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ABSTRACT

Objectives. COVID-19 escalated into a global pandemic affecting countries around the world.
As communities shut down to reduce disease spread, all aspects of life have been altered,
including sleep. This study investigated changes in sleep patterns and predictors of sleep health
in a global sample of adults and examined relationships between sleep health and psychological
distress.

Design. Cross-sectional.

Settings. Online survey distributed between April 19 and May 3, 2020.

Participants. 6,882 participants (18-94 years) across 59 countries.

Measurements. Sleep health (RU-SATED), demographics, pandemic-related factors, and
mood.

Results. More than half the sample shifted their sleep toward later bed- and wake-times, and
more than a third reported increased sleep disturbances during the pandemic. Older age, being
partnered, and living in a higher-income country were associated with better sleep health, while
a stricter level of quarantine, and pandemic-related factors (being laid off from job, financial
strain, or difficulties transitioning to working from home) were predictors of poorer sleep health.
Domestic conflict was the strongest predictor of poorer sleep health. Poorer sleep health was
strongly associated with greater depression and anxiety symptoms. Participants from Latin
America reported the lowest sleep health scores.

Conclusions. COVID-19-associated factors have impacted sleep health on a global level.
Sleep health is strongly linked with mental health and could play a protective role against
developing mental distress during pandemic-related isolation. Sleep health should be
incorporated into public health messages aimed at helping people cope with the effects of the

pandemic to maintain optimal mental and physical health.
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1. INTRODUCTION

The outbreak of COVID-19 in December 2019 rapidly escalated into a global pandemic
affecting countries around the world, which imposed social isolation measures to stop the
spread of the disease. The mass (home) confinement in addition to the uncertainty of the
pandemic led to drastic changes in people’s lives, affecting social interaction, work, school,
physical activity, and sleep (1). Thus, the COVID-19 pandemic has imposed extreme
psychological stress on many individuals, the extent of which we are only just beginning to
understand.

Having healthy sleep is key to overall health. Poor sleep is associated with adverse
health outcomes including cardiovascular disease (2), cancer (3), hypertension (4), obesity &
diabetes (5), and all-cause mortality (6), as well as psychological disorders such as depression
(7). Therefore, maintaining sleep health may be critical to preserving good overall physical and
mental health during the COVID-19 pandemic. Initial regional studies conducted during the
COVID-19 pandemic have suggested increases in sleep disturbances (8-13) and shifts in sleep
patterns (14, 15) in frontline healthcare workers and the general community. Also, depression
and anxiety levels have been shown to be elevated and potentially associated with poorer sleep
quality (8-11).

Studies that have examined predictors of sleep quality amidst social isolation measures
have shown that older age was associated with less difficulties falling asleep during the
pandemic, and strict home confinement without working and female sex were associated with
increased sleep difficulties in a Portuguese sample of respiratory patients (half of them had a
confirmed diagnosis of sleep disordered breathing) (10). Also, spending more time outside has
been associated with better sleep in the general UK population, though being infected with
COVID-19 contributed to worse sleep quality (16). An investigation focusing on healthcare
workers in Bahrain found that female sex and being a non-physician health-allied member were

predictors of poorer sleep quality and moderate-severe stress levels (17). Finally, Wang and



colleagues (9) reported that medical occupation, parental burden, death of a loved one, anxiety,
and depression were predictors of poorer sleep quality among Chinese healthcare workers.
Findings on predictors of sleep behavior and quality during the pandemic are
inconsistent and probably influenced by different sample populations studied (e.g., healthcare
workers, respiratory patients, the general population of a single country), measurement
instruments used (with some studies using only a single item for sleep quality), different
assessment times across the stages of the pandemic, and small sample sizes. There is a lack
of studies investigating sleep in the general population or global samples, and there is a need
for more research to determine the effects of the COVID-19 pandemic on sleep and how those
effects are associated with demographic and social isolation specific factors. The current study
focuses on sleep health, defined as “a multidimensional pattern of sleep-wakefulness, adapted
to individual, social, and environmental demands, that promotes physical and mental well-being”
(18). The construct of sleep health includes different factors relating sleep to other health
outcomes such as sleep regularity, efficiency, adequate sleep duration, satisfaction,
sleepiness/alertness, and timing (18). Sleep health is being prioritized in the public health
domain (19), is associated with physical and mental health outcomes (20, 21), performs better
than sleep duration in categorizing self-rated health status (20), and has the advantage over
singular sleep measures of addressing the multidimensionality of sleep. Therefore, the purpose

of the current study was to investigate predictors of sleep health and its relationship with

psychological distress during the COVID-19 pandemic in the general population of 59 countries.

2. Methods
2.1 Participants

Of the initial sample of 9,083 people who started the survey, 26 did not consent to
participate, 7 provided a nonsensical name for their city, and 2,175 did not finish the survey and

were therefore excluded. The final sample consisted of 6,882 participants from 59 countries



(58.5% upper-middle income countries, according to the Word Bank country classification
(https://datahelpdesk.worldbank.org) from five continents, who ranged in age from 18 to 94
years old and mostly identified as women (78.8%). The majority reported being employed
(included students) (80.1%) and being in a romantic relationship (51.1%). Sociodemographic
characteristics are presented in Table 1.

2.2. Measures

The online survey consisted of questions covering five domains: (a) demographics: age
(years), gender (man/women or other), country, employment status (categorized as active/not
active), relationship status (categorized as partnered/not partnered), and presence of
dependents under the age of 18 years in the home; (b) COVID-19-related quarantine or
restriction level; (c) COVID-19 exposure; (d) COVID-19-related change in life; (¢) COVID-19-
related sleep changes; (f) sleep health, and (g) psychological distress.

In order to determine what kind of quarantine or social isolation measures participants

were following at the time of data collection, they were asked to select one of four levels of
restriction followed in the past week (Level O - no specific restrictions; Level 1 — mild restrictions
(e.g., not gathering with 10 or more people, not traveling outside city or state); Level 2 —
moderate restrictions (e.g., not leaving home except for working, care of another family
member, exercise); Level 3 — severe restrictions (e.g., hot leaving home at all, or only leaving to
buy food or medicine).
The Epidemic-Pandemic Impacts Inventory (EPII; (22) was used to determine participant
exposure to COVID-19 and to assess how the pandemic impacted different life domains. This
inventory originally consisted of 92 statements, 21 of which were used in the survey: “Infection
history” - 8; “Work and Employment” - 7; “Economic” - 2; “Home life” - 2; and “Social activities” -
2. Participants were asked to answer Yes/No about the impact on these specific domains.

To assess changes in sleep behavior (sleep timing, duration, trouble falling asleep, and

waking up during the night) during the pandemic, participants were asked to report how each



aspect of sleep had changed during the past week compared to before the pandemic using a 5-
point scale: much less than usual; less than usual; the same as usual; more than usual; or much
more than usual. Participants were also asked to report how much sleep they got in a 24-hour
period.

Sleep health and psychological distress were assessed through standardized and
validated self-report scales. Sleep health was assessed by the Regulatory Satisfaction
Alertness Timing Efficiency Duration (RU-SATED) scale (18). This measure consists of 6 items
corresponding to key dimensions of sleep consistently associated with health outcomes:
regularity (getting in and out of bed at similar times each day), satisfaction (feeling satisfied with
one’s sleep), alertness (ability to stay awake during the day without dozing), timing (sleeping
between 2:00a.m. and 4:00a.m.), efficiency (being awake for less than 30min each night after
trying to fall asleep), and duration (obtaining between 6 and 8h of sleep per night). Participants
were asked to rate the frequency with which they experienced these behaviors on a 3-point
Likert scale (O — Rarely /Never; 1 — Sometimes; 2 — Usually/Always). A total score is obtained by
summing all items (range: 0-12), with higher scores indicating better sleep health (18, 23). The
scale has been shown to be psychometrically valid (24). Psychological distress was measured
using two scales. DASS-21 (25) was used to assess stress and depression over the past week,
and the GAD-7 (26) for assessing anxiety over the past two weeks. Each DASS-21 scale
consists of 7 items of symptoms rated on a 4-point Likert scale. A total score provides a severity
index of stress and depression symptoms. The GAD-7 is a 7-item scale scored on a 4-point
Likert scale, and higher total scores reflect higher anxiety. Participants’ home countries were
classified by income (low, lower-middle, upper-middle, and high) and by geographical region
(East Asia and Pacific, Europe and Central Asia, Latin America and the Caribbean, North
America, Sub-Saharan Africa, and South Asia; The World Bank, 2017).

2.3 Procedure



The survey was created in English by a group of psychologists and health scientists and
later translated into Spanish, Italian, German, Turkish, and French. Adapted and validated
versions in each language were used for standardized questionnaires, and bilingual native
speakers translated and reviewed all items without formal translations to generate a final
version. Using a snowball sampling method, the online survey was distributed through social
media (WhatsApp, Twitter, and Instagram) and professional emailing lists. In addition, Facebook
ads were used to promote participation among the general population and to expand the sample
across different countries and age ranges. Data collection took place between April 19 and- May
3, 2020.

Before starting the 15-minute survey, participants were provided with a university ethics-
committee approved informed consent specifying that participation was completely voluntary
and anonymous, and that they would not receive any financial compensation.

2. 4 Data Analysis

All analyses were conducted using IBM SPSS 26. A bivariate correlation matrix showing
the associations among sleep health and demographic characteristics is shown in Table 2. In
order to investigate demographic characteristics, COVID-19-related changes in life, and effects
of the pandemic as predictors of sleep health, a hierarchical stepwise multiple linear regression
was computed with sleep health as the outcome variable. In this regression, demographic
characteristics (man vs. woman or non-binary/trans, age, country income classification,
partnered vs. not partnered, active vs. not active work status, and dependent <18 years in the
home vs. not) were included as Step 1 variables. Step 2 included variables reflecting
participants’ personal exposure to COVID-19. Step 3 included level of quarantine, while Step 4
included effects of the pandemic on participants’ lives.

Second, sleep health scores were compared by global region using an analysis of
covariance (ANCOVA). Demographics included in Step 1 of the previous regression were

included as covariates. Participants from South Asia were excluded from the ANCOVA because



the small group size precluded meaningful comparisons (n = 4). Finally, a partial correlation
matrix was constructed to evaluate the associations among sleep health, depression, anxiety,
and stress scores, controlling for demographics. Because of the large number of predictors

included in the analyses, significance level was set at p < .01.

3. Results
3.1 Changes in sleep behavior during the COVID-19 pandemic

On average, participants reported sleeping 7.1 (SD = 1.5) hours in a 24-hour period.
Compared to pre-pandemic routines, 58.4% of the participants reported going to bed later/
much later than usual and 50.5% reported that that they woke up later/much later than usual.
30.7% of the participants reported sleeping less/much less than usual, whereas 25.5% reported
sleeping more/much more than usual. 39.3% had trouble falling asleep more/much more than
usual, and 35.6% woke up during the night more/much more than usual, compared to pre-
pandemic (Figure 1). Participants reported an average score of 8.06 (SD = 2.54) on the RU-
SATED measure of sleep health. Distribution of sleep health scores was somewhat positively
skewed, with fewer participants reporting extremely low levels of sleep health (Figure 2).
Although no clinical cutoff scores are currently available for the RU-SATED scale, 2,746
participants (39.9%) scored below the median of 8.0, which was used as an indicator of poor
sleep health in previous studies of sleep health using the 5-item SATED scale (20, 23).
3.2 Associations between sleep health and demographics during the COVID-19 pandemic

In the correlation matrix (Table 2), older age, higher country income classification, and
being partnered were all associated with better sleep health. Sleep health was not associated
with gender, employment, or having a dependent child under 18 years of age in the home.
3.3. Predictors of sleep health during the COVID-19 pandemic

In the hierarchical linear regression predicting sleep health, Step 1 was statistically

significant, F(6, 6875) = 65.92, R? = .054, p < .001. Consistent with the correlation matrix, sleep



health was significantly and uniquely predicted by older age, higher country income
classification, and being partnered. However, inconsistent with the bivariate correlations, sleep
health was positively associated with being employed. With the addition of COVID-19 exposure
predictors in Step 2, the overall model was still statistically significant, F(14, 6867) = 30.38, R? =
.058, p < .001. Within this model, currently having symptoms of the disease but not having been
tested was significantly associated with poorer sleep health. Stricter quarantine level (Step 3)
significantly predicted lower sleep health, p <.001, and the overall model was significant, F(15,
6866) = 29.32, R = .060, p < .001. After the Step 4 addition of effects of the pandemic on one’s
life, the overall model was still significant, F(28, 6853) = 32.04, R? = .116, p < .001 (Table 3),
and explained 11.6% of the variance of sleep health. Within this step, significant predictors of
poorer sleep health included getting laid off from one’s job or closing one’s business, having a
hard time transitioning to working from home, being unable to get enough food or healthy food,
being unable to pay important bills, and experiencing an increase in verbal arguments or conflict
with other adults in the home. Two variables that significantly predicted sleep health in previous
steps, being employed and currently having symptoms of the disease but having not been
tested, were no longer significant after the addition of Step 4 predictors. Notably, having
increased verbal conflicts with other adults in the home emerged as the strongest predictor of
sleep health out of all predictor variables in the model at Step 4.
3.4 Differences in sleep health across global regions during the COVID-19 pandemic

In the ANCOVA predicting sleep health, there was a statistically significant effect of
global region, F(4, 6867) = 5.31, p < .001, partial-eta? = .003 (Figure 3). Bonferroni-corrected
post hoc pairwise comparisons showed that participants from Latin America and the Caribbean
(M =7.79, SD = 2.47) reported significantly poorer sleep health than participants from Europe
and Central Asia (M = 8.32, SD = 2.56; p <.001) and North America (M = 8.64, SD = 2.60; p <
.001). No other significant differences emerged, although participants from Latin America and

the Caribbean tended to exhibit poorer sleep health than participants from East Asia and the



Pacific (M =8.72, SD = 2.67; p = .029) and Sub-Saharan Africa (M = 8.64, SD = 2.50, p = .025),
and participants from Europe and Central Asia tended to experience poorer sleep health than
participants from North America (p = .019).
3.5 Associations between sleep health and psychological distress during the COVID-19
pandemic

All associations among sleep health, depression, anxiety, and stress were highly
significant (Figure 4, p < .01). Sleep health demonstrated moderate negative associations with
depression, anxiety, and stress scores, after controlling for demographic variables (gender, age,

country income classification, marital status, work status, and having dependents in the home).

4. DISCUSSION

This study investigated predictors of sleep health during the COVID-19 pandemic in the
general adult population of 59 countries. A number of significant predictors were identified with
demographic characteristics such as older age, having a partner, and living in a higher-income
country being associated with better sleep health, and a stricter level of quarantine being
associated with a poorer sleep health. In addition, the strongest predictors for poorer sleep
health emerged from COVID-19-related life changes including being laid off from job, having
difficulty transitioning to working from home, or being unable to pay important bills, and most
significantly, increases in verbal arguments or conflicts at home. A large proportion of
participants reported changed sleep patterns toward later bed- and wake-times, and greater
sleep disturbances as compared to pre-pandemic routines. Participants from Latin America and
the Caribbean exhibited the lowest sleep health scores. Poorer sleep health was correlated with
higher depression, anxiety, and stress, reflecting the close relationship between sleep and
mood.

4.1 Changes in sleep patterns during the COVID-19 pandemic



Healthy sleep is associated with enhanced mood (27), improved immune functioning
(28), and better physical health (20, 23). For these reasons, healthy sleep is likely vital during
the COVID-19 pandemic. Early regional studies during the pandemic have indicated that sleep
disturbances (8-11, 17) and changes in sleep patterns (14, 15) are common. The current
findings extend those of these regional studies to show substantial changes in sleep behavior in
a global general population sample.

Almost 60% of participants reported going to bed (much) later, and ~50% stated that
they woke up (much later), compared to pre-pandemic routines. With this delay in timing on both
sides of the sleep period, changes in sleep duration varied, with some (~26%) reporting
sleeping more than usual, possibly due to having less constraints on their sleep, whereas others
(~43%) reported no change, and the remaining (~31%) reported sleeping less than usual. More
than a third of the sample claimed to have more trouble falling asleep or waking up more often
during the night than pre-pandemic, indicating profound changes in sleep routines and
increased sleep disturbances. Results are in line with those of others (14), who reported later
bed- and wake-times, more time in bed, and paradoxically lower sleep quality during the initial
period of lockdown in young Italian adults. These shifts in sleep schedules may lead to negative
consequences such as reduced daylight exposure or physical activity (29), further affecting
mood and health.

4.2 Predictors of sleep health during the COVID-19 pandemic

Several demographic factors were associated with better sleep health, including older
age, being partnered, and living in a country with a higher income classification. Older age has
previously been associated with a better sleep quality and less lockdown-related sleep changes
during the COVID-19 pandemic (10, 16), suggesting age as a protective factor for maintaining
sleep health during quarantine and restriction measures. Being partnered and living in a higher
income classification country — factors that are characterized by providing a certain degree of

security and life stability — also predicted better sleep health. However, the strictness in the level



of quarantine — which differed across the global sample from strict home confinement to lighter
restrictions — was associated with a poorer sleep health. Even though this finding has not been
previously reported, Pinto and colleagues (10) found that strict home confinement without
working was associated with increased sleep difficulties in respiratory patients during the
lockdown measures in Portugal. Stricter quarantine levels potentially decrease time spent
outside, physical activity, and sunlight expose, which is vital for maintaining healthy circadian
rhythms, sleep, and mood (30). Even though some studies indicated female sex as a predictor
of sleep disturbances during the COVID-19 pandemic (17, 31), the current study found that
gender was not a predictor of sleep health. Similarly, in a sample of adults studied in the United
States in non-pandemic times, while women reported more insomnia symptoms and lower sleep
self-efficacy than men, sleep health did not differ according to gender (24).
Most predictors of poorer sleep health emerged from the individual COVID-19-related life
changes such as being laid off from work or closing one’s business, having difficulty
transitioning to working from home, being unable to pay important bills, or the inability to get
enough or healthy food. Not surprisingly, financial and socio-economic burdens are a major
stress factor linked to sleep disturbances (32), and can exacerbate an already stressful
experience of the COVID-19 pandemic. Increases in verbal arguments or conflict with other
adults in the home emerged as the strongest predictor of a poorer sleep health during the
pandemic. Current research urgently warns of a dramatic increase in domestic conflicts around
the globe during the pandemic, primarily caused by stresses such as isolation and economic
vulnerability (33). Associations between family strain and sleep disturbances have been
reported outside of the pandemic which may reflect a bidirectional relationship, such that
stressful relationships with others at home could interfere with sleep and inadequate or poor
quality sleep could contribute to stressful relationships (34).

Interestingly, in contrast to other studies (16), none of the predictors reflecting COVID-19

exposure reached significance. Quarantine and isolation characteristics (resulting in feelings of



anxiety, worry, and distress) could have surpassed the influence of the presence of the virus in
the immediate vicinity on sleep health. It could be that not the objective exposure to COVID-19,
but rather the subjective experience of the virus influences sleep health.
4.3 Global differences in changes of sleep health during the pandemic

Participants from Latin America and the Caribbean area reported the lowest total scores
in sleep health relative to European and Central Asian as well as North American participants,
although pandemic-related quarantine and isolation measures were ongoing in all regions at the
time of data collection. However, at the time of data collection, the number of cases in Latin
America and the Caribbean area were lower compared to other global regions. To our
knowledge, no studies have yet compared sleep health on a global level during the pandemic,
but previous research suggests a high prevalence of sleep difficulties (35) and sleep-related
symptoms, e.g., excessive daytime sleepiness or insomnia (36), in the Latin American
population. Possibly, sleep health was already lower in this population, although further reasons
beyond what was measured in the current study that contributed to this finding need to be
determined.
4.4. Sleep health and mood during the pandemic

Previous studies reported associations between lower mood, higher anxiety- or stress
levels, and worsened sleep quality or sleep behavior during the COVID-19 pandemic in different
countries and populations (12, 13, 16, 37-39). The current results are in line with previous
research, suggesting higher levels of anxiety, depression, and stress being associated with
poorer sleep health. These results emphasize the importance of maintaining a good sleep
health during the pandemic, since poorer sleep health may trigger or exacerbate mental health
disorders.
4.5 Future research & limitations

The current study was cross-sectional, and causality and generalizability of the findings

should be considered with caution. The final regression model explained roughly 11% of the



variance, and there is more research needed to identify other key factors related to sleep health
during the COVID-19 pandemic. Also, the current data represent a partial snapshot of the
pandemic since data were collected during a single time point when the included countries were
in the mid-phase of the social isolation measures. Although the COVID-19 pandemic is
undoubtedly still affecting billions of people, the full extent of its consequences is still unclear,
and more research is needed to understand the long-term impacts on health, including sleep.
Conclusion

Physiological and psychological consequences of the COVID-19 pandemic are far-
reaching and wide-ranging, not only affecting people directly involved such as frontline-
healthcare workers or patients, but also the general population. Maintaining a healthy sleep has
become challenging during the pandemic. Our investigation is one of the first showing the
impact of the COVID-19 pandemic on sleep health in a large global sample. Developing sleep
disturbances during the COVID-19 pandemic may put individuals at a higher risk for long-term
adverse health effects (1). It is likely that risk factors of a poorer sleep health, primarily caused
by profound disruption of daily life (i.e. working from home, school closures or social isolation),
will persist in the pandemic for many people, and sleep disturbances will likely accelerate
anxiety, depression, and suicidal behavior (40). Notably, considering that acute insomnia can
turn into chronic insomnia, the high rate of insomnia developed as a consequence of the
COVID-19 pandemic is a call for public health interventions (1). Sleep is a modifiable behavior,
and sleep health can be strengthened by implementing habits including increased time spent
outside while social distancing (to increase sunlight exposure and physical activity), as well as
keeping regular sleep routines (i.e., maintaining similar bed- and wake-times on all days of the
week while avoiding under- or over-sleeping). At the public health level, sleep health should be
supported by increasing public awareness via campaigns or telepsychology, and ensuring
education programs so that chronic sleep problems caused or aggravated by the COVID-19

pandemic can be detected early to avoid chronicity. The social responsibility for publicly



educating the communities about the importance of sleep as well as strategies for maintaining
healthy sleep during the COVID-19 pandemic should be extended to the sleep research and
clinical community, which should be visible and supported by the media (1). Attention should be
directed to prevent, monitor, and treat sleep problems on a global level to strengthen sleep and

overall health during the COVID-19 pandemic.
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