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Abstract

Background The aim of the study was to examine the mediating role of depressed and anxious mood in the relationship
between perceived social isolation and perceived sleep quality during the COVID-19 pandemic. We also aimed to investigate
the moderating role of psychological resilience in this mediation.

Methods A cross-sectional study of adults (18+ years old) was conducted using an online, multi-language, international
survey between March 31 and May 15, 2020. Simple and moderated mediation analyses were performed using the PROCESS
macro for SPSS, with perceived social isolation as an independent variable, change in perceived sleep quality (during vs.
before the COVID-19 pandemic) as a dependent variable, depressed and anxious mood (Patient Health Questionnaire-4,
PHQ-4) as a mediator, and resilience (Brief Resilience Scale, BRS) as a moderator.

Results A convenience sample of 3816 participants (2692 =female) from 94 countries (47.4% USA) met criteria for inclu-
sion in the analyses. Results showed that depressed and anxious mood mediated the relationship between perceived social
isolation and change in perceived sleep quality. This mediation was moderated by resilience; the indirect effect of perceived
social isolation on change in perceived sleep quality through depressed and anxious mood decreased as the level of resilience
increased (index of moderated mediation = 0.008, SE = 0.003, 95%CI [0.001; 0.014]).

Conclusions The study findings indicate benefits of psychological resilience in buffering negative effects of perceived isola-
tion, suggesting potential benefits of developing targeted strategies to enhance resilience during times of significant crises.
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Introduction

The world is facing a global health crisis unlike any since
the 1918 influenza pandemic. Since its emergence in Asia
late in 2019, coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), spread beyond countries’ borders, and officially
became a global pandemic [1]. The COVID-19 pandemic
is one of the worst pandemics declared by the World Health
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Organization (WHO) as a Public Health Emergency of
International Concern (PHEIC) [2]. As of July 12, 2020,
12,552,765 confirmed cases and 561,617 COVID-19 deaths
worldwide have been reported by the WHO [3]. In addition
to its economic and political impacts, the COVID-19 pan-
demic has affected individuals’ physical, mental, and social
wellbeing [4, 5].

In the absence of a vaccine to provide immunity against
SARS-CoV-2, non-pharmaceutical interventions remain the
pillars of infection prevention for COVID-19. For instance,
to reduce the spread of SARS-CoV-2, many countries have
implemented stay-at-home measures and reduced social inter-
actions [6]. Feelings of social isolation and loneliness may
increase in such circumstances, potentially adversely impact-
ing physical and mental wellbeing. Indeed, a recent study
conducted in Spain showed that levels of stress, anxiety, and
depression were more pronounced after the issuance of a stay-
at-home order and during a confinement period [7]. These
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findings are consistent with previous evidence linking social
isolation to depression and anxiety [8—10] and with previous
studies showing increases in anxiety, depression, and stress
levels among infected individuals, healthcare workers, and the
general population during previous Severe Acute Respiratory
Syndrome (SARS) outbreaks [11-14]. Recent observations
indicate similar negative outcomes during the COVID-19
pandemic [7, 15]. For instance, Czeisler et al. [16] found that
40.9% of respondents in a USA sample reported adverse men-
tal or behavioral health conditions and 30.9% reported symp-
toms of anxiety and depressive disorders during the COVID-
19 pandemic. Other recent studies conducted in the USA have
also shown an increase in the prevalence of depression during
the pandemic compared to before the pandemic [17, 18]. These
negative psychological states can have several consequences
and can negatively affect sleep [19, 20].

Sleep disturbances are associated with altered immune
functions [21-23], and enhancement of sleep quality during
an infection may benefit the immune system and promote
host defense [24, 25]. Therefore, it is important to under-
stand risk factors and protective factors of sleep quality
during infectious disease outbreaks, such as the COVID-19
pandemic.

Resilience, or “the ability to bounce back or recover
from stress” [26], is one factor that may buffer the impact
of pandemic-related isolation on negative moods and sleep.
Specifically, individuals who are resilient may be less likely
to experience negative outcomes that are associated with
isolation and loneliness, including depression and anxiety
symptoms as well as impaired sleep. In light of previous
studies documenting relationships between social isolation,
depression, anxiety, and sleep quality [8—10, 19, 27], we
sought to extend previous findings by examining a mod-
erated mediation model in which resilience moderates the
relationship between perceived social isolation (subjective
social isolation) and depressed/anxious mood as well as the
relationship between perceived social isolation and sleep
quality.

Based on research discussed earlier, we predicted a posi-
tive relationship between perceived social isolation and
depressed/anxious mood and a negative relationship between
depressed/anxious mood and perceived sleep quality. Fur-
thermore, we predicted that resilience would attenuate per-
ceived social isolation’s relationships with depressed/anx-
ious mood and perceived sleep quality.

Methods
Study Design and Participants

A cross-sectional descriptive study was conducted using
an online survey built within the Qualtrics © LLC survey
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software (co-headquarters in Provo, Utah, and Seattle,
Washington). In addition to an English language version,
7 other translated versions of the survey (French, Spanish,
Arabic, Italian, German, Russian, and Chinese) were availa-
ble online. When available, existing translations of validated
measures were used [28—40]; the consent form and remain-
ing items were translated from English by native speakers
of each language, and the content was verified by experts.
Each translation was subsequently checked and verified by a
second native speaker of the language. Links to the surveys
were distributed from March 31 to May 15, 2020, via email
circulation in professional and social groups (e.g., American
Psychosomatic Society, Society for Research on Nicotine
and Tobacco, National Institutes of Health, and University
of Minnesota) as well as via Facebook/Instagram and other
social media advertisements. The survey took approximately
15 min to complete, it was anonymous, and no incentive was
provided to respondents. The survey landing page consisted
of an electronic consent form, and this study was approved
by the University of Minnesota Institutional Review Board.
Participants were qualified for the study if they were 18 years
of age or older, which was confirmed at the start of the sur-
vey with a question regarding age.

Measures

Demographics: Participants responded to questions regard-
ing their age, sex at birth, level of schooling completed, mar-
ital status, employment status, country of residence, urban/
rural nature of their residence, and for residents of the USA,
race/ethnicity.

Perceived Social Isolation: Participants reported to what
extent they have felt socially isolated in the time since
COVID-19 began spreading; they were asked “In the time
since the coronavirus began spreading, to what extent have
you felt socially isolated.” The response scale ranged from
0to 5 (0 = not at all; 1 = slightly; 2 = somewhat; 3 = mod-
erately; 4 = quite a bit; 5 = a lot). This item was written for
the purpose of the survey because it is face-valid.

Depressed and anxious mood: Participants also completed
the 4-item Patient Health Questionnaire (PHQ-4) [41]. The
instructions of the questionnaire were adjusted to ask about
respondents’ feelings related to depression and anxiety in the
time since COVID-19 began spreading. PHQ-4 scores range
from O to 12, and Cronbach’s alpha was 0.87.

Perceived sleep quality: Respondents were asked about
their average sleep quality (perceived restfulness) both
in the time since COVID-19 began spreading as well as
before the virus began spreading. Specifically, partici-
pants were asked “In the time since the coronavirus began
spreading, on average, how restful would you say your
sleep has been?” and “Thinking back to before the corona-
virus began spreading, on average, how restful would you
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say your sleep was?” Response scales ranged from O to 3
(0 = not at all; 1 = somewhat; 2 = moderately; 3 = very
much). These items were written for the purpose of the
survey because they are face-valid.

Resilience: Resilience was measured using the Brief
Resilience Scale [26], a 6-item measure designed to assess
the ability to bounce back or recover from stress. Items
were rated on a 5-point Likert scale that ranged from 1 to
5 and were averaged to create a total score, with higher
scores indicating greater resilience. Cronbach’s alpha for
this measure was 0.85.

Data Management and Statistical Analysis

Data were examined and verified according to standard
scientific procedures. Only participants who responded to
the two questions about sleep quality were included in this
analysis. Prior to analysis, we created a variable to repre-
sent “change in perceived sleep quality,” which consisted
of the difference between perceived sleep quality since the
spread of COVID-19 and perceived sleep quality before

COVID-19 (perceived sleep quality before COVID-19 was
subtracted from perceived sleep quality since the spread of
the virus). This variable served as our dependent variable;
scores ranged from — 3 to+ 3. Negative change scores
indicate decreases in perceived sleep quality, and positive
change scores indicate increases in perceived sleep quality
since the start of the spread of the virus.

Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) version 23.0.
Descriptive data are presented as counts, percentages,
means (m), and standard deviations (SD). Paired ¢ test
was used to compare perceived sleep quality before and
after the spread of COVID-19. Pearson’s correlation coef-
ficients () were used to examine the observed correla-
tions between our independent variable (X = Perceived
social isolation), our proposed mediator (M = Depressed
and anxious mood), our moderator (W = Resilience), and
our dependent variable (Y = Change in perceived sleep
quality).

Simple mediation and moderated mediation models
(Fig. 1) were tested using models 4 (simple mediation)
and 8 (first stage and direct moderated mediation) of

Fig. 1 Simple mediation (a),
first stage and direct moder-

ated mediation (b) models. X
perceived social isolation, M
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Hayes” PROCESS macro (version 3.5) [42], with 10,000
bias-corrected bootstrap samples. A p = 0.05 was set as
the critical level of significance. Indices of the indirect
effect and of moderated mediation were considered sta-
tistically significant if the 95% confidence interval (95%
CI), estimated using bootstrap method, did not include
zero. Significant moderation effects were probed at the
mean and at one standard deviation above and below the
mean of the moderator (resilience).

Results
Sample Characteristics

Respondents completed the survey between March 31 and
May 15, 2020. The final sample of respondents included
3816 individuals. They were from 94 different coun-
tries and two-thirds of respondents lived in urban areas
(n = 2502). Their mean age was 38.6 (SD = 14) years.
The main participant characteristics are summarized in
Tables 1 and 2.

Change in Perceived Sleep Quality and Its
Correlations with Perceived Social Isolation,
Depressed and Anxious Mood, and Resilience

As seen in Table 2, sleep was perceived as less rest-
ful since the spread of COVID-19 (r = -25.4, df = 3815,
p < 0.001). Compared with their perceived sleep qual-
ity before the pandemic, 40% (n = 1527) of respond-
ents reported perceiving lower sleep quality and 12%
(n = 459) reported perceiving higher sleep quality dur-
ing the pandemic. Pearson’s correlations among the
focal variables in the model are summarized in Table 3.
Change in perceived sleep quality was negatively cor-
related with perceived social isolation (r = — 0.13,
p < 0.001) and with depressed and anxious mood
(r = — 0.33, p < 0.001). Change in perceived sleep
quality was also positively correlated with resilience
(r=20.14, p < 0.001).

Simple and Moderated Mediation Analyses

Figure 2 summarizes the results from the simple medi-
ation model. As can be seen in Fig. 2, higher levels of
perceived social isolation were associated with poorer
perceived sleep quality during the pandemic compared to
sleep quality before the pandemic, and this relationship
was mediated by depressed and anxious mood.

@ Springer

Table 1 Main socio-demographic characteristics of the study partici-
pants

Number  Percent
Sex (n = 3808)
Male 1101 28.9
Female 2692 70.7
Other 15 0.4
Country of residence * (n = 3803)
USA 1803 474
Germany 277 7.3
India 241 6.3
Tunisia 201 53
Race (for USA residents) (n = 1789)
White 1687 94.3
Non-white 102 5.7
Marital status (n = 3763)
Never married 1569 41.7
Married 1874 49.8
Married but separated 50 1.3
Divorced and not remarried 241 6.4
Widowed and not remarried 29 0.8
Rural or urban nature of residence ® (n = 3775)
Urban area 2502 66.3
Urban cluster 973 25.8
Rural area 300 7.9
Education level (n = 3775)
Primary school 19 0.5
Lower secondary school 44 1.2
Upper secondary school 391 10.3
Post-secondary/Tertiary school 3321 88.0
Current employment status (n = 3747)
Employed (Full- or Part-time) 2547 68.0
Student 648 17.3
Retired 196 52
Unemployed 356 9.5
Has a chronic health condition® (n = 3774) 1138 31.3
Survey language (n = 3816)
English 2525 66.2
German 304 8
Arabic 302 7.9
European Spanish 262 6.9
French 213 5.6
Italian 98 2.6
Russian 92 2.4
Chinese 20 0.5

The number of valid responses for a variable is provided in parenthe-
ses. All percentages were calculated as percent of valid responses for
the variable in question

USA United States of America

#Countries accounting for> 5% of respondents

®Urban area: population more than 50,000, urban cluster: population
between 2500 and 50,000, rural area: population less than 2500
“Responded “yes” to the dichotomous item “Do you have any chronic
mental or physical health conditions?”
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Table 2 De.scriptions of the n Mean SD Range
dependent, independent,
mec'iiator, and moderator Perceived social isolation 3814 2.2 1.7 0-5
variables Depressed and anxious mood (PHQ-4%) 3809 4.4 34 0-12
Perceived sleep quality before the spread of SARS-CoV-2° 3816 2.0 0.8 0-3
Perceived sleep quality in the time since SARS-CoV-2 began 3816 1.5 0.9 0-3
spreading
Change in perceived sleep quality® 3816 -04 1.0 —-3to+3
Resilience (BRSY) 3792 34 0.8 1-5

For PHQ-4 and BRS, existing translations of validated measures were used when available
N number of respondents, SD standard deviation, Range observed range in the sample
4PHQ-4 4-item Patient Health Questionnaire (41)

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2

“Change in perceived sleep quality perceived sleep quality since the spread of the virus minus perceived
sleep quality before the spread of the virus, “BRS Brief Resilience Scale (26)

Results from the moderated mediation model are pre-
sented in Table 4. Consistent with our prediction, resil-
ience moderated the mediating role of depressed and anx-
ious mood in the relationship between perceived social
isolation and perceived sleep quality. The indirect effect
of perceived social isolation on change in perceived sleep
quality through depressed and anxious mood decreased
as the level of resilience increased (index of moderated
mediation = 0.008, SE = 0.003, 95%CI [0.001; 0.014]).
As summarized in Table 4, the conditional indirect effect
was significantly different from zero for all levels of
resilience, and it was stronger for those with low levels
of resilience compared with those with high levels of
resilience (— 0.052, bootstrapped SE = 0.005 vs — 0.040,
bootstrapped SE = 0.004).

Discussion

We found that greater perceived social isolation was asso-
ciated with poorer perceived sleep quality during the
COVID-19 pandemic, and this relationship was mediated
by depressed and anxious mood. Furthermore, we found that
resilience serves as a protective (moderating) factor in these
relationships. These results extend previous research linking
subjective and objective social isolation with negative mood
[8-10, 43] and studies linking negative mood with sleep
impairments [19, 20, 44].

Considering the positive correlation between objective
and subjective social isolation [43], it is possible that the
social distancing advised during the COVID-19 pandemic
contributed to an increased sense of perceived isolation

Table 3 Pearson’s correlations between perceived social isolation, depressed and anxious mood, perceived sleep quality, and resilience

(CORN®)) 3 C)] Q)] (©)
Perceived social isolation 1 0.31%* —0.13*%* (n=3814) —0.20**(=3790) —0.03(n=3814) —0.17** (n=3814)
(n=3807)
Depressed and anxious mood 1 —0.33** (n =3809) —0.49%* (n=3786) 0.00 (n =3809) — 0.37** (n=3809)
(PHQ-4?)
Change in perceived sleep qualityh 1 0.14%* (n =3792) — 0.51*%* (n =3816) 0.67** (n =3816)

Resilience (BRS®)
Perceived sleep quality before the
spread of SARS-CoV-2

Perceived sleep quality in the
time since SARS-CoV-2 began
spreading

1 0.06%* (n = 3792) 0.21** (n = 3792)
1 0.29%* (n = 3816)

*PHQ-4 4-item Patient Health Questionnaire (41)

®Change in perceived sleep quality perceived sleep quality since the spread of the virus minus perceived sleep quality before the spread of the

virus
°BRS Brief Resilience Scale (26)
**p < 0.001
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a=0.63***

Depressed/Anxious
Mood (PHQ-4)

b = -0.09%**

Perceived Social c=-0.08*** Change in Perceived
N .
Isolation o= 0.02 > Sleep Quality
ab =-0.06

[95% CI =-0.07, - 0.05]

Fig.2 Simple mediation model: Indirect effect of perceived social
isolation on change in perceived sleep quality through depressed and
anxious mood during the COVID-19 pandemic (n = 3807). PHQO-

[45]. These perceptions may increase depressed and anx-
ious symptomology [46, 47] as well as cause alterations in
rhythm and daily routine, both biologically and behaviorally
[48, 49]. These outcomes may subsequently impact sleep
quality and duration [50]. Therefore, minimizing feelings of
isolation, depression, and anxiety by improving social inter-
action and support without jeopardizing safety may be one

4 4-item Patient Health Questionnaire (41); = p < 0.0001; 95% CI
(confidence interval) obtained using bootstrap method

way to minimize negative effects of the pandemic. Findings
from previous studies indicate that higher levels of social
capital are associated with decreased anxiety and depression
levels [51] and with improved physical and mental health
[27, 52]. Similar recent findings were also reported in the
context of the COVID-19 pandemic [53]. Mindfulness-based
interventions are another potentially promising avenue for

Table 4 Moderated mediation

Effect (coefficient label) B SE t p 95% LLCI 95% ULCI
model results (n = 3784)

X->M (a,) 0.72 0.11 6.24 < 0.0001 0.49 0.94
W->M (a,) - 175 0.10 —-17.96 <0.0001 - 1.95 - 1.56
X*W->M(as) —-0.08 0.03 —-2.30 0.02 -0.14 —-0.01
M->Y (b) —0.10 0.005 - 18.89 <0.0001 —0.11 —0.09
X->Y(c") —-0.02 0.04 -049 0.62 - 0.09 0.05
W->Y(cy) —-0.04 0.03 -130 0.19 - 0.11 0.02
X*W->Y(c'5) 0.0005 0.01 0.04 0.96 -0.02 0.02
Conditional direct effect®

Low level of resilience —0.017 0.01 - 1.37 0.17 —0.042 0.007

Mean level of resilience —0.017 0.01 - 176 0.08 —0.036 0.002

High level of resilience —0.016 0.01 -123 022 —0.043 0.010

[} Boot SE Boot 95% LLCI Boot 95% ULCI

Conditional indirect effect®

Low level of resilience —0.052 0.005 —0.062 —0.042

Mean level of resilience —0.046 0.004 —0.054 —0.038

High level of resilience —0.040 0.004 —0.048 —0.031
Index of moderated mediation 0.008  0.003 0.001 0.014

When relevant, the labels used to identify model coefficients in the statistical diagram depicted in Fig. 1b
are included within parentheses in column 1

X perceived social isolation, M depressed and anxious mood, W resilience, ¥ change in perceived sleep
quality, SE standard error, ¢ Student’s ¢ value, p Student’s test p value, LLCI lower limit confidence interval,
ULCI upper limit confidence interval, Boot bootstrap

“Effects were probed at the mean (3.4, mean), at one standard deviation above the mean (4.2, high level),
and at one standard deviation below the mean (2.6, low level) of the moderator (resilience)
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consideration, as studies have found that mindfulness inter-
ventions can reduce feelings of depression and anxiety [54,
55].

Our finding that resilience serves as a moderator high-
lights another promising area for targeted interventions. In
fact, the results suggest that individuals who are low in resil-
ience may be especially at-risk for depressed and anxious
mood as well as sleep impairments. The protective role of
resilience against negative affect has been addressed in many
studies [56-58], and resilience interventions have shown
their effectiveness in reducing stress, depression, and anxi-
ety [59, 60]. Given our finding that negative moods predict
poorer sleep quality, combined with research documenting a
relationship between sleep quality and immune functioning
[61], protecting individuals from elevated negative moods
may be particularly important during a pandemic. In the con-
text of COVID-19, healthy immune functioning is important
for staving-off negative health consequences of the virus,
and interventions focusing on boosting resilience may indi-
rectly enhance individuals’ psychological (mood) and physi-
cal (immune system) health both during the pandemic as
well as in the face of other stressful life events.

Though the results of this study are meaningful and novel,
we should point-out some limitations. First, the conveni-
ence sample may limit generalizability of the study results.
Second, the cross-sectional design of this study cannot
rule-out alternative causal directions in the relationships
among variables in our models. Although there is poten-
tial for levels of perceived isolation, negative mood, and/
or perceived sleep quality to change over-time and across
countries as the spread of COVID-19 and mitigation policies
evolve, we expect that the theoretical relationships that we
predicted and observed would hold across time and place.
Third, perceived sleep quality was reported retrospectively,
and current mood or “rosy retrospection” [62] may have
biased perceptions of former (pre-COVID-19) sleep qual-
ity. In addition, the self-reported nature of our sleep quality
assessment limits our findings to subjective sleep quality.
Finally, although the items were face-valid, this study used
unvalidated single-item measures to assess perceived sleep
quality and perceived social isolation; therefore, results
should be interpreted with caution. Future replication stud-
ies with multi-item validated measures and cohort studies
with more objective assessments should be performed to
deepen our understanding of how sleep may be influenced
by perceived isolation and negative moods. Despite these
limitations, this study was among the first to be launched
to capture the nature of individuals’ experiences during the
COVID-19 pandemic; therefore, it provides time-sensitive
observations during the pandemic’s global escalation. Fur-
thermore, the experiences (perceived isolation, negative
mood, poor sleep quality) and protective factors (resilience)

examined in this study are relevant and extend well beyond
the context of the COVID-19 pandemic.

In conclusion, the current study is among the first to
examine the role of resilience in moderating the relation-
ships among feelings of isolation, depressed and anxious
mood, and perceived sleep quality. We found that greater
perceived social isolation was associated with elevated
depressed and anxious mood and with lower perceived
sleep quality. Moreover, we found that individuals with
higher levels of psychological resilience are less at-risk
of experiencing these negative outcomes. These findings
suggest that interventions focusing on improving and pro-
moting resilience and social support may help to reduce
deleterious mental and physical health consequences of
feeling socially isolated.
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