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Abstract

The need for physical distancing due to COVID-19 mitigation efforts forced prolonged social

isolation, which may affect sleep and lead to mental health problems. Previous research has

shown that young adults are particularly vulnerable to psychological stress caused by social

isolation, the negative psychological impact of the pandemic, and greater frequency and

severity of sleep problems. Therefore, the main goal of the present study was to examine

whether insomnia could constitute a mediation mechanism that explains the relationship

between social isolation experienced during the COVID-19 pandemic and mental health out-

comes (depression and anxiety) reported up to 1.5 years later. The study was conducted

among young (M±SD; 24.08±3.75) men (N = 1025) in Poland. Data were collected by

means of self-report questionnaires, including The Social Isolation Index, The Athens

Insomnia Scale, The State-Trait Anxiety Inventory (STAI-S) and Beck’s Depression Inven-

tory (BDI-II). The results show that insomnia mediates the relationships between social iso-

lation and both anxiety and depression. The current findings emphasize the role of insomnia

in the relationships between social isolation experienced during COVID-19 and negative

emotional states. From a clinical perspective, the results suggest that implementing thera-

peutic components that address social isolation in insomnia treatment programs may pre-

vent the development of depression and anxiety symptoms among young men.

Introduction

Next to climate change, depletion of natural resources, and wars, the COVID-19 pandemic

negatively affects our mental health and is one of the greatest challenges of our time [1]. Daily

worries related to these 21st-century issues are concerning in terms of the psychological mal-

adjustment and impaired well-being of those who experience individual distress.
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In the wake of the declaration of the COVID-19 pandemic, social isolation and lockdown

[2] were some of the main concerns due to their potentially dangerous consequences, such as

the likelihood of developing symptoms of depression and/or anxiety [3, 4]. To prevent trans-

mission of the virus and limit the outbreak, governments and public health systems adopted

extraordinary measures, which changed the daily routines and social relationships of millions

of people. In March 2020, the Polish government declared a state of epidemic threat through-

out the country [5]. This was followed by a series of regulations and restrictions, including the

closure of schools, universities, cultural institutions, restaurants, and non-essential shops. The

lockdown regulations also included a ban on gatherings of more than two people, a require-

ment for people to cover their mouths and noses in public places, and a limit on the number of

people allowed in shops and on public transport. There were also restrictions on international

travel, with borders closed to non-essential travel and mandatory quarantine for those arriving

from outside the country.

The restraint strategies in response to the global COVID-19 pandemic have impacted vari-

ous lifestyle habits, such as social relationships, mobility, and sleep, with implications for men-

tal health [6–10]. The need for physical distancing due to these coronavirus mitigation efforts

forced the prolonged social isolation and loneliness of both young and old adults [11]. Social

isolation is an objective state marked by little or infrequent social contact, while loneliness is

the subjective feeling of social isolation, often defined as the discrepancy between the actual

and desired level of social connection [12]. Both, social isolation and loneliness are related con-

structs that denote a degree of social disconnection.

Social isolation, as a source of stress, can affect sleep [13]. Stressors play a crucial role in the

pathogenesis of sleep disturbances [14]. During times of stress, existing sleep problems may

increase and new ones may emerge [15]. The COVID-19 pandemic became a major stressor

for millions of people, with some researchers suggesting that it could even be a source of trau-

matic stress [16]. Thus, the escalation of sleep problems such as insomnia is considered a com-

mon negative consequence of the stress evoked by the pandemic [17]. Given the high rates of

acute insomnia associated with the COVID-19 pandemic, which has proved to be a precursor

of psychiatric disorders [18], individuals who develop sleep disturbances during COVID-19

may be at greater risk of long-term detrimental consequences. Recently, Morin et al. [19], doc-

umented the prevalence of clinical cases of insomnia (36.7%), anxiety (25.6%), and depression

(23.1%) during the COVID-19 pandemic in 13 countries throughout the world. The study

showed that the risk of insomnia was higher among younger age groups and among partici-

pants who were living alone and were thus socially isolated. These data suggest that stressful

life events (such as social isolation) may play–particularly in a group of young adults–a crucial

role in the pathogenesis of insomnia, which leads to anxiety and depression. Thus, describing

the mechanisms of the relationships between psychological distress caused by social isolation

and insomnia and mental health problems may be beneficial for both scientific purposes as

well as educational and therapeutic interventions.

Understanding these associations in young adults is uniquely important. Research con-

ducted during the COVID-19 pandemic showed that nearly half of people between the ages of

19 and 29 years have reported feeling symptoms of anxiety or depression at a significantly

higher rate compared to other age groups [20]. Younger age predicted not only a negative psy-

chological impact of the COVID-19 pandemic but also greater frequency and severity of sleep

problems [17]. Additionally, according to Beam and Kim [21], young adults are particularly

vulnerable to psychological distress caused by social isolation; in comparison to other popula-

tions, they are far more likely to seek intervention due to the psychological effects of self-isola-

tion and loneliness. Finally, compared to women, young men are especially prone to

experiencing a feeling of solitariness and higher levels of emotional distancing [22]. Young
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men reported higher levels of loneliness during the COVID-19 pandemic than young women,

and this was associated with worse psychological and physiological outcomes [23]. Although

women are more concerned about the negative health consequences of COVID-19, young

men are more likely to experience such consequences [24].

Overall, while there is not a large body of research on this specific topic, the available evi-

dence suggests that young men may have had a harder time coping with COVID-19-related

isolation than women. The aim of the study was to examine the relationship between lock-

down-related social isolation, insomnia, and mental health problems in the young male popu-

lation in Poland.

It should be underlined that insomnia is both a common symptom of and risk factor for a

range of psychiatric disorders, including anxiety and mood disorders. Thus, although the rela-

tionship between sleep problems and mood disorders is complex and likely bi-directional,

sleep problems precede depression to some extent [25]. Thus, we hypothesize that insomnia

mediates the relationship between the stress of experienced social isolation during the

COVID-19 pandemic and negative outcomes such as depression and anxiety among young

male adults.

Participants

The data were gathered in January 2022 in Poland. The research was conducted with the use of

a professional research panel that has access to a total sample of 280 000 respondents, includ-

ing 32 000 young male respondents (18–30 years old), from which the study sample was ran-

domly selected. The calculation of the sample size was based on the following assumptions: a

95% (0.95) confidence level and a fraction size of 0.5 with a maximum estimation error of 4%.

The reference population was 2 691 189. One thousand and twenty five male respondents (age:

M = 24.08; SD = 3.75) participated in a voluntary web-based study. Table 1 contains the socio-

demographic characteristics of the study participants.

Table 1. Sociodemographic characteristics of the male study participants (N = 1025).

Variable N (%) of participants

Age

18–23 years 461 (44.97)

24–30 years 564 (55.02)

Education

Low level 168 (16.39)

Medium level 560 (54.63)

High Level 297 (28.97)

Marital status

Single 570 (55.61)

Informal relationships 300 (29.27)

Married 147 (14.34)

Widow 2 (0.20)

Divorced 6 (0.59)

Locality

Urban 773 (75.41)

Rural 252 (24.59)

https://doi.org/10.1371/journal.pone.0285797.t001
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Methods

The current study focused on the construct of social isolation. A social isolation index was con-

structed from three questions; this index is the same as the social isolation index used by UK

Biobank [26]. The questions were translated into Polish with the use of a back-translation pro-

cedure. The participants were asked to answer questions related to social isolation in the

March–May 2020 period.

Question 1: “Including yourself, how many people were living together in your household

during the LOCKDOWN due to the COVID-19 pandemic (March–May 2020)?” (1 point was

given for living alone).

Question 2: “How often did you visit friends or family or had them visit you during the

LOCKDOWN due to the COVID-19 pandemic (March–May 2020)?” (1 point was given for

answering about once a month, once every few months, never or almost never, or no friends

or family outside household);

Question 3: “Which of the following (sports club or gym, pub or social club, religious

group, adult education class, other group activity) did you engage in once a week or more dur-

ing the LOCKDOWN due to the COVID-19 pandemic (March–May 2020)?” (1 point was

given for answering none of the above).

Individual scores were summed to calculate an overall score ranging from 0 to 3.

Insomnia was measured by the Polish version [27] of the 8-item Athens Insomnia Scale

[28], which measures the severity of insomnia based on the ICD-10 criteria (e.g., "Awakenings

during the night"; α = .82). Items are rated on a 4-point scale (from "no problem at all’’ to "very

serious problem").

Depression

As is consistent with the original version of BDI-II [29], the Polish version [30] contains 21

items on a 4-point scale from 0 (symptom absent) to 3 (severe symptoms) and is a 21-item

self-report inventory for evaluating the severity of depression in normal (α = .91) and clinical

populations (α = .93). It assesses depressive symptoms within the preceding week, with high

scores reflecting greater severity of depressed mood. Total scores range from 0 to 63.

Anxiety

The Polish version [31] of the State-Trait Anxiety Inventory [32], was used to determine state

of anxiety. STAI-S is a 20-item questionnaire, most frequently used for measuring the state of

anxiety in psychological research studies due to its psychometric properties (α = 0.94).

All participants were treated in accordance with the ethical guidelines of the Helsinki Decla-

ration. The participants were provided with information about the aim of the study; they pro-

vided their written informed consent to participate and were informed about the possibility of

withdrawing from the study at any stage. The study was accepted by the Research Ethics Com-

mittee of the Institute of Applied Psychology, Jagiellonian University. All data were anon-

ymized and are used in aggregate; no personal identifiers are reported.

Results

Data were analyzed using SPSS v.26 and AMOS v.26.

Relevant tests were carried out to examine the probable existence of multicollinearity. The

degree of multicollinearity of the study variables was found to be acceptable, with all tolerance

values shown to be higher than 0.96, and the VIF values are lower than 1.01.

Table 2 shows descriptive statistics and intercorrelations among the study variables.
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Social isolation was correlated with insomnia (r = .07, p < .05) and both depression (r =

.14, p< .01) and anxiety (r = .16, p< .01). Additionally, insomnia correlated with depression

(r = .65, p< .01) and anxiety (r = .60, p< .01).

Over 40% of participants reported above-normal depression symptoms; 49.36% reported

above-normal anxiety symptoms; and 55.9% reported above-normal insomnia. Moreover,

42.63% of participants reported severe isolation, and some had experienced severe levels of

depression (11.7%), anxiety (49.36%) and insomnia (4.39%) during the COVID-19 pandemic

(Table 3).

The significant correlations between isolation, insomnia, depression and anxiety (Table 2)

enabled the following mediation models to be tested:

1. the mediating role of insomnia on associations between isolation and depression;

2. the mediating role of insomnia on associations between isolation and anxiety.

The direct and indirect (via the mediator) effects of isolation on depression and anxiety

were calculated using a bootstrap estimation technique with 1,000 samples. If the confidence

intervals did not include zero for an indirect effect, results were considered significant.

All analyzed indirect effects were significant (Table 4). Insomnia mediated the effect of iso-

lation on depression and anxiety. The indirect-to-total effect ratios show that insomnia

explained (1) 32% of the relationship between isolation and depression, and (2) 41% of the

relationship between isolation and anxiety.

Discussion

Although COVID-19-related restrictions are legitimate under a time of global crisis, they can

lead to social isolation, which in turn has a large negative effect on the mental health of older

adults [33], and it has an even larger effect on adolescent and young adult populations [21].

The strongest association between social isolation and mental illness was between depression

and anxiety, a finding that was consistent across studies of adolescents and young adults [34].

Moreover, sleep problems were associated with anxiety and depression among individuals

Table 2. Descriptive statistics of the variables and correlations between social isolation, insomnia, depression and anxiety (N = 1025).

Variable M SD Correlation

1 2 3 4

1. social isolation 1.26 .82 – .07* .14** .16**
2. insomnia 7.01 4.71 – .65** .60**
3. depression 13.14 11.47 – .71**
4. anxiety 43.61 11.81 –

*p < 0.05

** p <0.01.

https://doi.org/10.1371/journal.pone.0285797.t002

Table 3. Levels of social isolation, insomnia, depression and anxiety symptoms (N = 1025).

Social isolation Participants (%) Insomnia Participants (%) Depression Participants (%) Anxiety Participants (%)

0–least 20.48 0–5 normal 44.09 0–13 minimal 59.14 20–30 low 15.41

1–moderately 36.87 6–9 mild 27.41 14–19 mild 14.43 31–43 average 35.22

2–3 most 42.63 10–15 moderate 24.09 20–28 moderate 14.73 44–80 high 49.36

16–24 severe 4.39 29–63 severe 11.70

https://doi.org/10.1371/journal.pone.0285797.t003
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who self-isolated during the pandemic [35, 36]. Thus, in line with previous research conducted

during the COVID-19 pandemic, we focused on analyzing the relationship between social iso-

lation experienced in times of pandemic, insomnia, anxiety, and depression among young

men.

As reported by respondents during the COVID-19 pandemic, we found that 20.48% experi-

enced mild social isolation, 36.87% experienced moderate isolation, and 42.63% experienced

severe isolation. In pre-pandemic research among men, Smith et al. [26] reported that 44%

had experienced mild social isolation, 40.1% had experienced moderate isolation, and 15.9%

had experienced severe social isolation, but severe isolation during the COVID-19 pandemic

reached even higher levels than this.

We found a tendency of increased insomnia, depression and anxiety levels, which is congru-

ent with a recent pandemic study by Morin et al. [19]. We analyzed the interrelationships

between the described constructs; as a result, we connected four variables: social isolation pre-

dicted insomnia, which in turn predicted higher depression and anxiety. However, it should be

emphasized that the correlation between retrospectively measured social isolation and currently

reported insomnia is relatively low (0.07) but still significant and congruent with previous find-

ings, thus showing that people who experience social isolation develop insomnia, which, in

turn, is an important predictor of mental disorders, including anxiety disorders and depression

[37]. Moreover, as was shown in previous research [38], even periods of isolation that last less

than 10 days can have long-term effects, and psychiatric symptoms can persist for up to 3 years.

Thus, we have shown that the social isolation experienced during the COVID-19 lockdown

might have consequences 1.5 years later in the form of insomnia and further disorders, such as

depression and anxiety. To the best of our knowledge, this is the first investigation to present a

meditation mechanism of insomnia that explains the relationship between the stress of experi-

enced social isolation during the COVID-19 pandemic and both depression and anxiety among

young male adults. These data suggest that stressful conditions related to social isolation as a

result of the pandemic may induce mental health disturbances through insomnia.

One possible interpretation for the link between social isolation, insomnia, depression, and

anxiety may be the shared biological mechanism of activation of the hypothalamic-pituitary-

adrenal (HPA) axis. Human and animal investigations of neuroendocrine stress mechanisms

suggest that social isolation increases activation of the HPA axis [39]. Similarly, dysfunction of

the HPA axis is implicated in the pathogenesis of insomnia [40], which has been considered a

physiological “hyperarousal” disorder, reflected by HPA axis activation [41]. Moreover,

research findings point to the possibility of HPA axis overactivity in insomnia and both

depression [42] and anxiety [43]. Thus, stressful life events such as social isolation make indi-

viduals more vulnerable to insomnia [44] via activation of the HPA axis, which increases the

likelihood of anxiety and depression [45].

Table 4. Effects of isolation on depression and anxiety mediated by insomnia.

Dependent variable Effect 95% CI indirect/total ratio

IV on M M on DV direct: IV on DV total: IV on DV indirect: IV on DV via M

Depression .07* .65* .10** .14** .045* .005–.089 .32

Anxiety .07* .60** .12** .10** .041* .006–.081 .41

IV–independent variable; DV–dependent variable; M–mediator; CI–confidence intervals; indirect/total ratio–ratio of the indirect effect to total effect (c0) indicating a

magnitude of mediated effect.

*p < 0.05

** p <0.01.

https://doi.org/10.1371/journal.pone.0285797.t004
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The role of insomnia in the relationship between social isolation and a higher risk of

depression and anxiety has important clinical implications. It has previously been suggested

that treating insomnia might alleviate many mental health problems; furthermore, addressing

sleep disturbances at their earliest stages might in fact prevent the onset of some clinical mental

health disorders [46].

Thus, from a clinical perspective, the present findings suggest that addressing social con-

nectedness could contribute to reducing stress [47] and preventing the development of depres-

sion and anxiety [48]. Implementing therapeutic components in insomnia treatment

programs, such as social skills training, would be useful to enhance social connectedness.

Additionally, emphasizing treatment modalities such as enhancing social support, increasing

opportunities for social contact, and addressing maladaptive social cognition [49] could help

reduce social isolation and diminish the prevalence of insomnia, anxiety and depression

among young men.

The impact of COVID-19-related isolation on mental health is complex and multifactorial,

and it is important to consider potential co-existing factors that may affect it. Other 21st-cen-

tury challenges, like climate change-related disasters, economic downturns, and political insta-

bility may all influence the relationship between isolation and mental health [1]. However, it is

also possible that COVID-19 isolation due to lockdown may have a unique mental health

impact that requires targeted treatment [50, 51]. Therefore, in order to provide effective sup-

port and resources to those in need, public health interventions aimed at mitigating the nega-

tive effects of isolation on mental health should take into account not only the specific cause of

isolation but also the confounding factors.

The study’s findings suggest several future prospects for public health interventions aimed

at mitigating the negative mental health effects of COVID-19-related isolation. Mental health

screening protocols could be updated to include questions about sleep quality and insomnia as

these factors may be important indicators of an individual’s wellbeing after periods of isola-

tion. The study highlights the critical role that sleep plays in mental health. Public health cam-

paigns and educational initiatives could be developed to increase awareness of the importance

of sleep and the negative effects of poor sleep quality on mental health, especially among

young men. The importance of social connections among young people must also be taken

into account since young adults experienced more negative effects of isolation on mental

health than older ones [52, 53]. Future studies and social policies should consider age differ-

ences in order to offer an approach that is tailored to the specific needs of each age group. By

promoting mental health screening, targeting insomnia, and raising awareness of the impor-

tance of sleep, public health efforts could help prevent and treat depression and anxiety result-

ing from periods of isolation, especially among young men.

The present study has several limitations. First, the data is correlational in nature. Although

we argue that social isolation (measured in a retrospective manner) precedes insomnia,

depression and anxiety (measured 1.5 years after the analyzed period of lockdown), all vari-

ables were assessed at the same time and causal claims cannot be made without further longi-

tudinal research. Thus, using a longitudinal design in future research may be adequate to

assess the causal relationship between social isolation, insomnia, anxiety, and depression.

Secondly, the retrospective assessment of social isolation might have introduced some

memory bias. It is well known that respondents tend to give less accurate answers when asked

about the past than when asked about the present. Thus, being aware of the drawbacks and

limitations of a retrospective survey related to the COVID-19 pandemic, we have tried to

reduce the memory bias by following [54], who suggested minimizing the cognitive effort asso-

ciated with retrospective questions by using short, understandable questions that require

respondents to provide objective facts that prompt higher recall accuracy than subjective
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evaluations. Furthermore, using specific anchor points (such as a precisely determined period

of time March–May 2020) could have helped respondents to recall objective facts so they

would provide accurate answers about their social contact during COVID-19 lockdown.

Thirdly, as has previously been noted, respondents tend to report past experiences and feel-

ings that are more consistent with their current situation [54], and depressed mood could

influence the retrieval of information [55]. Thus, individuals’ levels of depression, as assessed

in 2022, might have influenced their retrospective assessment of the social isolation experi-

enced during the COVID-19 lockdown (March–May 2020).

Moreover, we have focused purely on objective social isolation, with no focus on the associ-

ation between loneliness related to isolation. Further investigation should analyze the link

between those two constructs and both insomnia and negative emotional states.

Additionally, the sample was composed of a homogenous group of young men, which

makes comparisons impossible regarding gender or age differences in the analyzed relation-

ships; thus, the result may not be generalizable to general populations. The lack of women in

the study limits the applicability of the study’s conclusions. Women may be less or more likely

to have mental health issues resulting from lockdown-related isolation, and women’s experi-

ence of mental health issues may be different from that of men. Therefore, it would be impor-

tant to include women in further studies to ensure that the findings are representative of the

entire population and are not biased towards men. Moreover, previous studies have indicated

that Athens Insomnia Scale is useful in the assessment of the subjective symptoms of insomnia

[56] during the COVID-19 pandemic; however, including objective measurements such as

polysomnography and actigraphy in future studies may help to measure sleep deprivation

more objectively.

Although the measure of social isolation used in the UK BioBank study has been widely

used and cited, to the best of our knowledge it has not been previously psychometrically vali-

dated. Further research on transcultural validation and in-depth verification of its psychomet-

ric properties is required, and the lack of psychometric characteristics constitute a limitation

of the current study.

Finally, there is a substantial body of pre-pandemic research analyzing the links between

social isolation, insomnia and mental health problems [57, 58]. Thus, the examined associa-

tions between the examined constructs (social isolation, insomnia, depression, and anxiety)

may be observed regardless of the COVID-19 pandemic. Although further research is needed

to address the contextual role of the pandemic, we suggest social isolation during a pandemic

is a crucial stressor that leads to insomnia and, in consequence, to depression and anxiety.
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37. Escobar-Córdoba F, Ramı́rez-Ortiz J, Fontecha-Hernández J. Effects of social isolation on sleep during

the COVID-19 pandemic. Sleep Sci. 2021 Jan-Mar; 14(Spec 1):86–93. https://doi.org/10.5935/1984-

0063.20200097 PMID: 34917279

38. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological

impact of quarantine and how to reduce it: rapid review of the evidence. Lancet. 2020 Mar 14; 395

(10227):912–20. https://doi.org/10.1016/S0140-6736(20)30460-8 PMID: 32112714

39. Cacioppo JT, Cacioppo S, Capitanio JP, Cole SW. The neuroendocrinology of social isolation. Annu

Rev Psychol. 2015 Jan 3; 66:733–67. https://doi.org/10.1146/annurev-psych-010814-015240 PMID:

25148851

40. Wang ZJ, Liu JF. The Molecular Basis of Insomnia: Implication for Therapeutic Approaches. Drug Dev

Res. 2016 Dec; 77(8):427–36. https://doi.org/10.1002/ddr.21338 PMID: 27594319

41. Vgontzas AN, Fernandez-Mendoza J, Lenker KP, Basta M, Bixler EO, Chrousos GP. Hypothalamic-

pituitary-adrenal (HPA) axis response to exogenous corticotropin-releasing hormone (CRH) is attenu-

ated in men with chronic insomnia. J Sleep Res. 2022 Jun; 31(3):e13526. https://doi.org/10.1111/jsr.

13526 PMID: 34825417

42. Roth T, Roehrs T, Pies R. Insomnia: pathophysiology and implications for treatment. Sleep Med Rev.

2007 Feb; 11(1):71–9. https://doi.org/10.1016/j.smrv.2006.06.002 PMID: 17175184

43. Juruena MF, Eror F, Cleare AJ, Young AH. The Role of Early Life Stress in HPA Axis and Anxiety. Adv

Exp Med Biol. 2020; 1191:141–53. https://doi.org/10.1007/978-981-32-9705-0_9 PMID: 32002927

44. Morin CM. Why do some people develop insomnia in response to stressful life events and others do

not? Sleep [Internet]. 2022 Nov 9; 45(11). Available from: http://dx.doi.org/10.1093/sleep/zsac207

45. Blake MJ, Trinder JA, Allen NB. Mechanisms underlying the association between insomnia, anxiety,

and depression in adolescence: Implications for behavioral sleep interventions. Clin Psychol Rev. 2018

Jul; 63:25–40. https://doi.org/10.1016/j.cpr.2018.05.006 PMID: 29879564

46. Freeman D, Sheaves B, Waite F, Harvey AG, Harrison PJ. Sleep disturbance and psychiatric disorders.

Lancet Psychiatry. 2020 Jul; 7(7):628–37. https://doi.org/10.1016/S2215-0366(20)30136-X PMID:

32563308

47. Nitschke JP, Forbes PAG, Ali N, Cutler J, Apps MAJ, Lockwood PL, et al. Resilience during uncertainty?

Greater social connectedness during COVID-19 lockdown is associated with reduced distress and

fatigue. Br J Health Psychol. 2021 May; 26(2):553–69. https://doi.org/10.1111/bjhp.12485 PMID:

33099800

48. Cheng P, Kalmbach DA, Tallent G, Joseph CL, Espie CA, Drake CL. Depression prevention via digital

cognitive behavioral therapy for insomnia: a randomized controlled trial. Sleep [Internet]. 2019 Oct 9; 42

(10). Available from: https://doi.org/10.1093/sleep/zsz150 PMID: 31535688

49. Osborn T, Weatherburn P, French RS. Interventions to address loneliness and social isolation in young

people: A systematic review of the evidence on acceptability and effectiveness. J Adolesc. 2021 Dec;

93:53–79. https://doi.org/10.1016/j.adolescence.2021.09.007 PMID: 34662802

50. Rose A. COVID-19 economic impacts in perspective: A comparison to recent U.S. disasters. Int J

Disaster Risk Reduct. 2021 Jun 15; 60:102317. https://doi.org/10.1016/j.ijdrr.2021.102317 PMID:

36570630

51. Killgore WDS, Cloonan SA, Taylor EC, Dailey NS. Loneliness: A signature mental health concern in the

era of COVID-19. Psychiatry Res. 2020 Aug; 290:113117. https://doi.org/10.1016/j.psychres.2020.

113117 PMID: 32480121

52. Wickens CM, McDonald AJ, Elton-Marshall T, Wells S, Nigatu YT, Jankowicz D, et al. Loneliness in the

COVID-19 pandemic: Associations with age, gender and their interaction. J Psychiatr Res. 2021 Apr;

136:103–8. https://doi.org/10.1016/j.jpsychires.2021.01.047 PMID: 33582608

53. McDonald AJ, Wickens CM, Bondy SJ, Elton-Marshall T, Wells S, Nigatu YT, et al. Age differences in

the association between loneliness and anxiety symptoms during the COVID-19 pandemic. Psychiatry

Res. 2022 Apr; 310:114446. https://doi.org/10.1016/j.psychres.2022.114446 PMID: 35196608

54. Hipp L, Bünning M, Munnes S, Sauermann A. Problems and pitfalls of retrospective survey questions in

COVID-19 studies. Surv Res Methods [Internet]. 2020 [cited 2023 Mar 13]; Available from: https://ojs.

ub.uni-konstanz.de/srm/article/view/7741

55. Teasdale JD, Spencer P. Induced mood and estimates of past success. Br J Clin Psychol. 1984 May;

23 (Pt 2):149–50. https://doi.org/10.1111/j.2044-8260.1984.tb00639.x PMID: 6722380

56. Li Y, Chen B, Hong Z, Sun Q, Dai Y, Basta M, et al. Insomnia symptoms during the early and late stages

of the COVID-19 pandemic in China: a systematic review and meta-analysis. Sleep Med. 2022 Mar;

91:262–72. https://doi.org/10.1016/j.sleep.2021.09.014 PMID: 34732293

57. Fernandez-Mendoza J, Calhoun SL, Vgontzas AN, Li Y, Gaines J, Liao D, et al. Insomnia Phenotypes

Based on Objective Sleep Duration in Adolescents: Depression Risk and Differential Behavioral

PLOS ONE Social isolation, insomnia, depression and anxiety among young men

PLOS ONE | https://doi.org/10.1371/journal.pone.0285797 May 18, 2023 11 / 12

https://doi.org/10.5935/1984-0063.20200097
https://doi.org/10.5935/1984-0063.20200097
http://www.ncbi.nlm.nih.gov/pubmed/34917279
https://doi.org/10.1016/S0140-6736%2820%2930460-8
http://www.ncbi.nlm.nih.gov/pubmed/32112714
https://doi.org/10.1146/annurev-psych-010814-015240
http://www.ncbi.nlm.nih.gov/pubmed/25148851
https://doi.org/10.1002/ddr.21338
http://www.ncbi.nlm.nih.gov/pubmed/27594319
https://doi.org/10.1111/jsr.13526
https://doi.org/10.1111/jsr.13526
http://www.ncbi.nlm.nih.gov/pubmed/34825417
https://doi.org/10.1016/j.smrv.2006.06.002
http://www.ncbi.nlm.nih.gov/pubmed/17175184
https://doi.org/10.1007/978-981-32-9705-0%5F9
http://www.ncbi.nlm.nih.gov/pubmed/32002927
http://dx.doi.org/10.1093/sleep/zsac207
https://doi.org/10.1016/j.cpr.2018.05.006
http://www.ncbi.nlm.nih.gov/pubmed/29879564
https://doi.org/10.1016/S2215-0366%2820%2930136-X
http://www.ncbi.nlm.nih.gov/pubmed/32563308
https://doi.org/10.1111/bjhp.12485
http://www.ncbi.nlm.nih.gov/pubmed/33099800
https://doi.org/10.1093/sleep/zsz150
http://www.ncbi.nlm.nih.gov/pubmed/31535688
https://doi.org/10.1016/j.adolescence.2021.09.007
http://www.ncbi.nlm.nih.gov/pubmed/34662802
https://doi.org/10.1016/j.ijdrr.2021.102317
http://www.ncbi.nlm.nih.gov/pubmed/36570630
https://doi.org/10.1016/j.psychres.2020.113117
https://doi.org/10.1016/j.psychres.2020.113117
http://www.ncbi.nlm.nih.gov/pubmed/32480121
https://doi.org/10.1016/j.jpsychires.2021.01.047
http://www.ncbi.nlm.nih.gov/pubmed/33582608
https://doi.org/10.1016/j.psychres.2022.114446
http://www.ncbi.nlm.nih.gov/pubmed/35196608
https://ojs.ub.uni-konstanz.de/srm/article/view/7741
https://ojs.ub.uni-konstanz.de/srm/article/view/7741
https://doi.org/10.1111/j.2044-8260.1984.tb00639.x
http://www.ncbi.nlm.nih.gov/pubmed/6722380
https://doi.org/10.1016/j.sleep.2021.09.014
http://www.ncbi.nlm.nih.gov/pubmed/34732293
https://doi.org/10.1371/journal.pone.0285797


Profiles. Brain Sci [Internet]. 2016 Dec 13; 6(4). Available from: https://doi.org/10.3390/

brainsci6040059 PMID: 27983580

58. Kim S, Suh S. Social Support as a Mediator Between Insomnia and Depression in Female Undergradu-

ate Students. Behav Sleep Med. 2019 Jul-Aug; 17(4):379–87. https://doi.org/10.1080/15402002.2017.

1363043 PMID: 28783373

PLOS ONE Social isolation, insomnia, depression and anxiety among young men

PLOS ONE | https://doi.org/10.1371/journal.pone.0285797 May 18, 2023 12 / 12

https://doi.org/10.3390/brainsci6040059
https://doi.org/10.3390/brainsci6040059
http://www.ncbi.nlm.nih.gov/pubmed/27983580
https://doi.org/10.1080/15402002.2017.1363043
https://doi.org/10.1080/15402002.2017.1363043
http://www.ncbi.nlm.nih.gov/pubmed/28783373
https://doi.org/10.1371/journal.pone.0285797

