to the participants to decide whether
psychosomatic disorders, for example, were included in either

category.
Conclusion

Welongitudinally investigated thetransition of Sl and itsrelated
factors by surveying during the mild lockdown under Japan’'s
2 declared states of emergency. When the second declaration
occurred, more than half of the population was socially isolated.
Moreover, many people became socially isolated between the
first and second declarations, particularly low-income,
unmarried, or childless individuals. Among individuals with
persistent S, there were 2 groups. those whose mental health
was deteriorating and those whose mental health was not
deteriorating, with the former having more problems with
relationships and interactions. This study’s results emphasized
variables that should be evaluated explicitly in interventions
for Sl during a pandemic and may help develop more effective
intervention methods tailored to each person’s characteristics.
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