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Study Objectives: Insomnia, poor sleep quality, and extremes of sleep duration are associated with COVID-19 infection. This study assessed whether these
factors are related to post-acute sequelae of SARS-CoV-2 infection (PASC).

Methods: Cross-sectional survey of a general population of 24,803 United States adults to determine the association of insomnia, poor sleep quality, and sleep
duration with PASC. Three definitions of PASC were used based on post COVID-19 clinical features: COVID-19 Outbreak Public Evaluation Initiative (COPE)

(= 3), National Institute for Health and Care Excellence (NICE) (= 1), and Researching COVID to Enhance Recovery (RECOVER) (scoring algorithm).

Results: Prevalence rates of PASC were 21.9%, 38.9%, and 15.5% for COPE, NICE, and RECOVER PASC definitions, respectively. PASC was associated with
insomnia in all 3 models after full adjustment with odds ratios and 95% confidence intervals (Cls) ranging from 1.30 (95% CI: 1.11-1.52, P < .05, RECOVER
PASC score) to 1.52 (95% CI: 1.34—1.71, P< .001, NICE). Poor sleep quality was related to PASC in all models with adjusted odds ratios ranging from 1.77

(95% Cl: 1.60-1.97, P<.001, NICE) t0 2.00 (95% CI: 1.77-2.26, P < .001, COPE). Sleep < 6 hours was associated with PASC with adjusted odds ratios between
1.59 (95% CI: 1.40-1.80, P < .001, RECOVER PASC score) and 1.70 (95% Cl: 1.53-1.89, P <.001, COPE). Sleep = 9 hours was not associated with PASC in
any model. Although vaccination with COVID-19 booster decreased the likelihood of developing PASC, it did not attenuate associations between insomnia, poor
sleep quality, and short sleep duration with PASC in any of the models.

Conclusions: Insomnia, poor sleep quality, and short sleep duration are cross-sectionally associated with PASC and may be potential risk factors. Further
longitudinal studies should be conducted.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Insomnia, poor sleep quality, and extremes of sleep duration have been associated with a higher likelihood of
COVID-19 infection. However, evidence implicating an association with the development of post-acute sequelae of SARS-CoV-2 infection is scant.

Study Impact: Results indicate that insomnia, poor sleep quality, and sleep duration < 6 hours are associated with an increase in the prevalence of
post-acute sequelae of SARS-CoV-2 infection among persons who have previously had a COVID-19 infection. The findings provide support further
research into the impact of unhealthy sleep in the development of post-acute sequelae of SARS-CoV-2 infection.
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INTRODUCTION

As the COVID-19 pandemic has evolved into global endemic
status, the emergence of persistent and/or relapsing-remitting
physical, cognitive and mental health symptoms commonly
known as “long COVID” or more formally as post-acute
sequelae of SARS-CoV-2 infection (PASC) has become an
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increasingly important public health concern.'™ Risk factors
for the development of PASC include greater severity of initial
COVID-19 illness, multiple infections, female sex, and preex-
isting health conditions.”> Recently, obstructive sleep apnea
(OSA) has been demonstrated in 2 large studies to be associated
with the development of PASC.% Although poor sleep quality
and short sleep duration are associated with an increased risk of
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acute COVID-19 infection,® it is uncertain whether they also
are related to a higher likelihood of PASC.

Estimates of the prevalence of PASC are imprecise, ranging
from 7.5-41%.'° In part, this imprecision is related to the lack
of a generally accepted definition of this syndrome. Several
definitions have been proposed that include the use of various
combinations of duration of time postinfection, number of
symptoms, and a scoring system that weights some symptoms
more than others.®!! However, there are few data that have
prospectively tested or compared definitions to each other, con-
trol groups and long-term outcomes.

In this cross-sectional analysis, we aimed to determine in a
large general population cohort whether preexisting insomnia,
poor sleep quality, and short or long sleep duration are associ-
ated with the development of PASC using 3 different model
definitions of the syndrome. In addition, we compared the prev-
alence of PASC among these models.

METHODS

Study design and participants

From March 10-October 15, 2022, the COVID-19 Outbreak
Public Evaluation (COPE) Initiative'®> administered 5 succes-
sive waves of identical surveys focused on accumulating data
on the prevalence and sequelae of COVID-19 infection in the
United States (U.S.). Dates of administration were Wave 1
(March 10-30, 2022), Wave 2 (April 4—May 1, 2022), Wave 3
(May 4—June 2, 2022), Wave 4 (August 1-18, 2022), and Wave
5 (September 26—October 15, 2022). Each wave consisted of
approximately 5,000 unique participants who were recruited to
create samples that approximated population estimates for age,
sex, race, and ethnicity based on the 2020 U.S. census. Surveys
were conducted online by Qualtrics, LLC (Provo, Utah, and
Seattle, Washington, U.S.), using their network of participant
pools with varying recruitment methodologies. Informed consent
was obtained electronically. The 5 survey waves were combined
into a single cross-sectional analytic cohort. The study was
approved by the Monash University Human Research Ethics
Committee (Study #24036).

Survey items

Participants self-reported demographic, anthropometric, and
socioeconomic information including age, race, ethnicity, sex,
height and weight, education level, employment status, and
household income. In addition, they provided information on
several current and past medical conditions by answering the
question: “Have you ever been diagnosed with any of the fol-
lowing conditions?” In addition to insomnia, opportunity was
provided to endorse OSA, high blood pressure, cardiovascular
disease (eg, heart attack, stroke, angina), gastrointestinal disor-
der (eg, acid reflux, ulcers, indigestion), cancer, chronic kidney
disease, liver disease, sickle cell disease, chronic obstructive
pulmonary disease, and asthma. Possible responses to each con-
dition were “Never,” “Yes I have in the past, but don’t have it
now,” “Yes I have, but I do not regularly take medications or
receiving treatment,” and “Yes I have, and I am regularly taking
medications or receiving treatment.”

Journal of Clinical Sleep Medicine, Vol. 21, No. 2

Sleep and long COVID

The following 2 questions pertaining to sleep quality were
asked of the participants:

1. “Thinking about the past month, to what extent has poor
sleep troubled you in general?” Possible responses were
“Not at all,” “A little,” “Somewhat,” “Much,” and “Very
Much.”

2. From the Pittsburgh Sleep Quality Index,'® “During the
past month, how would you rate your sleep quality over-
all?” Possible responses were “Very good,” “Fairly
good,” “Fairly bad,” and “Very bad.”

Sleep duration was assessed using a question from the Pitts-
burgh Sleep Quality Index.'® Responses were rounded to the
nearest hour; those < 3 hours or > 12 hours were excluded as
improbable estimates (n = 987). In addition, sleep duration was
stratified as short sleep (< 6 hours), recommended sleep (7—8
hours) and long sleep (= 9 hours).

Symptoms of OSA were obtained from responses to the Pitts-
burgh Sleep Quality Index and included items related to room-
mate or bedpartner reported “loud snoring” and “long pauses
between breaths while you sleep.”'® In addition, sleepiness was
assessed from the following item in the questionnaire: “During
the past month, how often have you had trouble staying awake
while driving, eating meals, or engaging in social activity.” Pos-
sible responses to all 3 items were “not during the past month,”
“less than once a week,” “once or twice a week,” or “3 or more
times a week.” As done in our previous studies, participants were
considered to have symptoms of OSA if they had either of the
following combination of symptoms: (1) snoring “3 or more times
a week” and witnessed apnea or sleepiness “once or twice a week””;
(2) witnessed apnea and sleepiness “once or twice a week.”%!”

Each survey contained identical items related to COVID-19
infection status and the number of COVID-19 vaccinations par-
ticipants had received. Ascertainment of past COVID-19 infec-
tion was obtained using responses to the following questions
related to COVID-19 testing or the presence of loss of taste or
smell:

1. “Have you ever tested positive?”

2. “Despite never testing positive, are you confident that
you have had COVID-19?”

3. “Despite never testing positive, have you received a clin-
ical diagnosis of COVID-197”

4. “Have you experienced a problem with decreased sense
of smell or taste at any point since January 2020?”

Participants who endorsed having had any of the aforemen-
tioned items #1—4 were asked if they had experienced any of
the general health, cognitive, or mental health symptoms listed
in the supplemental material (Table S1 in the supplemental
material) more than 2 weeks after their infection. For each
symptom, participants who endorsed having experienced the
symptom more than 2 weeks after their COVID-19 infection or
indicated that they were currently having the symptom were
asked how long their symptoms persisted after their infection.

COVID-19 vaccination status was ascertained by asking “How
many COVID-19 vaccine doses have you received? (If you have
had 2 doses of 1 brand and 1 of another, please select 3).” Partici-
pants were allowed to respond from 0—4.
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Statistical analyses
Exposures

Based on our previous analyses in this cohort, we defined a pos-
itive history of COVID-19 infection as an affirmative response
to having tested positive for COVID-19, a clinical diagnosis of
COVID-19, or loss of taste or smell.**'” Participants were
classified as having OSA if they affirmed currently having the
condition whether treated or not or if they had 2 or more symp-
toms of OSA.*”!7 Insomnia was present if endorsed by partici-
pants irrespective of treatment status. Poor sleep quality was
defined as being troubled by poor sleep “Much” or “Very Much”
or rating their sleep quality as “Fairly Bad” or “Very Bad.”’

Vaccination status was dichotomized as Boosted (> 2 vaccina-
tions) or Not Boosted (< 2 vaccinations). Comorbid medical con-
ditions were defined as currently having the condition whether
treated or untreated. The effect of comorbid medical conditions
was evaluated by summing the number of conditions reported by
the participant (minimum value 0, maximum value 9).>%!” Body
mass index was calculated using self-reported height and weight
as kg/m”. Socioeconomic covariates were dichotomized as fol-
lows: employment (retired vs not retired), education (high school
or less vs some college) and income in U.S. Dollars (< $50,000
vs = $50,000).

Outcomes

Based on previous analyses of this cohort, PASC was defined
as the presence of 3 or more symptoms commonly associated
with PASC for at least 3 months after their COVID-19 infection
(COPE).® For comparison, 2 other definitions of PASC were
also used: (1) a PASC score = 12 modified from the Research-
ing COVID to Enhance Recovery (RECOVER) cohort pro-
posal,'* and (2) 1 or more symptoms commonly associated with
PASC for at least 3 months after their COVID-19 infection as
suggested by the United Kingdom’s National Institute for
Health and Care Excellence (NICE).'? Because the COPE sur-
vey did not contain a few items comparable to those in the
RECOVER cohort, we substituted symptoms contained in the
COPE survey which were correlated'® or similar as follows:
sore throat for thirst, sleep problems for sexual function, head-
ache for dizziness, and other aches for abnormal movements.

Analytics

Summary data for continuous or ordinal variables are reported
as their respective means and standard deviations and for cate-
gorical variables as their percentages. Comparisons of comor-
bid medical, demographic, and social characteristic variables
stratified by presence or absence of PASC were performed
using Student’s unpaired ¢ test for continuous or ordinal vari-
ables and x? for categorical variables.

Multivariable modeling using logistic regression was utilized
to determine whether insomnia, poor sleep quality, and sleep
duration were associated with the COPE, RECOVER, and
NICE models of PASC. For each definition, a baseline model
was constructed using only insomnia, poor sleep quality, and
sleep duration stratified as short (< 6 hours), recommended (7-8
hours),'® and long (= 9 hours) sleep. We then developed increas-
ingly complex models by sequentially including demographic
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factors, comorbidities, boosted vaccination status, socioeconomic
factors, and other sleep conditions. Inasmuch as the sleep condi-
tions evaluated in the models may have been correlated, diagnostic
tests for collinearity were performed; the variance inflation factor
was less than 10 and the tolerance was greater than 0.1 for all vari-
ables. However, because poor sleep quality can be considered a
component of insomnia, models for insomnia were not adjusted
for poor sleep quality. Conversely, models for poor sleep quality
were not adjusted by insomnia. Results of the logistic regression
models are presented as unadjusted or adjusted odds ratios (aORs)
and their 95% confidence intervals (CIs).

To determine whether our definition of COVID-19 infection
status influenced our results, we performed sensitivity analyses
with stricter (ie, using COVID-19 infection as a positive test or
loss of taste or smell) and broader (ie, our original definition plus
assumed positive for COVID-19 without a positive test or clini-
cal diagnosis as an indicator of a past COVID-19 infection).

All analyses were conducted using IBM SPSS version 28
(Armonk, New York). A P < .05 was considered statistically
significant.

RESULTS

There were 24,803 participants with evaluable data from the 5
COPE initiative surveys from which a positive history of
COVID-19 infection (see Methods) was reported in 10,324
(41.6%), which represented the analytic sample. Table 1 pre-
sents the demographic, anthropometric, comorbid medical and
social characteristics of these COVID-19 positive participants
in the COPE cohort stratified by PASC status for the 3 models
of PASC analyzed in this study. Characteristics of participants
positive for PASC were generally similar for all 3 models.
Those who were PASC positive were younger and more likely
to be Hispanic, not retired, and have a higher income. They
were less likely to have received a COVID-19 booster vaccina-
tion (COPE: 24.2% vs 29.3%; NICE: 23.7% vs 31.0%; PASC
score: 24.5% vs 28.8%; all P < .01). In terms of sleep, 3,452
(45.6%) participants reported having slept the recommended
7-8 hours, 2,973 (36.9%) screened positive for poor sleep qual-
ity, 1,671 (20.7%) screened positive for insomnia, and 1,697
(21.0%) screened positive for OSA. Compared with partici-
pants who did not experience PASC, those with PASC had a
higher prevalence of OSA, insomnia, and poor sleep quality. In
addition, they were more likely to report a short sleep duration
whereas there was a slight tendency for those with PASC to
report a long sleep duration.

The prevalence of PASC as defined in the COPE, NICE, and
PASC score models is shown in Table 1. The most restrictive
model was the PASC score (15.3%) followed by the COPE
(21.9%) and NICE (38.9%) models.

In Table 2 are logistic regression analyses describing among
participants with a positive history of COVID-19 infection the
association between insomnia and PASC in all 3 PASC models
at baseline and subsequently in partially and fully adjusted
models. The aORs in the fully adjusted models were comparable
with narrow Cls ranging from 1.30 (95% CI: 1.11-1.52, P < .05,
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Table 2—Association of self-reported insomnia with 3 models of PASC.

COPE (= 3 Symptoms) NICE (= 1 Symptom) PASC Score (2 12)
Model aOR 95% Cl 95% Cl aOR 95% ClI
Baseline 2,948 2.71-3.31 3.588 3.22-3.73 3.588 3.23-3.96
+Demographics 2.898 2.61-3.20 3.208 2.99-3.45 3.218 2.89-3.57
+Comorbidities 1.758 1.55-1.98 1.798 1.63-1.96 1.638 1.43-1.86
+Socioeconomic 1.748 1.54-1.97 1.788 1.62-1.95 1.618 1.42-1.84
+Sleep factors 1.468 1.28-1.68 1.52§ 1.34-1.71 1.308 1.11-1.52

Models adjusted as follows (see text for definitions): Demographics: age, sex, race; Comorbidities: body mass index, number of the following conditions:
diabetes, asthma, sickle cell disease, cardiovascular disease, hypertension, cancer, chronic kidney disease, liver disease, chronic obstructive pulmonary
disease, boosted vaccination status; Socioeconomic: education, income, employment; Sleep factors: sleep duration, obstructive sleep apnea. §P < .001.
aOR = adjusted odds ratio, Cl = confidence interval, COPE = COVID-19 Outbreak Public Evaluation, NICE = National Institute for Health and Care Excellence,

PASC = post-acute sequelae of SARS-CoV-2 infection.

PASC score) to 1.52 (95% CI: 1.34-1.71, P < .001, NICE). In
none of the models did boosted vaccination affect the relation-
ship between insomnia and PASC (insomnia X boosted vaccina-
tion aORs were not significant, data not shown).

Table 3 describes the association of poor sleep quality with
PASC among participants with a positive history of COVID-19
infection. For all 3 models, poor sleep quality was related to an
increased probability of PASC; aORs at baseline were compa-
rable ranging from 2.36 (95% CI: 2.18-2.56, P < .001, NICE)
to 2.63 (95% CI: 2.39-2.90, P < .001, COPE). Subsequent
adjustment for demographic and socioeconomic factors, and
sleep conditions as well as comorbidities attenuated these asso-
ciations, but all remained significant in fully adjusted models
with aORs ranging from 1.77 (95% CI: 1.60-1.97, P < .001,
NICE) to 2.00 (95% CI: 1.77-2.26, P < .001, COPE). In none of
the models did boosted vaccination affect the relationship
between poor sleep quality and PASC (poor sleep quality X
boosted vaccination aORs were not significant, data not shown).

In Table 4 are shown the relationships between the full dis-
tribution of hourly sleep duration (3—12 hours) with 3 models of

PASC among participants with a positive history of COVID-19
infection. For all 3 models, the unadjusted aORs suggested that
both short and long sleep durations were associated with PASC
in comparison to the recommended 7-8 hours of sleep. For
sleep durations less than 7—8 hours, these findings were attenu-
ated, but remained significant after full adjustment. However,
for sleep durations greater than 7—8 hours, the association with
PASC was no longer present with the solitary exception of
11 hours in the PASC score model.

Shown in Table 5 are the associations of short sleep (< 6 hours)
and long sleep (= 9 hours) with PASC among participants with
a positive history of COVID-19 infection. In comparison to
recommended hours of sleep (7-8 hours; n = 3,452), short sleep
(n = 3,284) was associated with a greater likelihood of PASC.
The aORs at baseline were comparable for all 3 models and
ranged from 1.59 (95% CI: 1.40-1.80, P < .001, PASC score) to
1.70 (95% CI: 1.53-1.89, P < .001, COPE). These associations
were attenuated but remained significant in fully adjusted
models with aORs of 1.17 (95% CI. 1.01-1.36, P < .05,
PASC score), 1.23 (95% CIL: 1.08-1.41, P < .001, COPE), and

Downloaded from jesm.aasm.org by 136.226.32.212 on February 28, 2025. For personal use only. No other uses without permission.

Copyright 2025 American Academy of Sleep Medicine. All rights reserved.

Table 3—Association of poor sleep quality with 3 models of PASC.

COPE (2 3 Symptoms) NICE (= 1 Symptom) PASC Score (2 12)
Model aOR 95% ClI aOR 95% ClI aOR 95% Cl
Baseline 2.638 2.39-2.90 2.368 2.18-2.56 2428 2.17-2.71
+Demographics 2.568 2.32-2.82 2.278 2.09-2.47 2.368 2.11-2.64
+Comorbidities 2.138 1.91-2.38 1.928 1.75-2.11 1.998 1.75-2.25
+Socioeconomic 2.118 1.89-2.37 1.928 1.75-2.12 1.988 1.75-2.25
+Sleep factors 2.008 1.77-2.26 1.778 1.60-1.97 1.898 1.64-2.18

Models adjusted as follows (see text for definitions): Demographics: age, sex, race; Comorbidities: body mass index, number of the following conditions:
diabetes, asthma, sickle cell disease, cardiovascular disease, hypertension, cancer, chronic kidney disease, liver disease, chronic obstructive pulmonary
disease, boosted vaccination status; Socioeconomic: education, income, employment; Sleep factors: sleep duration, obstructive sleep apnea. §P < .001.
aOR = adjusted odds ratio, Cl = confidence interval, COPE = COVID-19 Outbreak Public Evaluation, NICE = National Institute for Health and Care Excellence,
PASC = post-acute sequelae of SARS-CoV-2 infection.
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Table 5—Association of self-reported sleep duration with 3 models of PASC.

COPE (= 3 Symptoms) NICE (=2 1 Symptom) PASC Score (= 12)
Model aOR 95% Cl aOR 95% ClI aOR 95% Cl
Sleep < 6 hours#
Unadjusted 1.708 1.53-1.89 1.628 1.51-1.81 1.598 1.40-1.80
+Demographics 1.668 1.49-1.85 1.618 1.47-1.76 1.568 1.37-1.76
+Comorbidities 1.528 1.35-1.72 1.488 1.33-1.64 1418 1.23-1.63
+Socioeconomic 1.558 1.37-1.75 1.51§ 1.36-1.68 1.438 1.24-1.65
+Sleep factors 1.238 1.08-1.41 1.238 1.10-1.37 1178 1.01-1.36
Sleep = 9 hours#
Unadjusted 1.338 1.12-1.58 1.368 1.18-1.56 1.508 1.24-1.82
+Demographics 1.209 1.01-1.43 1.22& 1.05-1.41 1.35& 1.11-1.64
+Comorbidities 1.05 0.86-1.28 1.05 0.89-1.24 1.18 0.95-1.48
+Socioeconomic 1.12 0.92-1.38 1.1 0.94-1.32 1.25 0.99-1.56
+Sleep factors 1.12 0.91-1.37 1.12 0.94-1.33 1.24 0.99-1.55

Models adjusted as follows (see text for definitions): Demographics: age, sex, race; Comorbidities: body mass index, number of the following conditions:
diabetes, asthma, sickle cell disease, cardiovascular disease, hypertension, cancer, chronic kidney disease, liver disease, chronic obstructive pulmonary
disease, boosted vaccination status; Socioeconomic: education, income, employment; Sleep factors: insomnia, obstructive sleep apnea, sleep quality.
#Referent is 7-8 hours. 1P < .05; &P < .01; §P < .001. aOR = adjusted odds ratio, Cl = confidence interval, COPE = COVID-19 Outbreak Public Evaluation.
NICE = National Institute for Health and Care Excellence, PASC = post-acute sequelae of SARS-CoV-2 infection.

a 95% CI between 26% and 49%.%> The explanation for the
considerable heterogeneity in PASC prevalence rates is not
entirely clear, but investigations differed in both methods used
to ascertain COVID-19 positivity and definition of PASC as
well as in the population evaluated. Most studies utilized self-
report of both COVID-19 infection and PASC associated
symptoms,>?%2!-%3->* but in some, objective documentation of
infection was required resulting in lower prevalence rates.'>1°
To our knowledge, this is the first study in the U.S. to estimate
prevalence rates of PASC using different definitions in the
same cohort. The most appropriate definition to ultimately use
may depend on which one best predicts clinical outcomes or
responses to therapy although the simplicity of using either the
COPE or NICE definitions argue for adoption by clinicians.
However, by requiring only 1 PASC associated symptom, the
NICE definition may be overly sensitive but is more consistent
with the definition recently proposed by the U.S. National
Academies of Sciences, Engineering, and Medicine.'* In con-
trast, the RECOVER definition is more complex, but is likely
more specific; the COPE definition may be a compromise
among simplicity, sensitivity, and specificity.

We observed that among participants with a positive history
of COVID-19 infection, both insomnia and poor sleep quality
were strongly associated with PASC in all 3 of the models eval-
uated. With respect to insomnia, our results are consistent with
data from a longitudinal study of 2,759 Italians in which higher
pre-COVID-19 insomnia severity index scores were found
to predict greater risk of individual symptoms of PASC
1-3 months after COVID-19 infection.”® Our findings extend
this previous report by demonstrating in a larger cohort that
insomnia is associated with several global definitions of PASC.
Additionally, our results related to poor sleep quality are

Journal of Clinical Sleep Medicine, Vol. 21, No. 2

supported by data from the aforementioned Italian cohort study
which showed that higher scores on the Pittsburgh Sleep Qual-
ity Index predicted a greater risk for developing symptoms
associated with PASC.?* Furthermore, in a study of 1,581 per-
sons from the United Kingdom who were surveyed concerning
their sleep quality 1 month before their COVID-19 infection,
persons who reported average to very poor sleep quality
were 2.4-3.5 times more likely to self-report having “long
COVID.”* Our study extends these previous observations by
using a more precise definition of poor sleep quality as well as
more formal definitions of PASC.

Sleep duration < 6 hours per night in comparison to recom-
mended levels of 7-8 hours was found to be associated with
PASC in all 3 models. Our findings replicate those noted in
analyses of the BRFSS dataset in which < 7 hours of sleep were
also associated with higher odds of PASC.° However, they dif-
fer from a report from the ICOSSII group who noted increased
likelihood of PASC in those sleeping < 6 hours per night only
among individuals who had pre-existing medical comorbidities;
no association was observed in the absence of medical comor-
bidities.”! In contrast to the strong association between short
sleep duration and PASC, no such linkage was observed in our
study for long sleep duration. Thus, our results with respect to
long sleep duration are consistent with reports from the BRFSS
and ICOSSII studies which also did not find increased odds of
PASC with longer than recommended sleep duration.*’-*!

We observed that for all 3 PASC models, the prevalence of
having received a COVID-19 booster vaccination was lower in
persons with PASC. This finding is consistent with a meta-
analysis of 18 studies®® as well as with a recent large retrospective
matched cohort study demonstrating that COVID-19 vaccination
decreased the risk of developing PASC.?” Previous results from
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the COPE initiative indicated that receiving a COVID-19 booster
vaccination reduced the risk of COVID-19 hospitalization attribut-
able to OSA.!” In contrast, we did not find that boosted vaccina-
tion for COVID-19 affected the odds of developing PASC related
to insomnia, poor sleep quality or short sleep duration.

There are several mechanisms that could explain the associa-
tion between insomnia, poor sleep quality, and short sleep dura-
tion, and PASC. Insomnia and most likely poor sleep quality
are characterized by a state of stress and hyperarousal.*® This
can lead to alterations in the hypothalamic-pituitary-adrenal
axis related to inflammation; in a meta-analysis, sleep distur-
bance was associated with higher levels of C reactive protein
and interleukin-6.>’ Reduced sleep can result in an increase in
transcriptional pathways and greater cellular production of
inflammatory cytokines from monocytes.*® Furthermore, it has
been suggested that inflammatory processes are important in
the pathogenesis of the dysautonomia, endothelial dysregula-
tion, and neurocognitive impairments observed with PASC.*!
Sleep disturbances also have been implicated in dysfunction of
the immune system. Chronic sleep loss and disturbed sleep pro-
mote not only a proinflammatory state, but also affect the num-
ber and function of immune regulating cells®*** and prolong
shedding of SARS-CoV-2 after infection.’* Both factors may
promote viral persistence in tissues which is hypothesized as a
mechanism resulting in PASC.*'**

Our findings that sleep disruption is associated with a greater
likelihood of PASC suggest interventions improving sleep
may mitigate or reduce the impact of PASC on overall public
health. For example, information pertaining to the benefits of
healthy sleep could be disseminated to persons who develop
COVID-19 infection. Inasmuch as the prevalence of PASC in
our study as well as others ranges between 26% and 49%,*
even a small reduction in the incidence of PASC could have
profound public health importance.

There are several limitations to the interpretation of our find-
ings. First, sleep disturbances can occur de novo after acute
COVID-19 infection particularly in hospitalized patients.® >’
Our analyses are cross-sectional. Therefore, it is possible that
the association between sleep disturbances and PASC observed
in this study is largely a function of COVID-19 infection or
PASC producing disturbed sleep. Second, sleep duration was
self-reported. Self-reported sleep has historically overestimated
sleep duration compared with the gold-standard objective mea-
surement by polysomnography.*’ However, inasmuch as both 3
and 4 hours of sleep in this study were associated with PASC, it
is unlikely that any overestimates of sleep duration would have
been sufficiently extreme to alter our findings of an association
between short sleep duration and PASC. Third, the sample
could be susceptible to misclassification bias with respect to
history of COVID-19 infection, as infection with COVID-19
was based on self-report and included dyssomnia and dysgeu-
sia. However, in sensitivity analyses our findings were robust
when incorporating less and more stringent criteria. Fourth,
ascertainment of OSA as well as other covariates in our models
was self-reported. Although this may have resulted in some
misclassification of these factors, we have no reason to believe
that it was differential. Therefore, to the extent that some mis-
classification existed, this would have biased our findings to the
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null. Finally, the COPE survey did not include all of the symp-
toms included in the RECOVER PASC score, which had not
been published at the time the COPE survey was developed and
initially administered. Nevertheless, the findings observed with
our modification of the PASC score were consistent with the
COPE and NICE definitions suggesting that they were similarly
representative of participants with PASC.

In summary, the prevalence of PASC ranged between 15.3%
and 38.9% in persons who previously had a COVID-19 infec-
tion. Insomnia, poor sleep quality, and short sleep duration are
highly prevalent and associated with higher odds of PASC.
Boosted vaccination for COVID-19 did not affect these obser-
vations. These findings emphasize the importance of sleep
disturbance in COVID-19 infection and PASC. Further longitu-
dinal studies are indicated to determine whether sleep distur-
bances are risk factors for the development of PASC.

ABBREVIATIONS

aOR, adjusted odds ratio

BREFSS, Behavioral Risk Factor Surveillance System
CI, confidence interval

COPE, COVID-19 Outbreak Public Evaluation

NICE, National Institute for Health and Care Excellence
ICOSSII, International COVID Sleep Study 11

OSA, obstructive sleep apnea

PASC, post-acute sequelae of SARS-CoV-2 infection
RECOVER, Researching COVID to Enhance Recovery
U.S., United States
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