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A B S T R A C T

Objectives: COVID-19 has infected millions of people worldwide, with growing evidence that individuals with
a history of infection may continue to show persistent post-COVID symptoms (long COVID). The aim of this
study was to investigate sleep health in an international sample of individuals who reported previously test-
ing positive for COVID-19.
Design: Cross-sectional.
Setting: Online survey distributed online between March and June 2021.
Participants: A total of 1001 individuals who reported a positive diagnosis of COVID-19 across different geo-
graphical regions, including North and South America, Sub-Saharan Africa, and Europe.
Measurements: Self-reported sleep health, using the Regulatory Satisfaction Alertness Timing Efficiency Dura-
tion scale, as recalled before a COVID-19 diagnosis and also reported currently.
Results: Individuals reported worse overall current sleep health, with lower ratings across the 6 dimensions
of sleep health (sleep regularity, satisfaction, alertness, timing, efficiency, and duration) compared to their
ratings as recalled before COVID-19 infection. Greater severity of COVID-19 symptoms was the strongest pre-
dictor of poor current sleep health (P < .001), independent of demographics, presence of a pre-existing
chronic health condition, and time since infection. Poor current sleep health was associated with poorer cur-
rent quality of life (P < .001).
Conclusions: Poor current sleep health is evident in individuals with a history of COVID-19, particularly those
with more severe symptoms at the time of their COVID-19 infection and is associated with a poorer quality
of life. Clinicians and researchers should assess sleep health in COVID-19 patients and investigate long-term
associations with their mental and physical health, as well as potential benefits of improving sleep in this
population.

© 2022 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
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Introduction

COVID-19 is an infectious disease caused by the novel coronavirus
SARS-CoV-2. Since the first case of COVID-19 was reported in Decem-
ber 2019, millions of people have been infected worldwide (WHO
2021, https://covid19.who.int/), yet the extent of its long-term
consequences remains to be determined. Initially considered as a
respiratory disease, COVID-19 is now recognized as a multi-organ
disease,1 since the viral infection affects multiple organ systems both
in the acute phase and in the long-term. COVID-19 seems to affect
the nervous, autonomic, cardiovascular, respiratory/pulmonary,
reproductive, immunological, and gastrointestinal systems, as well as
other organ systems,2 leading to heterogeneous clinical sequelae.3

A broad range of long-term or persistent post-COVID symptoms
(long COVID) has been reported in both hospitalized patients4 and in
the general population,2 severely impacting quality of life.1 Especially
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Table 1
Summary of sociodemographic characteristics of the participants (N = 1001)

Age (years),M, SD 43.5 11.9

Gender (n = 1001), N, %
Man 213 21.3
Woman 782 78.1
Non-binary, transgender, or other 6 0.6

Country global regiona (n = 1001), N, %
East Asia and Pacific 1 0.1
Europe and Central Asia 147 14.7
Latin America and the Caribbean 516 51.5
North America 218 21.8
South Asia 3 0.3
Sub-Saharan Africa 116 11.6

Work statusb (n = 1001), N, %
Full-time employed 571 57.0
Part-time employed 145 14.5
On leave 63 6.3
Volunteering 10 1.0
Student 48 4.8
Unemployed 56 5.6
Retired 42 4.2
Staying at home/homemaker 49 4.9
Disability 17 1.7

Highest level of education completed (n = 1001), N, %
Some primary education (elementary school) 5 0.5
Completed primary education (graduated elementary
school)

5 0.5

Some secondary education (high school) 10 1.0
Completed secondary education (graduated high school) 57 5.7
Trade/technical/vocational training 90 9.0
Some undergraduate education (college or university) 121 12.1
Completed undergraduate education 301 30.1
Some postgraduate education 145 14.5
Completed postgraduate education (masters or doctorate) 267 26.7

Romantic relationship status (n = 1001), N, %
Partnered 717 71.6
Single 284 28.4

Pre-existing chronic health condition (n = 1001), N, %
At least one pre-existing chronic health condition 586 58.5
No pre-existing chronic health condition 415 41.5

Days from COVID-19 diagnosisM, SD 175.0 117.9
Severity of symptoms while infected with COVID-19
(n = 1001), N, %
No symptoms (asymptomatic) 35 3.5
Some mild symptoms (no need for treatment) 309 30.9
Moderate symptoms (needed treatment, but no
hospitalization)

546 54.5

Severe symptoms (hospitalization) 84 8.4
Critical symptoms (intensive care unit) 27 2.7

a Countries were classified into global regions according to the World Bank classi-
fication system (2017).

b Work status variable was a forced-choice question.
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concerning are symptoms affecting neural function, which reflect the
vulnerability of the central nervous system to the novel coronavirus.5,6

Other coronavirus types (ie, SARS-CoV, MERS-CoV) have been shown
to have the potential to infect human neural cells in the acute phase,
affecting different brain areas.7 Similarly, early evidence suggests that
SARS-CoV-2 may invade endothelial cells inducing brain vascular
injury, thrombotic events, neurotransmitter system dysfunction, and
neuronal damage—via neuroinflammation8-10—pointing toward a pos-
sible chronic neuronal injury that might cause long-lasting neuropsy-
chiatric symptoms.11

Sleep difficulties and fatigue along with neurocognitive dysfunc-
tion (eg, brain fog, loss of memory and attention) are common persis-
tent symptoms apparent even several months after COVID-19
infection.2 Studies so far have shown that around 30% of individuals
infected with COVID-19 experienced post-COVID sleep difficulties
that persisted after the infection for up to 12 months.1,12-14 Fre-
quently reported sleep difficulties that persist for several months
after COVD-19 infection include newly diagnosed insomnia14 and
various sleep disorders,2,12 including sleep apnea and restless legs
syndrome.2 Sleep is likely also important for recovery in individuals
with COVID-19 infection given the bidirectional relationship between
sleep and the immune system.15 On the one hand, sleep is considered
a critical modulator of the immune response, such that lower quality
sleep can weaken the immune response, and hence, increase suscep-
tibility to infection (viral, bacterial, or parasitic). Conversely, sleep is
altered when an immune response is mounted following infection,
and these alterations are believed to promote recovery during ill-
ness.15 Chronic health conditions and mental health problems are
strong predictors of quality of life, and there is increasing evidence
that aspects of better sleep health (eg, good sleep quality and ade-
quate sleep duration) are associated with better quality of life.16,17

Sleep health is seen as a multidimensional construct,18 which con-
siders sleep as a positive health attribute, rather than focusing on
presence of a sleep complaint; this framing is more robust than unidi-
mensional sleep assessments (eg, sleep duration) when predicting
self-rated health.19 Sleep health has been associated with physical
and mental health outcomes as well as quality of life19 in community
populations, including in the context of the COVID-19 pandemic.20

However, to our knowledge, no data are available on the long-term
effects of COVID-19 on sleep health. The aim of this study, therefore,
was to investigate self-reported sleep health in an international sam-
ple of individuals who reported previously testing positive for
COVID-19, considering the effects of severity of disease and time
since diagnosis as well as demographic characteristics. We also inves-
tigated the association between current sleep health and quality of
life. We hypothesized that greater severity of disease and shorter
time since diagnosis would be related to poor current sleep health
and that poor current sleep health would be associated with lower
quality of life.

Method

Participants

Only individuals reporting a prior positive COVID-19 test result
(through a viral or antibody test at the time of infection) participated
in this study that entailed the completion of a self-reported online
questionnaire. Participants were not asked to specify how many
times they had been infected with COVID-19, since cases of SARS-
CoV-2 reinfection were scarce at the time of data collection (March-
June 2021).21 Data are presented here from 1001 individuals from 32
countries (Argentina, Bolivia, Brazil, Canada, Chile, Colombia,
Comoros, Costa Rica, Dominican Republic, Ecuador, El Salvador, Ger-
many, Guatemala, Honduras, India, Ireland, Lebanon, Malaysia, Mex-
ico, Monaco, Panama, Paraguay, Peru, Portugal, Romania, South
Please cite this article as: E. Alzueta et al., An international study of pos
sleh.2022.06.011
Africa, Spain, United Arab Emirates, United Kingdom, United States of
America, Uruguay, and Venezuela), with participant age ranging
between 18 and 84 years old (mean (SD), 43.5 (11. 9) years), who
mostly self-identified as women (78.1%), were partnered (71.6%), and
had completed at least an undergraduate degree (college/university)
(71.3%). The majority were employed full-time (57%). Most respond-
ents listed at least one pre-existing health condition before their
COVID-19 infection (58.5%). Days since COVID-19 diagnosis in our
sample ranged from 1 to 436. The detailed characteristics of the sam-
ple are shown in Table 1. At the time of data collection, 413 partici-
pants (41.3%) were not treating their symptoms, 359 participants
(35.9%) were receiving treatment from their medical provider, 200
participants (20%) were treating their symptoms with alternative or
complimentary medicine (eg, acupuncture, herbal supplements), and
174 participants (17.4%) were using over-the-counter medicine.
t-COVID sleep health, Sleep Health (2022), https://doi.org/10.1016/j.
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Outcomes

Self-reported data were collected using an online survey hosted
on Qualtrics (https://www.qualtrics.com/). Participants were asked
to report COVID-19 test results, including the date that they had
received a positive result, from which duration since COVID-19 diag-
nosis was calculated. Demographic information, including gender,
age, romantic relationship status, educational background, work sta-
tus, and country of residence, was also collected. Participants were
asked about the presence of pre-existing (before COVID-19) chronic
health conditions. Health conditions considered included: hyperten-
sion/high blood pressure, diabetes, chronic kidney disease, chronic
liver disease (eg, cirrhosis, hepatitis B), asthma, chronic obstructive
pulmonary disease, other chronic lung disease, stroke, spinal cord
injury, other neurological disease (eg, Parkinson’s disease, epilepsy,
dementia), obesity, immunodeficiency (eg, auto-immune disease),
cancer, anxiety, depression, other psychiatric disease, eating disorder,
Inflammatory bowel disease/ irritable bowel syndrome, and other.
We collapsed all premorbid health conditions into a dichotomous
variable, “Pre-existing chronic health condition” (Yes/No). Partici-
pants also rated severity of symptoms while infected with COVID-19
(Table 1) and indicated current approaches they were using to treat
their COVID symptoms.

Sleep health was assessed using the Regulatory Satisfaction Alert-
ness Timing Efficiency Duration (RU-SATED) questionnaire,18 a stan-
dardized self-report scale that is psychometrically validated for the
assessment of sleep health in adults.22 The RU-SATED scale has 6
items that assess 6 key dimensions of sleep that have been consis-
tently associated with health outcomes: regularity (getting in and
out of bed at similar times each day), subjective satisfaction (feeling
satisfied with one’s sleep), alertness during waking hours (ability to
stay awake during the day without dozing), appropriate timing
(sleeping between 2:00 AM and 4:00 AM), high efficiency (being
awake for less than 30 minutes each night after trying to fall asleep),
and sleep duration (obtaining between 6 and 8 hours of sleep per
night). Participants were asked to rate their sleep health both before
their COVID-19 diagnosis (ie, retrospectively), and currently (ie, at
the time of the survey). Each item was rated on a 3-point Likert scale
(0 - Rarely/Never, 1 - Sometimes, 2 - Usually/Always). To assess over-
all sleep health, a total score (ranging from 0 to 12) was obtained by
summing all items. Higher total scores indicate better sleep health.23

Participants were also asked to rate their current quality of life (at
the time of the survey) using a single-item question with responses
ranging from 1 (Excellent) to 5 (Poor), with higher scores indicating
worse quality of life.

Procedure

The survey took approximately 10 minutes to complete. It was
developed in English by an international team of health professionals
and was subsequently translated into Spanish. Both English and
Spanish versions were reviewed and approved by native speakers.
The survey was distributed mainly in North America, South America,
Europe, and Southern Africa between March 4 and June 15, 2021,
through (1) mailing lists and collaborators’ contact networks, (2)
social media platforms—mainly long haulers Facebooks groups and
Facebook ads, and (3) a patient database from the Center for Post-
COVID Care, Mount Sinai, NY. The Mount Sinai patient database was
created for research purposes. Only email addresses were accessed to
allow survey links to be sent to patients.

The study was approved by the Public University of Navarra Ethi-
cal Committee (Spain, PI-003/21) and conducted in compliance with
the declaration of Helsinki. Mount Sinai also provided IRB approval
for access to the patient database from the Center for Post-COVID
Care. Before starting the survey, participants were provided with a
Please cite this article as: E. Alzueta et al., An international study of pos
sleh.2022.06.011
university ethics-committee approved informed consent specifying
that participation was completely voluntary and anonymous and
that they would not receive any financial compensation. Data are
available from this dataset by request from the authors.

Data analysis

All descriptive statistics and analyses were conducted using
IBM SPSS Statistics 27. Paired-samples t tests were used to deter-
mine whether there was a difference in current sleep health (RU-
SATED total score) relative to participants’ recall of their sleep
health before their COVID-19 diagnosis. Cohen’s d effect sizes
were calculated accounting for the longitudinal correlation
between total scores, where d = 0.2 is considered a small effect
size, 0.5 a medium effect size, and 0.8 a large effect size. Explor-
atory analyses were also conducted to determine whether the 6
dimensions of sleep health from the RU-SATED scale differed at
current times (at the time of completing the survey) relative to
pre-COVID, using Wilcoxon signed-rank tests. Effect sizes were
analyzed using the formula rc = (abs) z/xN, where rc of 0.1 is a
small effect, rc of 0.3 is a medium effect, rc of 0.5 is a large
effect.

To investigate predictors of current sleep health (Total RU-
SATED score, at the time of completing the survey), a hierarchical
stepwise multiple linear regression was computed with current
Total RU-SATED score as the outcome variable and demographic
characteristics and pre-pandemic sleep health, pre-existing
chronic health conditions, COVID-19 symptom severity, and days
since COVID-19 diagnosis as predictors. In this regression, demo-
graphic characteristics and pre-pandemic sleep health (man vs.
woman or non-binary/trans, age, education level, romantically
partnered vs. not partnered, and pre-pandemic Total RU-SATED
score) were included as Step 1 variables. Step 2 included whether
participants reported a pre-existing chronic health condition
(1 = yes, 0 = no), Step 3 included participants self-reported level
of COVID-19 symptom severity while infected, and Step 4
included number of days since the COVID-19 diagnosis. Signifi-
cance level was set at a < 0.05.

Next, RU-SATED total scores were compared by global region
using an analysis of covariance (ANCOVA). Participants’ countries
were classified by geographical world region according to the World
Bank classification system. Demographics and pre-pandemic sleep
health from Step 1 of the previous regression were included as cova-
riates. Participants from South Asia, as well as East Asia and the
Pacific were excluded from the ANCOVA because the small group size
precluded meaningful comparisons (n = 4). Because the omnibus
ANCOVA was statistically significant (noted below), 6 Bonferroni-cor-
rected (ie, multiplying each P-value by 6) post-hoc comparisons were
run to identify the specific pairwise differences in RU-SATED scores
by global region.

Finally, follow-up partial correlations were run to evaluate the
association between current sleep health (Total RU-SATED score) and
COVID-19 severity, days since diagnosis, and current levels of quality
of life, controlling for demographics and global region.

Results

Sleep health at current times relative to pre-COVID-19

Participants had lower RU-SATED total scores (P < .001) currently
(time of the survey) compared with scores as recalled before their
COVID-19 diagnosis, with a medium effect size (Cohen’s d = 0.52,
Fig. 1). Participants rated all single items on the RU-SATED scale as
significantly lower at the time of the survey compared with pre-
COVID, with lower scores of sleep regularity (Z = -7.18, P < .001,
t-COVID sleep health, Sleep Health (2022), https://doi.org/10.1016/j.
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Fig. 1. Participants’ sleep health (total scores in the Regulatory Satisfaction Alertness
Timing Efficiency Duration (RU-SATED) questionnaire, mean (SD); n = 1001) as recalled
before their COVID-19 diagnosis and reported currently. Current RU-SATED scores
were significantly lower (P < .01), indicating a poorer sleep health, compared to scores
as recalled before a COVID-19 diagnosis.
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rc = 0.23), sleep satisfaction (Z = -15.46, P < .001, rc = 0.49), daytime
alertness (Z = -8.71, P < .001, rc = 0.27), sleep timing (Z = -9.98,
P <.001, rc = 0.31), sleep efficiency (Z = -4.37, P < .001, rc = 0.14), and
sleep duration (Z = -10.65, P < .001, rc = 0.34) (Fig. 2).
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Prediction of current sleep health

In the hierarchical linear regression predicting current sleep
health (Total RU-SATED score), Step 1 was statistically significant
(F(5, 995) = 65.34, R2 = 0.247, P < .001). Sleep health was significantly
and uniquely associated with being in a romantic relationship
(b = 0.06, P = .030) and pre-pandemic sleep health (b = 0.49, P <

.001). Sleep health was not associated with gender, age, or education.
With the addition of whether participants reported a pre-existing
chronic health condition as a predictor in Step 2, the overall model
was still statistically significant (F(6, 994) = 55.59, R2 = 0.251, P <

.001). Within this step, reporting a pre-existing chronic health condi-
tion was significantly associated with poor current sleep health
(b = -0.07, P = .020). Self-reported COVID-19 symptom severity (Step
3) significantly predicted poor current sleep health (b = -0.19, P <

.001), and the overall model was significant (F(7, 993) = 56.95,
R2 = 0.286,
P < .001). After the Step 4 addition of days since COVID-19 diagnosis,
the overall model was still significant (F(8, 992) = 52.90, R2 = 0.299,
P< .001,Table 2), and greater number of days since diagnosis was sig-
nificantly associated with poor current sleep health (b = -0.11,
P < .001). Within this step, being in a romantic relationship and
chronic condition status were no longer significant predictors. In
addition, older age now significantly predicted better sleep health in
Step 4 (b = 0.06, P = .022). Notably, other than pre-pandemic sleep
%) Timing (%) Efficiancy (%) Dura�on (%)

mes Usually/Always

) Timing (%) Efficiancy (%) Dura�on (%)

es Usually/Always

ep, satisfaction with sleep, alertness, timing, sleep efficiency, and sleep duration) as 0
nosis (panel A) compared with the current time (panel B). Participants rated all sleep
e text for details).

t-COVID sleep health, Sleep Health (2022), https://doi.org/10.1016/j.

https://doi.org/10.1016/j.sleh.2022.06.011
https://doi.org/10.1016/j.sleh.2022.06.011


Table 2
Multiple linear regression model for current sleep health (Total RU-SATED
scores) with standardized B-weights from the final model that included 4 steps

Predictor variable b P-value

Entered in step 1
Gendera (Man = 1, Woman/Trans = 0) 0.03 .250
Age 0.06 .022
Education 0.04 .179
Relationship status (1 = Partnered, 0 = Single) 0.05 .057
Pre-pandemic sleep health 0.46 <.001

Entered in step 2
Pre-existing chronic health condition (1 = Yes, 0 = No) -0.05 .088

Entered in step 3
COVID-19 symptom severity -0.18 <.001

Entered in step 4
Days since COVID-19 diagnosis -0.11 <.001

RU-SATED, Regulatory Satisfaction Alertness Timing Efficiency Duration.
a Gender was collapsed in a dichotomous variable to be included in the

regression model.
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health, COVID-19 symptom severity emerged as the strongest predic-
tor of sleep health out of all variables in the model at Step 4.

Based on the ANCOVA predicting current sleep health, there was a
statistically significant effect of global region (F(3, 988) = 13.50,
P < .001, partial-eta2 = 0.039). Bonferroni-corrected post hoc pair-
wise comparisons showed that participants from Latin America and
the Caribbean reported significantly better sleep health than partici-
pants from North America, as well as Europe and Central Asia. No
other significant differences emerged.

Partial correlations, which controlled for demographic variables
and global region (Table 3), showed that poor current sleep health
was associated with a greater number of days since testing positive
for COVID-19 (Spearman’s r = -0.084, P = .008, CI: [-0.14, -0.02]) and
greater symptom severity (r = -0.231, P < .001, CI: [-0.29, -0.17]).
Current sleep health and quality of life

Current sleep health and quality of life were significantly associ-
ated with each other, controlling for demographic variables and
global region (Spearman’s r = -0.447, P < .01, CI: [-0.5, -0.4]). The
relationship between current sleep health and quality of life is shown
in Table 3.
Discussion

This international study aimed to investigate the multidimen-
sional construct of sleep health and its correlates in individuals who
had previously received a diagnosis of COVID-19 with a viral or anti-
body test. Our results indicated that participants reported worse cur-
rent overall sleep health, driven by lower scores on all 6 dimensions
of sleep health (sleep regularity, satisfaction, alertness, timing, effi-
ciency, and duration), compared to the level of sleep health they
Table 3
Partial correlations adjusting for gender, age, education,
romantic relationship status and global region, showed
that poor sleep health (current total RU-SATED scores)
was associated with a longer period of time from
COVID-19 diagnosis, greater severity of COVID-19
symptoms and poorer quality of life

r P-value

Days since COVID-19 diagnosis -0.08 .006
COVID-19 symptom severity -0.44 <.01
Quality of life (current) -0.23 <.01

RU-SATED, Regulatory Satisfaction Alertness Timing
Efficiency Duration; r, Spearman’s rho.

Please cite this article as: E. Alzueta et al., An international study of pos
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recalled before being infected with COVID-19. Other than pre-pan-
demic sleep health, greater severity of symptoms during infection
with COVID-19 (Table 1) was the strongest predictor of poor current
sleep health. In contrast to our hypothesis, we found that a longer
time lapse between a positive COVID-19 diagnosis and current time
was independently associated with poorer current sleep health.
These findings suggest that poor overall sleep health may be a persis-
tent symptom following COVID-19 infection, and potentially, there-
fore, an important component of the post-acute sequalae of COVID-
19, or long COVID.

To our knowledge, this is the first study investigating sleep health
in association with long COVID and one of the few studies to report
detailed data about sleep as self-reported following COVID-19 infec-
tion. In a single-center study of 120 patients, sleep disorders were
one of the most frequently reported symptoms after an average of
110.9 days from hospital admission,12 however, the kind of sleep dis-
order was not defined. In a large-scale study (62,354 COVID-19
patients from 54 health care institutions in the United States) a prob-
ability of 1.9% of being newly diagnosed with insomnia in the 14-
90 days after a COVID-19 diagnosis was estimated.14 In another
study, prevalence of certain sleep issues (ie, insomnia, night sweats,
awakened feeling unable to breath, restless legs, sleep apnea, vivid
dreams, nightmares, and lucid dreams) during long COVID were
examined in a survey-based study of a non-hospitalized population
(3762 respondents from 56 countries).2 There was a mean prevalence
of 78.6% for sleep problems, with a relatively stable probability of
insomnia, sleep apnea, and other sleep problems across 7 months
post-infection. A limitation of this study, however, is that the major-
ity of participants (72%) had suspected (not confirmed) COVID-19,
which makes it difficult to establish a clear relationship between
reported sleep issues and viral infection.

Results from our study identified severity of symptoms of COVID-
19, as the most relevant risk factor for a poor sleep health. SARS-CoV-
2 causes inflammation in the brain vasculature, neurons, and sup-
portive cells24,25 (see8 for a review). A sustained increase in some
cerebral injury biomarkers has been found in patients with mild-to-
moderate COVID-19,26 which suggests that severity of the illness and
its associated immune response may play a key role in long COVID
manifestation. Importantly, long COVID symptoms have been
reported not only in severe or critically hospitalized patients but also
in those who experienced the infection with less severe symptoms,
and sometimes even in those who experienced asymptomatic infec-
tions.27 These findings support the idea that long COVID might be a
direct consequence of the viral infection rather than a consequence
of hospitalization and/or acute clinical interventions. In a cohort
study of hospitalized patients in Wuhan (China) followed up at 6
months, sleep difficulties were one of the most common symptoms,
being present in 26% of participants.13 In contrast to our findings,
however, severity of COVID-19 was not associated with sleep difficul-
ties. Different findings between studies could be due to differences in
the way sleep was assessed: that study relied on a single question
asking how current sleep compared with pre-COVID sleep (same,
worse, better), whereas we examined the construct of sleep health
involving 6 specific and essential components of sleep.

Our results also showed that having a pre-existing chronic health
condition correlated with current (post-COVID infection) poor sleep
health, though the effect washed out with the inclusion of additional
covariates. Indeed, other studies have shown that having a pre-exist-
ing health condition, such as diabetes, obesity, or respiratory disease
was a risk factor for severe symptoms of COVID-19 and
hospitalization.28,29 It is likely that sleep health was already impaired
in those individuals who had a pre-existing chronic health condition,
since sleep health is associated with several health outcomes.18,30

Nevertheless, when considering the full sample, participants
reported that their sleep health was poorer currently compared to
t-COVID sleep health, Sleep Health (2022), https://doi.org/10.1016/j.
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the way they recalled their sleep health before their COVID-19 diag-
nosis. Sleep health, therefore, might be more compromised in indi-
viduals with a pre-existing health condition as a consequence of
COVID-19 infection.

Among the demographic factors examined, being partnered,
which could reflect security, support, and life stability, was associated
with better sleep health, similar to prior findings in a world-wide
community sample surveyed during the early stages of the pan-
demic.20 Older age was associated with better sleep health in the
fully adjusted model. While the prevalence of sleep problems is
higher in older adults, the association was significant and in the
opposite direction (older age reflected better sleep health) after
adjustment for comorbidities, suggesting that the presence of medi-
cal and psychiatric conditions, rather than aging itself, may be associ-
ated with poorer sleep.31 In the context of the pandemic, previous
research also found that older age was associated with better sleep
health in community and clinical samples, suggesting that age is pro-
tective for maintaining sleep in this context.20,32,33

Sleep is vital for overall health and emotional well-being.34,35

Results from our study show that individuals who have been infected
with COVID-19 perceived their sleep health to be worse compared
with before their infection, and that poor current sleep health is asso-
ciated with lower overall quality of life. The association that we found
between sleep health and quality of life in people previously infected
with COVID-19 supports the literature in non-COVID populations
showing that better sleep quality is associated with better quality of
life.16,17 Others have reported that patients with long COVID have a
poor quality of life4,12 and indeed, this may be due in part to reduced
sleep health. Also, in a longitudinal study, 30.7% of COVID-19 outpa-
tients and hospitalized patients reported worsened quality of life 6
months after diagnosis compared with baseline (at the time of acute
illness).36 In the general global population, it has been reported that
long COVID symptoms, especially cognitive dysfunction, have an
impact on individuals’ ability to work or perform daily tasks.2 While
the ongoing COVID-19 pandemic continues, the full range of clinical
and economic consequences of long COVID for society remains
unknown. Proposed potential contributors of infection-induced lin-
gering symptoms, include: persistent reservoirs of SARS-CoV-2 in
some tissues, COVID-19 immune dysregulation, interactions between
SARS-CoV-2 and the host microbiome or virome communities, dys-
functional brainstem signaling or dysfunctional vagus nerve signal-
ing, autoimmunity, continuing activity of primed immune cells, and
problems with clotting/coagulation.3 Given that sleep and circadian
timing of sleep can regulate innate and adaptive immune response,
modulate viral replication within the host cells, and even determine
severity of illnesses,37 more research is needed to understand the rel-
evance of sleep in long COVID. Apart from promoting inflammatory
cleansing processes and strengthening immunity,38 healthy sleep is
essential to maintaining optimal brain and cognitive functioning, as
well as physical and mental health.39 Conversely, sleep disturbances
have a range of adverse effects on various physiological systems and
induce neuroinflammation, which is known to impair cognitive func-
tion.40 Considering the complex relationships among sleep, cognition,
neuroinflammation,41 and general health, sleep might not only be a
symptom requiring further study, but may also be used as a recovery
tool42 during long COVID. In other words, improving sleep could help
improve the recovery of people suffering from long COVID and help
their body, especially their immune system, to fight the negative
effects of the disease. In this context, sleep health education and pro-
motion can play an important role during post-COVID recovery to
increase overall health and quality of life.

Strengths of the present study include that we used a global sam-
ple from a general population with varying levels of COVID-19 sever-
ity and duration since infection. Another strength is that we only
included participants who reported having received a positive viral
Please cite this article as: E. Alzueta et al., An international study of pos
sleh.2022.06.011
or antibody test for COVID-19. Finally, unlike many studies that mea-
sure only a single item or dimension of sleep quality or sleep dura-
tion, we used a multidimensional, validated measure of sleep health
which allowed us to explore the effects of COVID-19 infection on
multiple self-reported dimensions of sleep. There are some limita-
tions that need to be considered as well. This study was cross-sec-
tional, and therefore questions about pre-COVID-19 sleep and health
conditions rely on recall, which might be biased by participants’ per-
ception of the past or by memory impairment related to COVID-19
itself.26 Further, different sources used for data collection might have
led to a sampling bias, and findings may not generalize to all people
with COVID-19. Also, these data all relied on self-reports, and we
therefore do not have clinical data about disease severity or clinical
health markers or objective measures of sleep. We surveyed partici-
pants about several pre-existing medical and psychiatric conditions,
which we then collapsed into a dichotomous variable and controlled
for in the model. However, we did not specify obstructive sleep apnea
or assess sleep apnea symptoms, which may be of higher prevalence
in individuals recovering from COVID-19,2 potentially contributing to
poor sleep health. The RU-SATED scale, like other broadly used sleep
measures, has insufficient granularity to identify the presence of
sleep disorders. Using measures of sleep such as polysomnography or
actigraphy in long COVID patients would be helpful to determine
whether there are changes in physiological sleep composition or
objective sleep-wake measures. In chronic post-SARS individuals,
non-restorative sleep with associated alpha EEG sleep anomaly and
REM-related apneas/hypopneas have been reported,43 but there are
no such objective sleep data in individuals with long COVID. Further,
others have reported preliminary data about objective sleep quality
based on actigraphy measures in 4 patients with COVID-19, however
data were collected only during the sub-acute recovery stage.44

Finally, sleep health could also be affected by pandemic-related fac-
tors unrelated to contracting COVID-19, such as losing a job, financial
strain, or difficulties transitioning to working from home,20 which we
did not consider here. Future studies might compare sleep health in
individuals diagnosed with COVID-19 and those not diagnosed from
the same geographic area to establish the unique effects of long
COVID on sleep.

In conclusion, poor sleep health is evident after COVID-19 infec-
tion which could have long-term consequences for mental and physi-
cal health. Future studies should investigate sleep, including
objective measures of sleep and related physiology, in long COVID, as
both a lingering symptom post-infection, but also as a potential tool
that could be harnessed to improve overall quality of life and recov-
ery. Sleep health promotion in the long COVID population could be
beneficial, and investigations of the potential efficacy of sleep inter-
ventions for these individuals should be a priority to buffer the effects
of long COVID on health and cognitive functioning.
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