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a b s t r a c t

Importance and study objective: The COVID-19 pandemic has produced unprecedented changes in social,

work, and leisure activities, which all have had major impact on sleep and psychological well-being. This

study documented the prevalence of clinical cases of insomnia, anxiety, and depression and selected risk

factors (COVID-19, confinement, financial burden, social isolation) during the first wave of the pandemic

in 13 countries throughout the world.

Design and participants: International, multi-center, harmonized survey of 22 330 adults (mean

age ¼ 41.9 years old, range 18e95; 65.6% women) from the general population in 13 countries and four

continents. Participants were invited to complete a standardized web-based survey about sleep and

psychological symptoms during the first wave of the COVID-19 pandemic from May to August 2020.
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Results: Clinical insomnia symptoms were reported by 36.7% (95% CI, 36.0e37.4) of respondents and

17.4% (95% CI, 16.9e17.9) met criteria for a probable insomnia disorder. There were 25.6% (95% CI, 25.0

e26.2) with probable anxiety and 23.1% (95% CI, 22.5e23.6) with probable depression. Rates of insomnia

symptoms (>40%) and insomnia disorder (>25%) were significantly higher in women, younger age

groups, and in residents of Brazil, Canada, Norway, Poland, USA, and United Kingdom compared to

residents from Asian countries (China and Japan, 8% for disorder and 22%e25% for symptoms) (all

Ps < 0.01). Proportions of insomnia cases were significantly higher among participants who completed

the survey earlier in the first wave of the pandemic relative to those who completed it later. Risks of

insomnia were higher among participants who reported having had COVID-19, who reported greater

financial burden, were in confinement for a period of four to five weeks, and living alone or with more

than five people in same household. These associations remained significant after controlling for age, sex,

and psychological symptoms.

Conclusion and relevance: Insomnia, anxiety, and depression were very prevalent during the first wave of

the COVID-19 pandemic. Public health prevention programs are needed to prevent chronicity and reduce

long-term adverse outcomes associated with chronic insomnia and mental health problems.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

The COVID-19 pandemic is one of the most significant health

challenges of our time. In addition to the estimated 4.1 million

deaths caused by this virus thus far (July 20, 2021), the pandemic

has caused unprecedented changes in social, work, travel, and lei-

sure activities. Stress has been ubiquitous due to health concerns,

social isolation, financial hardship, home-schooling, and uncer-

tainty about the future. Combined with mandatory confinement in

many countries around the world, these multiple stressors have

had major impacts on sleep and mental health [1,2].

Surveys conducted in several countries since the beginning of

the pandemic, as well as meta-analyses [3e6], have reported very

high and variable rates of insomnia (20e35%), anxiety (20e45%),

and depression (25e50%) in the general population [7,8], with rates

even higher among health-care workers [9e12] and patients with

COVID-19 [6]. Such estimates clearly exceed base rates reported in

most epidemiological studies conducted under normal circum-

stances (ie, pre-pandemic) and using similar criteria [13,14].

Although those studies are informative in documenting the un-

equivocal impact of the pandemic on sleep andmental health, there

is much variability in the estimates provided due to different

sampling methods, case definitions, and survey methodology

across studies. This precludes valid comparisons across studies and

an accurate portrayal of the extent of sleep and mental health

problems in association with the pandemic around the world.

Furthermore, very few studies have examined the specific role of

confinement, social isolation, number of people living in same

dwelling, and financial hardship in producing insomnia and psy-

chological symptoms.

The present study used a harmonized questionnaire and case

definitions, as well as a standard methodology to survey adults

from the general population in 13 countries located on four conti-

nents around the world. The objective was to document the impact

of the COVID-19 pandemic on insomnia and psychological symp-

toms. In addition to estimating the prevalence of insomnia, anxiety,

and depression, the study aimed to examine their associations

with COVID-19, confinement, social isolation, and financial burden.

Specific research questions were: a) what is the prevalence of

probable cases of clinical insomnia, anxiety, and depression? b)

what is the trajectory of insomnia in relation to the time since the

beginning of the pandemic? c) is there an association, above and

beyond that explained by demographic and psychological factors,

between insomnia and pre-pandemic history of sleep problems,

and with COVID-19, duration of confinement, number of people

living in the same home, and financial burden?

2. Methods

This study was part of an international collaboration involving

investigators from several countries to examine sleep and circadian

problems during the COVID-19 pandemic. The research protocol

and survey questionnaire were published previously [15]. Several

papers derived from this international collaboration are currently

in progress and this paper focuses on insomnia and psychological

symptoms (anxiety and depression). There were 13 participating

countries (14 regions) including: Austria, Brazil, Canada, China/

Jinlin, China/Hong Kong, Finland, France, Italy, Japan, Norway,

Poland, Sweden, United Kingdom, and the United States. All in-

vestigators obtained ethical approval or exemptions from their

local ethics committee. Participants provided consent in those

countries where it was required by the local ethics committee.

The survey was anonymous, and participants did not have to

provide identification information except for general sociodemo-

graphic variables. The platforms most used for administration of

the survey were Redcap and Qualtrics. Dates of completion were

recorded which allowed exploration of the relationship between

responses and the temporal pattern of pandemic exposure and

confinement in each country in accordance with WHO records of

infections and deaths. Completion of the survey varied by country

across May to August 2020.

2.1. Participants

Participants aged 18 years or older were invited via various

means such as local media (eg, newspapers, television), social

media (eg, Facebook and Instagram), and university mass mail lists

to complete an online survey. A total of 25 484 adults entered the

websites to complete the survey. People who failed to provide

consent (N ¼ 977), did not indicate gender and age (mandatory for

weighting, N ¼ 431), or did not complete the Insomnia Severity

Index (N ¼ 1746) were excluded, leaving a final sample of 22 330

participants in the study.

2.2. Measures

The survey included questions (100 items) from validated

questionnaires, as well as questions that were developed for this
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study. It was translated in national languages and its completion

was taking between 20 and 30 min. This paper focuses on data

about insomnia and psychological symptoms (anxiety and

depression) derived from the following measures.

Insomnia Severity Index (ISI). This 7-item instrument assesses

perceived severity of nocturnal and daytime symptoms of

insomnia. Each item is rated on a scale of 0e4 for a total score

ranging from 0 to 28. A score of 0e7 indicates no insomnia, 8e14

subthreshold clinical insomnia, 15e21 insomnia of moderate

severity, and 22 and above indicates severe insomnia. Cut-off scores

of 10 and 15 have been used to identify probable cases of insomnia

and cases with insomnia disorders in community samples [16].

Patient Health Questionnaire-2 (PHQ-2). A 2-item abbreviated

version of the PHQ-9 measuring mood and interest in doing things

over the preceding two weeks. The two items are rated on scales of

0e3 and a total score of three or more is the recommended optimal

cut-off to screen for depression [17]. A PHQ-2 score equal or greater

than three had a sensitivity of 83% and a specificity of 92% for major

depression.

Generalized Anxiety Disorder-2 (GAD-2). Two screening items

rated on scales of 0e3 and derived from the GAD-7 measure [17]. A

score of three or greater is the preferred cut-off for identifying

possible cases of anxiety disorder, with sensitivity of 86% and

specificity of 83%, for diagnosing generalized anxiety disorder.

Potential moderators of insomnia. We examined four potential

moderators of insomnia derived from specific questions on the

sleep survey. These were: a) SARS-CoV-2 infection (yes or no), b)

perceived financial burden due to pandemic (0 ¼ none to 5 ¼ very

much), c) duration of confinements (number of weeks), and d)

number of people living in same household.

2.3. Data analysis

As recruitment was based on voluntary participation, the sam-

ple was not random; consequently, we expected either under or

oversampling according to countries, age groups, or sex. Thus, an

approach to mitigate sampling bias, based on “crowdsourcing”

strategy [18,19] was implemented. First, as the countries/regions

included in the study were not selected to create a representative

sample of the “world population”, country/region weight was not

set according to relative adult population size of each participating

country (where China and USA samples would have dominated

the results). Rather, they were given an “equal” share basis (each

country contributed a weighted share of 1/14th of the total sample,

with China/Jinlin and China/Hong Kong receiving one share each).

Second, to reduce potential bias resulting from the oversampling of

young and female participants, post-stratification weights for the

complete dataset were computed according to the joint distribu-

tion of age and sex for a population structure comparable to most

countries included in the survey, that is the Canadian adult (18e75

years) population in 2020 (updated population estimates for 2016

Census, Statistics Canada). All descriptive and inferential analyses,

except for sample description, were completed using weights on

the SAS 9.4 statistical software, with standard two-tailed alpha of

5%.

Case definitions. Two insomnia subgroups were identified based

on previously validated ISI cut off scores. Individuals with ISI scores

�10 were identified as presenting clinically significant insomnia

symptoms and those with ISI scores �15 were identified as prob-

able cases of insomnia disorder according to DSM-5 or ICSD-3

diagnostic classifications [16]. Likewise, probable cases of anxiety

and depressive disorders were based on previously validated cut-

offs, with scores of three points or greater on the GAD-2 and

PHQ-2 scales, respectively, indicating probable cases [17].

3. Results

The total sample of 22 330 adults comprised 14 642 women and

7688 men, aged from 18 to 95 years (M ¼ 41.9, SD ¼ 16.0). Non-

weighted distribution of participants by country, sex and age

groups are shown in Table 1. A total of 12 513 (56.2%) weremarried/

cohabitating, 8018 (36.0%) were single, and 22.3% lived alone.

Regarding ethnicity, 9434 (43%) participants self-identified as

white/Caucasian, 8980 (40.9%) as Asian, 776 (3.5%) as Hispanic, 446

(2.0%) as black, and 2329 (10.6%) as other/not specified.

3.1. Insomnia

Table 2 shows average total ISI scores, and proportions of par-

ticipants with insomnia symptoms (ISI � 10) and probable

insomnia disorder (ISI � 15), for the overall sample and for

each country. There were 17.4% (95% CI, 16.9e17.9) of respondents

who were identified with probable insomnia disorder while 36.7%

(95% CI, 36.0e37.4) had insomnia symptoms. There was consider-

able variability across countries for both rates of insomnia symp-

toms, c2 (13) ¼ 1132.75, P < 0.001, and insomnia disorder, c2

(13) ¼ 939.19, P < 0.001, with significantly lower rates in Asian

countries (China and Japan, 7.5e8.5% for probable insomnia disor-

der and 22.3e25.2% for symptoms) compared with Brazil, UK,

Canada, USA, Poland, and Norway, which all presented the highest

Table 1

Non-weighted distribution (%) of women and age groups by country.

Country Sample

N

18-34y

%

35-54y

%

55 þ y

%

Women

%

Austria 834 20.9 54.6 24.6 77.9

Brazil 1821 65.8 25.6 8.5 75.1

Canada 2934 29.9 36.2 33.9 72.8

China, Hong Kong 1241 60.4 27.1 12.6 60.1

China, Jinlin 1071 47.1 47.9 5.0 74.2

Finland 787 24.8 49.4 25.8 79.2

France 880 28.9 42.3 28.9 70.8

Italy 1587 72.0 20.0 7.9 80.8

Japan 7000 35.4 29.8 34.9 50.0

Norway 1065 24.6 50.0 25.4 74.5

Poland 379 22.4 62.3 15.3 90.8

Sweden 566 42.2 47.2 10.6 76.3

UK 1140 23.7 40.6 35.7 86.2

USA 1025 51.1 38.5 10.3 35.9

Total Sample 22 330 40.1 35.3 24.6 65.6

Table 2

Mean (SD) Insomnia Severity Index (ISI) score, clinical level of insomnia symptoms

(ISI � 10) and probable insomnia cases (ISI � 15) by country, weighted.

Country ISI Insomnia

Symptoms

Probable Insomnia

Disorder

Mean (SE) % 95% CI % 95% CI

Austria 6.9 (0.15) 30.3 28.1e32.6 12.5 11.0e14.2

Brazil 10.0 (0.15) 48.8 46.4e51.3 25.4 23.3e27.6

Canada 9.6 (0.18) 47.1 44.2e50.1 26.3 23.8e29.0

China, Hong Kong 6.6 (0.16) 24.0 21.9e26.3 8.5 7.2e10.0

China, Jinlin 5.4 (0.15) 22.3 20.4e24.4 7.5 6.3e8.9

Finland 7.3 (0.16) 28.9 26.7e31.3 13.6 11.9e15.4

France 8.1 (0.17) 38.0 35.3e40.8 19.0 16.9e21.4

Italy 6.5 (0.15) 27.5 25.4e29.8 8.2 6.9e9.7

Japan 6.9 (0.15) 25.2 23.2e27.4 7.9 6.7e9.3

Norway 8.9 (0.18) 40.8 38.0e43.7 22.2 19.9e24.7

Poland 9.4 (0.16) 45.2 42.6e47.8 24.4 22.3e26.7

Sweden 7.5 (0.16) 32.2 29.9e34.7 16.0 14.2e18.0

UK 10.2 (0.16) 48.6 46.0e51.2 25.6 23.4e27.9

USA 10.6 (0.15) 59.8 57.4e62.2 31.4 29.2e33.8

Total Sample 8.1 (0.04) 36.7 36.0e37.4 17.4 16.9e17.9
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rates of insomnia symptoms (all above 40%) and disorder (all

above 22%).

The rate of insomnia symptoms was significantly higher in

women (39.5%) than in men (33.9%), c2 (1) ¼ 74.22, P < 0.001. A

similar difference was observed for insomnia disorder, with 19.1%

of women and 15.7% of men with ISI score of 15 or higher, c2

(1) ¼ 41.86, P < 0.001. Regarding age groups, insomnia symptoms

were more frequently reported by participants aged 18e34 years

old (38.5%) and 35e54 years old (38.6%), compared to participants

aged 55 years old or older (33.0%) (both Ps < 0.001). Probable cases

of insomnia disorder showed a similar pattern of results, with rates

of 17.9% (18e34 years old), 18.6% (35e54 years old), and 15.7% (55

years old or older), respectively for the three subgroups (both

Ps < 0.001).

Insomnia subtypes (initial, middle, early morning awakenings)

were estimated based on the first three ISI items with a score � 2

(indicating at least moderate severity). Overall, 46.8% participants

reported at least one type of insomnia. Specifically, 28.9% reported

sleep onset difficulties, 32.1% sleep maintenance difficulties, and

31.7% reported early morning awakenings. Mixed sleep onset and

sleep maintenance (middle or early morning awakenings) diffi-

culties were reported by 22.6% of the sample.

The proportion of cases with insomnia was examined as a

function of the number of weeks since the start of the pandemic

(Fig. 1a and b). Weighted estimates were obtained according to a

multi-level logistic model, using country as a random intercept (ie,

to take into account that different countries have different base

rates of insomnia, as seen in Table 2). Percentages of respondents

with insomnia symptoms were significantly different according to

the number of weeks since the beginning of the pandemic, F (7,

20117) ¼ 3.83, P < 0.001, with significant reductions observed be-

tween weeks 13th and 14th (first two weeks of data collection for

Fig. 1. a. Weighted % (with standard errors) of probable cases of insomnia, according to the number of weeks since start of pandemic. b. Weighted % (with standard errors) of clinical

level of insomnia symptoms, according to the number of weeks since start of pandemic.
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the current study) and weeks 19th and 20th (last twoweeks of data

collection). Percentages of cases of insomnia disorder were also

significantly different according to week, F (7, 20117) ¼ 4.32,

P < 0.001, with an identical pattern of reductions to those of

symptoms over time.

3.2. Anxiety and depression

Table 3 displays the weighted percentages of probable cases of

anxiety and depression for the total sample and by country. There

were 25.6% (95% CI, 25.0e26.2) with probable anxiety and 23.1%

(95% CI, 22.5e23.6) with probable depressive disorders. As for

insomnia, there was significant variability across countries with the

lowest rates obtained among respondents from Japan (12.5% anx-

iety, 11.7% depression), China (12.3% anxiety, 14.1% depression),

Finland (13.9% anxiety, 12.8% depression), and the highest rates

were in the USA (48.8% for anxiety and 48.3% for depression)

and Brazil (47.2% anxiety, 38.0% depression), followed by Canada,

Poland, and the UK.

The rates of probable cases of anxiety and depression were

significantly higher among women (29.0% and 24.6%) than in men

(22.2% and 21.6%) (both ps < 0.001). Comparison of age subgroups

showed a decreasing trend for participants aged 18e34 years old to

present the highest proportion of probable cases of anxiety (31.5%)

and depression (29.6%), compared to participants aged 35e54 years

old (26.9% and 22.5%), and participants aged 55 years of age or older

(18.8% and 17.6%) (all ps < 0.001).

3.3. Sleep medication use

There were 84% of the sample who did not use sleep medica-

tion or reported using it less than once per month, 8% used it

between less than once per week to two days per week, and 8%

who reported regular use (3e7 nights per week) (see Supplement,

Table 5). There was significant variability in reported usage across

countries; regarding regular use, the lowest rates were among

respondents from China-Jinlin (1.7%), France (3.4%), Italy (4.0%),

Austria (4.1%) and UK (4.7%), and the highest rates were in the

USA (21.3%), Poland (13.3%), Norway (12.8%), Brazil (10.9%), and

Finland (10.2%).

3.4. Associations of insomnia with COVID-19, financial burden,

confinement, and number of persons living in same household

Three weighted logistic GEE models, controlling for country

clustering, were completed to estimate the association between

four predictors (COVID-19; n ¼ 669, financial burden, confinement

duration, number of people living in household) and risk of

insomnia symptoms and disorders. Three models were tested: (a)

an unadjusted model to get the raw association between each

predictor and insomnia symptoms/disorder, (b) model 1, adjusting

for age and sex, and (c) model 2, additionally adjusting for anxiety

and depressive symptoms (see Table 4). Since exploratory analyses

suggested that confinement duration and number of persons in

household exhibited a non-linear relationship with insomnia risk,

these variables were examined as categorical predictors.

All four predictors were significantly associated with both

insomnia symptoms and insomnia disorders in Model 1 (no

adjustment) and Model 2 (adjusted for sex and age). The associa-

tions remained significant with Model 3 (adjusted for sex, age,

anxiety, and depression), with the exception of two predictors

(infection and confinement) that were no longer significant for

insomnia symptoms. Model 3 correctly classified 75.5% of caseswith

insomnia symptoms and 85.2% of cases with insomnia disorders.

Examination of non-linearity revealed that duration of

confinement had an inverse, U-shape, relationship with risk of

insomnia symptoms/disorder: people reporting no confinement or

the longest confinement (7weeks ormore) had the lowest risk (37%

for insomnia symptoms and 15% for insomnia disorder) while those

confined for 3e6 weeks had the highest risk (44% for insomnia

symptoms and 20% for insomnia disorder). A lesser “U-shape”

relationship was also found for number of people living in same

household: people living with 2e4 other persons in same house-

hold showed a lower risk of insomnia (symptoms ¼ 36%,

disorder ¼ 14%) compared to those living alone (symptoms ¼ 40%,

disorder ¼ 17%) or those with 5 or more persons (symptoms¼ 42%,

disorder ¼ 18%). An additional analysis revealed that respondents

living alone (22.3%) had a higher risk (38.0% vs. 32.6%) to report

insomnia symptoms, OR ¼ 1.27 (95% CI1.19e1.35) and insomnia

disorder (19.0% vs. 13.6%), OR ¼ 1.49 (95% CI, 1.31e1.69) compared

with those living with at least one other person, even after con-

trolling for age and sex.

Similar analyses were conducted to estimate the association

between the same four predictors with anxiety and depression and

the results are shown in Table 6 (Supplement).

3.5. Association of insomnia with number of COVID-19 cases and

deaths at survey time

To study the association between the perceived risk of con-

tracting COVID-19 and insomnia, two predictors were derived at

the country level (number of COVID cases and deaths per 100 000

population at the time of survey). Controlling for age, sex and

country clustering effect, a first GEE weighted model showed that

number of COVID-19 cases (p ¼ 0.19) and number of deaths

(p¼ 0.11) failed to predict cases with insomnia symptoms. A second

GEE model found that number of deaths per 100 000 significantly

predicted probable cases of insomnia disorder, OR ¼ 0.969 (95%

CI ¼ 0.939e0.999), but the association with number of COVID-19

cases failed to reach significance, p ¼ 0.09.

4. Discussion

This international study revealed that rates of insomnia symp-

toms (36.7%) and insomnia disorder (17.4%) were about twice as

Table 3

Proportion of respondents with probable anxiety (GAD2 � 3) and depressive dis-

order (PHQ2 � 3), by country, weighted.

Country Probable Anxiety

Cases

Probable Depression

Cases

% 95% CI % 95% CI

Austria 21.2 19.3e23.3 18.2 16.4e20.2

Brazil 47.2 44.8e49.7 38.0 35.6e40.4

Canada 35.3 32.6e38.2 28.1 25.6e30.8

China, Hong Kong 14.6 13.0e16.5 15.5 13.7e17.4

China, Jinlin 10.1 8.7e11.7 12.6 11.1e14.3

Finland 13.9 12.2e15.7 12.8 11.2e14.6

France 29.2 26.7e31.8 19.1 17.0e21.4

Italy 22.0 20.0e24.1 17.1 15.3e19.0

Japan 12.5 10.9e14.2 11.7 10.2e13.3

Norway 19.9 17.6e22.3 23.4 21.0e25.9

Poland 32.5 30.0e35.1 25.6 23.3e28.0

Sweden 19.9 17.9e22.0 22.5 20.4e24.7

UK 31.3 28.9e33.8 28.3 26.0e30.8

USA 51.3 48.8e53.7 50.7 48.3e53.2

Total Sample 25.6 25.0e26.2 23.1 22.5e23.6

Note. GAD ¼ Generalized Anxiety Disorder; PHQ ¼ Patient Health Questionnaire.
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high during the first wave of the pandemic as prevalence rates

typically reported in non-pandemic times [14,20], and those dif-

ferences were even higher in some countries, particularly in Brazil,

Canada, United Kingdom and in the United States. Similar findings

were observed for prevalence rates of probable anxiety (25.6%) and

depression (23.1%), whichwere significantly higher than the typical

population-based prevalence rates [21]. Although comparisons

with epidemiological surveys conducted before the pandemic are

tentative given the obvious differences in methodology and sample

representativeness, the present findings indicate very high rates of

clinical insomnia, anxiety, and depression during the first wave of

the COVID-19 pandemic.

Prevalence rates obtained for all three conditions - insomnia,

anxiety, and depression, are comparable or higher to those reported

in previous surveys conducted during the COVID-19 pandemic

within the general population [3,7] and with health-care workers

[4,5,9,10]. For example, a meta-analysis of 44 studies conducted in

13 countries revealed a 35.7% prevalence rate of sleep problems

across studies conducted in the general population, although no

standard criteria or measures were used across studies to define

sleep problems. In another meta-analysis of 22 studies, rates of

depression and anxiety (38% for each) and of insomnia (48%) were

even higher than the current one, although the definitions of each

conditions were not the same as in the present study [6]. Another

meta-analysis of studies conducted with health-care workers [9]

found pooled prevalence of 38.9% for insomnia, 23.2% for anxiety,

and 22.8% for depression. Other studies that focused on health-care

workers in China reported prevalence rates of 34% [10] and 36.1%

[11], despite using quite different cut-off scores on the ISI (15 and 8,

respectively). In addition to targeting different samples, those

studies used different samplingmethods, measures, and definitions

of sleep problems, hence making comparisons across studies very

tentative.

Rates of insomnia were higher among those who completed the

survey during the early phase of the pandemic, which could sug-

gest that the novelty of the stressor (pandemic) had a greater

impact on sleep of those who completed the survey early on

(MayeJune) compared to those who completed it later (JulyeAu-

gust). These changing rates of insomnia over time could also be

explained by a reduction in perceived stress among individuals

who completed the survey later in the summer when there were

fewer measures of restrictions and confinements.

With regard to potential contributors to insomnia, the occur-

rence of stressful life events is among the most prominent

precipitating factors associated with new onset of sleep distur-

bances [22]. In the context of the COVID-19 pandemic, stress about

health and the fear of contracting COVID-19, concerns about fi-

nances and employment, confinement, and social isolationwere all

involved in contributing to insomnia. In the present study, higher

risks of insomnia were associated, as expected, with more financial

burden and reports of COVID-19. However, the associations with

duration of confinement and social isolation were not as clear.

The association with confinement suggests that participants in

confinement for a moderate duration (3e6 weeks) were at greater

risk of insomnia, whereas risks were lower among those reporting

no confinement or confinement for longer periods (7 weeks and

more). It is plausible that the immediate stress response associated

with the announcement of mandatory confinement increased the

risk of sleep disturbances, whichwas eventually followed by people

adjusting their routines to the confinement. This may have been

followed once again after two months by re-emergence of distress

or anger which may have increased vulnerability to disturbances.

This interpretation remains tentative as we do not have repeated

assessment and longitudinal data to validate this trajectory.

Although it was expected that people living alone would show

increased vulnerability to insomnia, possibly due to social isolation,

we found a more complex relationship in that not only people

living alone but also thosewith five ormore individuals in the same

household were at greater risks for insomnia. This might suggest

that people in confinement, working from home, and living either

alone or with several other people in the same householdmay have

experienced increased stress, burden, and sleep disturbances.

There could be several possible explanations for this association

such as the need to care for children and the frustration of not being

able to accomplish one's work due to an overcrowded dwelling.

Environmental factors such as noise and light, as well as electronic

media use may also have played a role in poor sleepers living with

their family in restricted spaces. Another international study found

Table 4

Prediction of insomnia symptoms (ISI � 10) and insomnia disorder (ISI � 15), based on GEE logistic models including four predictors: COVID-19, financial burden, duration of

confinement, and number of persons in the same household (N ¼ 15 094).

Predictors Model 1 Model 2 Model 3

Clinical cases of insomnia symptoms (chi-square and p-value)

Infection (Y/N) 5.12, P ¼ 0.02 5.49, P ¼ 0.02 1.78, P ¼ 0.18

Financial burden (0e4) 272.84, P < 0.001 244.83, P < 0.001 29.26, P < 0.001

Duration of confinement (0e10 weeks) 22.37, P < 0.001 23.21, P < 0.001 8.95, P ¼ 0.11

Number of persons living in same household (0e7) 48.47, P < 0.001 47.26, P < 0.001 146.88, P < 0.001

Age e 12.21, P ¼ 0.03 12.74, P ¼ 0.03

Sex e 20.70, P < 0.001 1.69, P ¼ 0.19

Anxiety symptoms (GAD2) e e 112.85, P < 0.001

Depression symptoms (PHQ2) e e 281.85, P < 0.001

Correct classification (%) 63.0% 63.6% 75.4%

Probable cases of insomnia disorder (chi-square and p-value)

Infection (Y/N) 7.96, P ¼ 0.005 8.49, P ¼ 0.004 4.20, P ¼ 0.04

Financial burden (0e4) 335.25, P < 0.001 273.35, P < 0.001 25.96, P < 0.001

Duration of confinement (in weeks) (0e10) 35.61, P < 0.001 53.37, P < 0.001 16.28, P ¼ 0.006

Number of persons living in same household) (0e7) 35.75, P < 0.001 35.31, P < 0.001 131.23, P < 0.001

Age e 4.83, P ¼ 0.44 58.54, P < 0.001

Sex e 5.48, P ¼ 0.02 0.20, P ¼ 0.66

Anxiety symptoms (GAD2) e e 44.14, P < 0.001

Depression symptoms (PHQ2) e e 109.84, P < 0.001

Correct classification (%) 81.7% 81.7% 85.2%

*P < 0.05, **P < 0.01, ***P < 0.001.

Note. Model 1 included only predictor, model 2 included model 1 þ age þ sex, model 3 included model 2 þ anxiety (GAD2) þ depression (PHQ2).
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that difficulties accomplishing work because of having to care for

other people and increased verbal arguments with other adults in

the same household were associated with poorer sleep health [23].

Although the current study did not specifically address the

impact of the pandemic on sleep schedule changes, some studies

have reported a significant shift in sleep schedules with important

delay in both bedtimes and rise times occurring during the

pandemic, particularly among younger adults, those working from

home, and among people reporting higher psychological distress

[24,25]. Although some people used that opportunity to catch up

on chronic sleep loss accumulated in the pre-pandemic period, for

others, the actual increased in time spent in bed was not paralleled

by an equivalent increase in sleep time, with a net result of poorer

sleep efficiency and sleep quality [24,26]. Thus, it is possible

that sleep schedule shifting may have contributed to increased

insomnia in the current study.

A critical issue that cannot be resolved with the current cross-

sectional study design is the extent to which individuals who

developed clinically significant insomnia and psychological symp-

toms during the pandemic will remit and, for those who don't,

what will be the long-term consequences. There is solid evidence,

however, that insomnia often follows a persistent course [27] and,

when it reaches a chronic status, it produces adverse health out-

comes, such as enhanced risk of depression [28], prolonged leave of

absences from work [29], and increased risk for hypertension [30].

It is also possible that milder form of sleep disturbances remit with

the end of confinement as was observed with the end of the

confinement following the first wave in France [31].

The present findings must be interpreted in light of several ca-

veats, most of which are inherent to survey methodology. For

instance, the high rates of insomnia, depression and anxietymay be

tinted by a sampling bias in that individuals with more sleep and

psychological symptoms may have been more inclined to partici-

pate in such a survey; thus, these prevalence rates are relative and

cannot be compared directly to those derived from epidemiological

survey using a random sample of the population. In addition, any

comparison of those rates with pre-pandemic data are likely to be

counfounded by recall bias and must be interpreted cautiously in

the absence of repeated data from the same individuals. Finally, the

dynamic of the virus spreading, death rates, and confinement were

all very different in different countries and any attempts at pre-

dicting insomnia, anxiety, and depression with these predictors

remain tentative.

In conclusion, the rates of insomnia symptoms (36.7%),

insomnia disorder (17.4%), probable anxiety (25.6%), and depres-

sion (23.1%) were very high during the first wave of the pandemic.

The main implication of the current findings is that health au-

thorities must deploy large and efficient, population-based sleep

and mental health prevention programs, as well as clinical in-

terventions/resources [32,33], to assist at-risk individuals and

reduce long-term adverse health outcomes and morbidity.
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