
1999

INTRODUCTION
The world first encountered the coronavirus, SARS- CoV- 2, in 
December 2019. Infection by this virus is called COVID- 19. 
By mid- 2021 a pandemic of COVID- 19 had affected almost 
the entire planet, and successive waves of infection had immea-
surable effects on nations’ health, economies, and political sys-
tems. The successive waxing and waning rates of infection were 
impacted by properties of the virus (virulence, transmissibility, 
emergence of variants, medical risk factors), attempts at miti-
gation (masking, social distancing, lockdowns, vaccination), 
and other factors (vaccine hesitancy, political systems, and 
socioeconomics). By late 2021, about 5 million people world-
wide had died of COVID- 19.

Initially, the focus of the medical profession was on the 
severe respiratory infections, which often led to respiratory 
failure and death. It soon became apparent that other organ 
systems were affected1 and that long- term sequelae were fre-
quently present. Shortness of breath, fatigue, and brain “fog” 
were common persistent symptoms in some post–COVID-
 19 patients.2 People with persistent symptoms sometimes 
describe themselves as “long haulers,” and the condition in the 
medical literature is often called “post–COVID- 19 syndrome” 
or “long COVID- 19.” Clinics were established to follow post–
COVID- 19 patients.3 Almost a year after the first cases were 
reported, the first vaccines were approved for use.

The pandemic resulted in a change in the practice of sleep 
medicine—telemedicine was rapidly adopted in many parts 
of the world and greater reliance was placed on out- of- center 
testing and remote monitoring to protect patients and care-
givers.4 The pandemic has affected the mental health of the 
population.5 The anxiety and stress related to the pandemic 
had profound effects on the sleep of the uninfected general 

population. However, remote work and learning allowed many 
individuals to sleep for longer durations and with more regular 
timing. A great deal of sleep research focused on the effect 
of the pandemic.6 Additionally, many patients who recovered 
from infection were left with chronic sleep disorders. Patients 
with known sleep disorders (such as obstructive sleep apnea 
[OSA]) were at risk for complications when infected with 
SARS- CoV- 2.

In this chapter, we review what is known about COVID-
 19 and sleep. Research is continuing at a rapid pace to fur-
ther elucidate the many unanswered or inadequately answered 
questions. 

SLEEP IN THE UNINFECTED POPULATION
Sleep Disturbances
Anxiety, stress, changes in life (e.g., illness, employment, food 
security, education, lockdown) and evening increase in use of 
electronic devices6a related to the pandemic have led to a dra-
matic surge in people around the world becoming interested 
in7 and reporting sleep problems.8- 11 The prevalence of dis-
turbed sleep was cited at about 40% to 60% in general popula-
tions around the world.8,11

Nightmares (with negative content) were reported to be 
more frequent, especially in women, younger adults, and 
those with anxiety and depressive symptoms.12 Mandatory 
lockdowns resulted in a severe impact on sleep quality, espe-
cially in females, individuals with a low educational level, 
and those with financial problems.13- 15 There was an increase 
in hypnotic use in the general population.8,16 With succes-
sive waves of the pandemic, disturbed sleep persisted, and 
more evidence revealed that female gender, advanced age, 
low education, lower socioeconomic status, and evening 
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	•	 	The COVID- 19 pandemic resulted in an increase 
in sleep disorders and complaints such as 
insomnia, nightmares, and posttraumatic 
stress disorder (PTSD)–like syndrome among 
uninfected caregivers and the public.

	•	 	Restrictions to mitigate the spread of COVID- 19 
often resulted in increased time use flexibility 
and later, longer, and more consistently timed 
sleep.

	•	 	COVID- 19 infection affecting the respiratory, 
neurologic, and cardiovascular systems can 
result in downstream effects on sleep.

	•	 	Obesity and associated metabolic comorbidities 
common in obstructive sleep apnea were 
recognized as risk factors for patients severely 
affected with COVID- 19.

	•	 	Knowledge about the long- term impact of the 
COVID- 19 pandemic on the sleep of the public 
and those with sleep disorders is evolving.

	•	 	COVID- 19 has had a dramatic impact on the 
practice of sleep medicine throughout the 
world with the adoption of telemedicine and an 
increasing focus on home testing. Some of these 
changes are likely permanent.

Downloaded for Melanie Tucker (m.tucker.1@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
March 22, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



PART II • Section 23 Methodology2000

smartphone overuse predicted a higher risk of insomnia 
symptoms.17 Being high- risk for COVID- 19 infection, liv-
ing with a high- risk person for COVID- 19 infection, and 
having a relative/friend infected with COVID- 19 were risk 
factors for poor sleep quality.10,17 Sleep disturbances dur-
ing the COVID-19 pandemic were associated with a variety 
of negative symptoms such as depression, anxiety, psycho-
sis, rumination, and somatic symptoms.17a,b Poor sleep and 
mental health problems were alarmingly prevalent in eve-
ning chronotypes.17c

Sleep problems were present across age groups and affected 
children18,19 and college students20 in addition to adults. Chil-
dren with attention deficit hyperactivity disorder appeared 
particularly vulnerable to sleep disturbances during COVID-
19 social isolation and experienced psychological symptoms 
related to sleep problems.20a,b

There are documented positive effects of physical activity 
on sleep symptoms.21 Additionally, maintaining regular day-
time naps was an effective way to stabilize biologic rhythms, 
sleep patterns, and mental disorders.22 Fortunately, a reduc-
tion in sleep disturbances has been observed when confine-
ment restrictions were lifted (Figure 213.1).23 

Health Care Workers
Not surprisingly, the sleep of health care workers, especially 
those working in hospitals, has been negatively affected by 
the pandemic, with many having PTSD symptoms.24- 38,38a,38b 
Online cognitive- behavioral therapy for insomnia (CBT- I) 
programs are being developed for this population.39

It appears as though irregular sleeping patterns40 and shift 
work,41 which are both prevalent in the health care occupa-
tion, are associated with an increased risk of COVID- 19 
infection. The long- term outcome of these sleep problems in 
both the general and health care worker populations is unclear, 
but a matter of concern. 

Sleep Improvements
The increase in disturbed sleep was expected in the context 
of the abrupt and widespread psychological distress incited 
by the pandemic. However, sleep improvements were also 
observed in parallel with social isolation and increased utili-
zation of remote work and learning, which provided greater 
schedule flexibility for many individuals. For example, in a 
population of university students, time in bed devoted to sleep 
on weekdays increased from 7.9 ± 1.0 to 8.4 ± 1.1 hours.42 
Sleep irregularity, as measured by the standard deviation of 
sleep timing and duration, was also significantly reduced after 
stay- at- home orders.42 Additionally, the difference between 
weekday and weekend sleep times (social jet lag) decreased.42 
These improvements were accompanied by later sleep timing 
overall, and therefore stay at home orders may have conferred 
the opportunity to sleep in line with individual circadian pref-
erences.42 Similar findings have also been observed consis-
tently in nonuniversity populations and were even confirmed 
with objective, ambulatory monitoring.43- 48,48a However, 
despite increased sleep duration and consistency, sleep qual-
ity was often reduced.17c,43,45,46 Regardless, the pandemic 
revealed changes based on self- selection of sleep times, a phe-
nomena never observed before at such scale.49

Prepandemic sleep conditions may play a role in the dif-
ferential responses to confinement, as individuals with chronic 
insomnia experienced improvements in sleep quality dur-
ing lockdown, whereas 20% of prepandemic good sleep-
ers reported a deterioration in sleep quality.50 Interestingly, 
individuals who had previously received digital cognitive 
behavioral therapy for insomnia, appeared relatively resistant 
to the development of COVID19 lockdown related sleep 
disturbances.50a

Some individuals with specific sleep disorders experienced 
symptomatic improvements related to changes in day-to-
day life during the pandemic. For example, individuals with 
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Figure 213.1 Number of subjects reporting a positive (blue bars) or a negative (red bars) emotion in dreams dur-
ing the lockdown in Italy. Nightmares (with negative content) were more frequent, especially in women, younger 
adults, and those with anxiety and depressive symptoms Asterisks indicate significant chi- squares (P <0.05). A Pitts-
burgh Sleep Quality Index (PSQI) global score larger than 5 indicates a subjectively perceived poor sleep quality. 
The PSQI- A assesses nocturnal behaviors common in PTSD. A PSQI score greater than or equal to 4 suggests PTSD. 
State- Trait Anxiety Inventory (STAI- I, II) assesses anxiety symptoms. Scores greater than or equal to 40 indicate sig-
nificant anxiety levels. The Beck Depression Inventory- II (BDI- II; scores >13 are indicative of the presence of depres-
sive disorder. (Adapted from Gorgoni M, Scarpelli S, Alfonsi V, et al. Pandemic dreams: quantitative and qualitative 
features of the oneiric activity during the lockdown due to COVID-19 in Italy. Sleep Med. 2021;81:20-32.)
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central disorders of hypersomnolence attained more sleep and 
experienced less sleepiness. Even 54% of patients with type 
1 narcolepsy reported a decrease in cataplexy.50b Additionally, 
two cases of resolved delayed sleep-wake phase disorder were 
reported in the context of sleep schedule flexibility conferred 
by the lockdown.50c

Increased sleep consistency during the pandemic could 
have important relevance, given the finding that COVID- 19 
risk was 1.2- fold greater per 40- minute increase in variability 
in sleep timing.40 

VACCINATION
Starting very early in the pandemic, several vaccines were devel-
oped, some based on traditional platforms and some based on 
new mRNA technology. The following vaccine types were devel-
oped (all initially approved for emergency use) or in develop-
ment by late- 2021: inactivated virus, protein subunits, mRNA, 
and recombinant viral vector.51 There are significant challenges 
remaining in supplying vaccines globally.52 Sleep duration at 
the time of vaccination may affect efficacy.53 Side effects of vac-
cination were generally not life- threatening and were tempo-
rary; some people complained of decreased sleep quality.54,55 
Unfortunately, by the time the first vaccines were approved for 
emergency use, millions of people had been infected. For exam-
ple, on December 11, 2020, the day that the Pfizer- BioNTech 
was approved for use in the United States, there were 12,920 
deaths and 712,356 new cases of infection worldwide! Vaccine 
breakthrough infections occurred, especially as more transmis-
sible variants emerged.55a Infection by SARS- CoV- 2 is associ-
ated with devastating effects. 

PATHOPHYSIOLOGY OF COVID- 19 INFECTION
Respiratory System Infection
After inhalation of droplets or aerosols laden with SARS- 
CoV- 2, pneumonia and acute respiratory distress syndrome 
(ARDS) may develop via the angiotensin- converting enzyme 

II (ACE2) receptor.56 Infection can spread through the ACE2 
receptor further to various organs such as the heart, liver, kid-
ney, nervous system, vascular endothelium, immune system, 
and blood cells. This may be followed by a cytokine storm with 
the extensive release of proinflammatory cytokines.56

The presentation of SARS- Cov- 2 (COVID- 19) infec-
tion ranges from asymptomatic, to atypical pneumonia, to a 
hyperinflammatory state, to respiratory failure and ARDS 
(Figure 213.2) with many patients also having venous throm-
boembolic (VTE) disease and pulmonary embolism (PE).57 
Activation of neutrophils appears to play an important role 
in the severity of COVID- 19 infection and outcome (Figure 
213.3).58

Those most at risk were older men; individuals of black, 
Asian, and minority ethnicity; and those with obesity, hyper-
tension, and diabetes.59- 61 Initially, roughly 5% of infected 
patients required hospital intensive care unit (ICU) admis-
sion. The mortality of affected patients gradually decreased 
during the first year of the pandemic as treatments evolved. 
Patients in critical care units had the sleep problems associated 
with severe illness62 (see Chapter 158), exacerbated by severe 
anxiety and lack of emotional support of family members who 
were generally prevented from visiting patients. 

Long- Haul Respiratory Outcomes
Long- term sequelae are common in about a third of those who 
had been hospitalized and nonhospitalized during their acute 
infection.63,64 COVID- 19 “long- haulers” with respiratory 
symptoms have impaired lung function that is proportionate 
to the degree of acute lung injury during the acute infection. 
Biomarkers of inflammation, fibrosis, and alveolar repair may 
be the biologic drivers of the respiratory post–COVID- 19 
syndrome.65 More than half of hospitalized patients who have 
recovered from COVID- 19 pulmonary infections still have 
radiologic abnormalities up to 6 months after discharge.66,67 
Reduced lung diffusing capacity and shortness of breath (doc-
umented by abnormal Modified Medical Research Council) 
Dyspnea Scale) are also common 6 months after discharge 

Figure 213.2 The phases of COV-
ID- 19 infection. Many patients are in-
fected but are totally asymptomatic. 
In some patients, the disease pro-
gresses in a variable course through 
several overlapping phases, with 
changes in symptoms, laboratory 
findings, and therapy requirements.
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from hospital and are most abnormal in those who were the 
most ill in the hospital.66,68 After one year, many patients con-
tinue to have respiratory symptoms.68a

Upper airway symptoms are common,69 and some (e.g., 
hoarseness and dysphonia70) may persist. Post–COVID- 19 
patients (especially those who were treated in ICUs with tra-
cheal intubation or tracheostomy or high- flow oxygen) may 
have persistent respiratory symptoms because of persistent 
anatomic changes in the upper airways or the lungs.71 A large 
number of other symptoms (e.g., loss of hair, absent olfactory 
sense, palpitations) are present in a lower percentage of recov-
ered patients.

Thus follow- up of these patients is important.72 Patients 
may have breathlessness at rest and exercise and hypoxemia 
and disordered breathing during sleep. In one study about 
a third of post–COVID- 19 patients with sleep complaints 
had OSA.73 Although oximetry during walking is suggested 
for these patients to determine whether oxygen therapy is 
needed,57 we believe that assessment of oxygenation during 
sleep will be helpful. In patients with symptoms of sleep- 
disordered breathing, polysomnography or home sleep test-
ing may be indicated. Some patients may continue to have 
symptoms and physiologic abnormalities many months after 
the acute infection. 

Neurologic Effects of COVID- 19
Neurologic ramifications during and after infection with 
SARS- CoV- 2 are not uncommon and range from mild (e.g., 
anosmia, dysgeusia, and headaches) to severe (e.g., stroke 
and encephalopathy).74 Neurologic and/or psychiatric 

symptoms are identified in the vast majority of patients with 
significant COVID- 19 infections and often precede respi-
ratory symptoms.1,75,76 Respiratory abnormalities, when 
present, have been associated with more frequent neurologic 
symptoms.75

Direct effects of SARS- CoV- 2 on the nervous system, 
immune response to SARS- CoV- 2, and the resultant pro-
inflammatory and hypercoagulable states, in addition to 
consequences of critical illness in general, may underlie the 
neurologic outcomes in patients with COVID- 19.77 The 
olfactory mucosa may be a possible initial route of entry of 
SARS- CoV- 2 into the central nervous system (CNS) (Figure 
213.4).78 The most compelling evidence was an autopsy study 
of patients with COVID- 19 that identified viral particles and 
RNA in the olfactory mucosa and CNS areas that receive pro-
jections from the olfactory tract, suggesting axonal transfer.79 
Additionally, SARS- CoV- 2 was found in areas that are not 
connected to the olfactory mucosa, and therefore the CNS 
could be invaded via viral transport across the blood–brain bar-
rier or through the CNS epithelium.79 In CNS tissue where 
SARS- CoV- 2 RNA was identified, an inflammatory response 
mediated by microglia was observed.79 Increased immunore-
activity for SARS- CoV- 2 was also noted in the endothelial 
cells in acute areas of infarction on brain autopsy, which dem-
onstrates the potential of various mechanisms of direct CNS 
impact of COVID- 19.79 Notably, evidence of SARS- CoV- 2 
in the brainstem may reveal a centrally mediated contribution 
to the profound respiratory dysfunction in COVID- 19.79

Although the ACE2 receptor is the docking receptor for 
SARS- CoV- 2 and there is evidence of ACE2 receptors in 
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Figure 213.3 After infection with SARS- CoV- 2, neutrophil development and activation lead to the development 
of severe COVID- 19. Emergency granulopoiesis in the bone marrow (A), driven by granulocyte colony- stimulating 
factor (G- CSF) stimulate rapid neutrophil development and egress (B) into the bloodstream of immature neu-
trophils, which then differentiate into mature neutrophils (C), which are attracted to the lung (D), and perhaps 
the nervous system, by the chemokine IL- 8 (CXCL8). When activated, these neutrophils degranulate (E), releasing 
resistin, lipocalin- 2, HGF, and MMP- 8. Thus the activation of neutrophils leads to the damage that may contribute 
to severe COVID- 19 and clinical decompensation. (Adapted from Meizlish ML, Pine AB, Bishai JD, et al. A neutrophil 
activation signature predicts critical illness and mortality in COVID- 19. Blood Adv. 2021;5[5]:1164- 1177.)
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neurons and glial cells of the human CNS, the exact role of 
ACE2 in mediating the neurologic effects of COVID- 19 is 
unclear.77 The actual evidence of SARS- CoV- 2 invasion into 
the CNS is based on a small sample of patients and requires 
replication.

In addition to possible direct infection of the nervous sys-
tem, the systemic effects of COVID- 19 are detrimental to the 
nervous system. For example, proinflammatory cytokines are 
thought to play a role specifically in childhood multisystem 
inflammatory syndrome (MIS- C),80 and hypercoagulable 
states may result in thrombotic and cardioembolic strokes.77 
Postinfectious immune- mediated processes may result in 
neurologic sequela after infection.77 Conversely, COVID- 19 
infection can have a deleterious effect on patients who already 
have a preexisting neurologic disorder (Figure 213.4).81

There are diverse neurologic outcomes as a result of 
acute infection. Mild, nonspecific symptoms such as myal-
gias, headaches, and dizziness are common,1 and in some 
cohorts, anosmia and dysgeusia were present in nearly 90% 
of patients.82 Of particular concern are the more severe neu-
rologic manifestations reported in patients with COVID- 19. 
Encephalopathy is frequently observed83,84 and likely mul-
tifactorial in origin, with contributions from critical illness 
in general, as opposed to COVID- 19 specifically. Stroke 
(primarily ischemic) is a complicating factor in COVID-
 19 patients85,86 and associated with increased mortality 
and more severe disability upon hospital discharge.86 The 
hypercoagulable, proinflammatory condition observed in 
COVID- 19 likely contributes to thrombotic or, when com-
bined with cardiac abnormalities, cardioembolic stroke.87 
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Figure 213.4 Possible SARS- CoV- 2 invasion pathways in the brain. SARS- CoV- 2 may access the central nerv-
ous system (yellow arrows) via the olfactory nerve (A) or circulation (B). In (A), the virus is carried by the axons of 
the olfactory sensory neurons into the OLB toward the PVN. SARS- CoV- 2 is transported to the cytoplasm medi-
ated by ACE2 and proteases in PVN. Subsequently, the viral RNA is replicated, transcribed, and translated by viral 
proteins inside the cell. The viral protein and RNA are assembled to constitute a new virion to be released in the 
neuronal membrane. B, The SARS- CoV- 2 moves from blood to extracellular fluid in circumventricular organs. This 
virus can enter SFO neurons through ACE2. ACE2, Angiotensin- converting enzyme2; OLB, bulb olfactory; PVN, 
paraventricular hypothalamic nucleus; SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2; SFO, sub-
fornical organ; SON, supraoptic hypothalamic nucleus. (Adapted from de Melo IS, Sabino- Silva R, Cunha TM, et al. 
Hydroelectrolytic disorder in COVID- 19 patients: Evidence supporting the involvement of subfornical organ and 
paraventricular nucleus of the hypothalamus [published online ahead of print, 2021 Feb 10]. Neurosci Biobehav Rev. 
2021;124:216- 223.)

Downloaded for Melanie Tucker (m.tucker.1@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
March 22, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



PART II • Section 23 Methodology2004

Intraparenchymal bleeds are reported less frequently and 
typically in the context of hemorrhagic transformation of 
ischemic stroke or use of anticoagulation.88

Although Guillain- Barre syndrome (GBS) is often precipi-
tated by infectious agents, and numerous cases of SARS- CoV- 2 
infection as a potential cause of GBS are reported,89 larger epi-
demiologic studies have not revealed the surge of GBS cases 
that would be expected during a pandemic.90 Therefore a defini-
tive link cannot yet be established. Other identified peripheral 
nervous system complications include cases of myopathy and 
focal and multifocal neuropathies related to COVID- 19.91

Rare but serious neurologic complications of COVID- 19 
include meningoencephalitis, both with and without the pres-
ence of SARS- CoV- 2 identified in the cerebrospinal fluid, 
although the accuracy of testing in these cases remains in ques-
tion,74 and life- threatening acute disseminated encephalomy-
elitis and acute hemorrhagic necrotizing encephalopathy.80 

Long- Haul Neurologic Outcomes
Survivors of severe COVID- 19 infection must be followed 
for the possibility of cognitive impairment, psychiatric, 
and/or physical disability.81 Complete remission of neuro-
logic symptoms has been reported in about three- quarters 
of patients75; however, residual fatigue, disturbed sleep, and 
cognitive complaints are common.66,67 As time elapses, a 
greater understanding of chronic neurologic sequela related 
to COVID- 19 is expected. Already, cognitive impairment 
was confirmed with neuropsychological testing in 38% of 
individuals with persistent symptoms 4 months after hos-
pital admission.67 Anecdotally, postural orthostatic tachy-
cardia syndrome (POTS) has been observed, and the first 
published case series confirmed POTS in three individuals 3 
months after infection.92 The pathophysiologic mechanism 
remains unclear, though chronic inflammatory or autoim-
mune responses are suspected.

Notably, after recovery from COVID- 19, polysomnogra-
phy performed in a small group of patients revealed stage R 
sleep without atonia in 36%. Lack of current or premorbid 
complex behaviors during sleep and no use of medications 
known to elevate electromyogram tone in stage R at the time 
of the study suggest the possibility that COVID- 19 may 
affect neurologic pathways that preserve atonia of stage R 
sleep.73

Psychiatric symptoms are often protracted, with more 
than one- third of patients who recover from acute COVID-
 19 infection experiencing PTSD, anxiety, or depression 50 
days after diagnosis, despite recovery.93 Abnormal scores on 
the anxiety subscale of the Hospital Anxiety and Depres-
sion scale, Beck depression inventory, and the posttrau-
matic stress disorder checklist were noted in 31%, 21%, and 
14% of patients, respectively, 4 months after discharge.67 
Whether these persistent symptoms represent a direct CNS 
impact of infection or a response to the acute stressor of ill-
ness remains unclear, though some data implicate chronic 
inflammation.94

A large study from the originating location of the pan-
demic may provide the greatest insight into the prevalence 
of post- COVID symptoms.66 In a cohort from Wuhan, the 
most common symptoms persisting in survivors 6 months 
after COVID- 19 were fatigue or muscle weakness (63%), 
sleep difficulties (26%), and anxiety or depression (23%).66 
Collectively, the neurologic and psychiatric consequences of 

COVID- 19 may underlie the resultant sleep disruption dur-
ing and after infection with SARS- CoV- 2. 

Cardiovascular System
The cardiovascular system can be affected by the entry of 
COVID- 19 through the ACE2 receptors,56 direct cardiac 
injury, increased immunothrombotic processes, stress cardio-
myopathy, and pulmonary hypertension related to respiratory 
failure and the COVID- induced cytokine storm.95,96 Various 
mechanisms may play a role, including infiltration of inflam-
matory cells, which could impair cardiac function; proin-
flammatory cytokines (monocyte chemoattractant protein- 1, 
interleukin- 1β; interleukin- 6; tumor necrosis factor-α) that 
could cause necrosis of the myocardium; endothelial injury; 
severe hypoxia; and pulmonary hypertension from ARDS.97 
Some data are beginning to suggest that the immunothrom-
botic process (predominantly microvascular) may be the key 
driving mechanism damaging the heart.97a

Thromboembolic complications have been reported, 
including PE, cerebral venous thrombosis, and stroke.96 In 
the Yale COVID- 19 Cardiovascular Registry,98 about 40% of 
patients hospitalized with COVID- 19 had preexisting cardio-
vascular diseases, such as coronary artery disease, heart fail-
ure, and atrial fibrillation. Major adverse cardiovascular events 
(e.g., myocardial infarction, stroke, acute decompensated heart 
failure, or cardiogenic shock) occurred in 23% of the admitted 
patients.98 New onset of heart failure occurred in a quarter of 
hospitalized COVID- 19 patients, in about one- third of those 
admitted to the critical care units.95 There has been high mor-
tality in such patients.96 

Long- Haul Cardiovascular Outcomes
In survivors of COVID who had not initially had heart failure, 
there may be the late onset of cardiovascular complications 
with myocarditis- like changes (revealed by cardiac magnetic 
resonance imaging) or related to chronic inflammation.99,100 
Persistent myocardial inflammation caused by a postviral 
autoimmune response may lead to incomplete recovery with 
residual cardiac dysfunction and remodeling of the left ven-
tricle.99 Thus COVID- 19 survivors may be at risk of devel-
oping persistent residual myocardial injury and heart failure. 
Symptoms such as shortness of breath (at rest and activity), 
fatigue, and chronic cough are common. Persistent hyperten-
sion and persistently elevated heart rates have been reported.96 
Sleep- disordered breathing is an expected outcome in patients 
with chronic heart failure (Figure 213.5). 

PHENOTYPES OF COVID- 19–RELATED SLEEP 
SYMPTOMS AND DISORDERS
In general, disturbed sleep is common in individuals infected 
with COVID- 19, with pooled prevalence estimates from 35% 
to 75%,11,101,101a and chronic sleep problems might emerge, 
as occurred with previous pandemics.102 In an investigation 
of 646 COVID- 19 patients, more than one- third had sleep 
disturbances, with a median total sleep disturbance duration 
of 7 days (interquartile range [IQR] 4.0–15.0).75 No statisti-
cally significant difference in sleep disturbances was identified 
between those that did and did not require hospitalization.75 
Although most investigations have evaluated sleep disturbances 
on a global level, for example, with the Pittsburgh Sleep Quality 
Index (PSQI),11,101 specific sleep disorders have also emerged.
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Figure 213.5 SARS- CoV- 2 effect on the cardiovascular system. There are many mechanisms whereby COVID- 19 
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New- Onset Insomnia
Acute psychological distress that accompanies COVID-
 19 infection may precipitate insomnia.103 About a third of 
patients with severe infections were found to have a neuro-
logic or psychiatric disorder within 6 months after hospital 
discharge.104 Different populations of COVID- 19 patients 
have demonstrated a high prevalence of insomnia. Just over 
half of a large cohort of confirmed COVID- 19 patients, both 
outpatient and hospitalized, reported insomnia and cited 
anxiety, respiratory symptoms, pain, and fever as disrupting 
their sleep.75 When insomnia is defined as an insomnia sever-
ity index (ISI) score greater than 7, a meta- analysis of 584 
patients across three studies estimated insomnia prevalence 
of approximately 30%.101 The evaluation of sleep in patients 
with COVID- 19 has primarily used subjective tools (ques-
tionnaires, interview); however, in four hospitalized patients 
who were recorded with wrist actigraphy, those with the most 
severe respiratory symptoms and required extended admission 
to the ICU were found to have lower objective sleep efficiency 
and higher sleep fragmentation than those with more mild 
courses.62

Because psychological distress and psychiatric morbid-
ity may persist105 after recovery from COVID,93 the risk of 
insomnia may remain, 26% of patients report disturbed sleep 
at follow- up,66 and more than 50% of patients were identi-
fied with insomnia based on ISI scores 4 months after dis-
charge from hospitalization.67 Insomnia is more common in 
patients who had been severely affected at 6 months after dis-
charge compared with patients who have had other respiratory 
infections.104 

Other Nonsleep- Disordered Breathing Sleep 
Disorders
Day- night reversal (12%) and hypersomnia (17%) have also 
been reported in conjunction with COVID- 19, though spe-
cific details regarding how these diagnoses were made are 
unclear.75 Additionally, a case of restless legs syndrome onset 
timed with COVID- 19 that resolved with recovery was 
observed.106 

New- Onset Sleep Breathing Disorders
As mentioned earlier, patients who had been infected with 
COVID- 19 may have residual respiratory pathology, which 
could lead to chronic V/Q mismatching, resulting in hypox-
emia. In one of the author’s (MK) experience, those with day-
time hypoxemia may have disturbed sleep.

In addition, we have had post–COVID- 19 patients who 
were diagnosed for the first time with OSA (see later) shortly 
after discharge and 49 of 67 COVID-19 patients who survived 
ARDS and underwent PSG were found to have moderate to 
severe OSA 4 to 6 weeks after discharge. Another investiga-
tion revealed that OSA diagnosed after discharge was associ-
ated with 6-fold greater odds of ARDS while infected with 
SARS-CoV-2.106a,106b We have seen OSA develop in patients 
who have substantial weight gain, which was common during 
the pandemic.107 Hoarseness, which seems common in some 
post–COVID- 19 patients,69 may represent an upper airway 
pathology that predisposes to OSA. 

Obstructive Sleep Apnea
Comorbidities such as cardiovascular disease, diabetes, hyper-
tension, chronic lung disease, chronic kidney disease, and 

tobacco use are associated with more severe manifestations of 
COVID- 19 illness and increased mortality.108- 113 Therefore 
the potential relationship between OSA and COVID- 19 has 
garnered much attention, and OSA patients with COVID- 19 
appear to have greater morbidity and mortality.114- 125,125a- d

Potential mechanisms implicated in severe outcomes in 
patients with COVID- 19 and OSA are as follows. Because 
ACE2 is the entry receptor of SARS- CoV- 2, increased 
expression of ACE and dysregulation of the renin- angiotensin 
system by OSA could promote SARS- CoV- 2 infection.119,120 
Moreover, OSA (and, if present, obesity hypoventilation syn-
drome) could worsen hypoxemia in pneumonia secondary to 
COVID- 19, and potentially, the proinflammatory states of 
OSA and obesity might augment the cytokine storm.121

Black Americans are particularly at risk of COVID- 19 
infection because they often have the preexisting metabolic 
burden (e.g., obesity, hypertension, and diabetes) that is known 
to be a risk factor for COVID- 19, and about half of those 
with the metabolic burden are at risk of having OSA.126 In 
one large series, patients with OSA had an eight fold greater 
risk for COVID- 19 infection controls receiving care in a large, 
racially, and socioeconomically diverse health care system.124

Additionally, OSA has been associated with an increased 
risk of hospitalization,123,124,125a,b and, in large investigations 
of hospitalized patients with COVID- 19, prevalence has been 
cited at 12%118 and 20%.116 Increased risk of critical care 
requirement, need for mechanical ventilation, and death has 
been observed in OSA patients infected with SARS- CoV- 
2.114,124,125,125e However, findings have been discrepant125f and 
the contribution of OSA to COVID- 19–related outcomes 
may be attenuated when controlling for body mass index 
(BMI), hypertension, diabetes, and chronic lung disease.114,125c

Paradoxically, in a diabetic population, “treated” OSA was 
associated with increased mortality at day 7 of admission 
despite control for age, sex, comorbidities, and medications.118 
However, how individuals with “treated OSA” were identified is 
not detailed and could refer to treatment ordered, self- reported 
treatment use, or objectively confirmed treatment of OSA (by 
assessment of positive airway pressure [PAP]–generated adher-
ence data). Therefore whether the relationship between treated 
OSA and death reflects a detriment of OSA, treatment of 
OSA, or an unmeasured confounder remains unclear. In indi-
viduals with diagnostic sleep study data, apnea- hypopnea index, 
minimum oxygen saturation by pulse oximetry (SpO2), mean 
SpO2, and time Spo2 less than 88% did not appear related to 
need for mechanical ventilation, vasopressors, or death.116 The 
relationship between OSA and COVID- 19 outcomes remains 
an active area of investigation.

Therapeutic Considerations
Ambulatory patients with mild- to- moderate OSA who have 
contracted COVID- 19 should consider not using PAP dur-
ing the active infectious phase.127 Coughing, in particular, may 
interfere with the patient’s ability to use PAP. Pulse oximeters 
were being widely used to monitor SpO2 levels; however, the 
validity and accuracy of such devices may be problematic, 
especially in darkly pigmented people.128,129 Patients with 
known OSA and COVID- 19 who are not hospitalized might 
require modification of PAP circuits to minimize viral shed-
ding.130 In addition, noninvasive ventilation may mask dete-
rioration of clinical status.131 Known OSA patients 1 month 
after recovery from COVID- 19 infection required an increase 
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Figure 213.6 Phenotypes of long COVID clinical phenotypes. Some pa-
tients present with symptoms with primarily one symptom: brain fog, short-
ness of breath, or fatigue. Many patients also have mixed phenotypes or over-
lapping symptoms. The size of each circle is proportional to the number of 
patients. (Adapted from Writing Committee for the COMEBAC Study Group, 
Morin L, Savale L, et al. Four- month clinical status of a cohort of patients after 
hospitalization for COVID- 19. JAMA. 2021;325[15]:1525- 1534.)

in autoadjusting CPAP pressure. This suggests that COVID-
 19 affects the upper airways and not just the lungs.132 

Role of Other Preexisting Sleep Disorders
Additionally, sleep disruption, independent of sleep- 
disordered breathing, has been proposed as a potential fac-
tor in COVID- 19 outcomes. Sleep deprivation is associated 
with increases in the same proinflammatory cytokines (inter-
leukin- 6 and tumor necrosis factor-α) associated with severe 
COVID- 19 infection.133 Sleep deprivation increases viral sus-
ceptibility, increases resistance to the antiinflammatory effects 
of corticosteroids, and increases mortality in the face of septic 
challenges in experimental animal models and therefore may 
be associated with worse outcomes after COVID- 19 infec-
tion.120,133 Additionally, sleep deprivation in animals induces 
pulmonary inflammation, which may be of particular rel-
evance to COVID- 19 pathogenesis.133

Despite the theoretical mechanisms, minimal data are 
available regarding other sleep disorders and COVID- 19 
risk or outcomes. Increased odds of COVID- 19 infection in 
association with increased sleep variability (odds ratio [OR], 
1.21; 95% confidence interval [CI], 1.08–1.35)40 and shift 
work (OR, 1.81; 95% CI, 1.04–3.18), irrespective of occupa-
tion,41 suggests that circadian disruption may be a risk factor. 
In a group of hospitalized patients with COVID- 19, 11% had 
insomnia and 4% had restless legs syndrome or periodic limb 
movements disorder, though no significant relationship was 
apparent between these diagnoses and outcomes.116 

CHANGES IN THE PRACTICE OF SLEEP MEDICINE
There were dramatic changes in the practice of sleep medicine 
when the pandemic began to protect patients and staff.4,134- 
136,136a,b Many clinics closed entirely, whereas others continued 
to operate, but switched entirely to home sleep testing and telem
edicine.136a,b,137 Either telephone or video- based encounters were 
used. There were difficulties with many patients who were unable 
to master or could not use computers or smartphones to com-
plete their encounters. As the pandemic eased, clinics increased 
in- clinic visits and in- lab evaluations, but with enhanced safety 
measures in place.138 Often a negative test for COVID- 19 was 
required before a test or a face- to- face encounter in the clinic. It 
is likely that telemedicine, which was proven effective in many 
patients during the height of the pandemic, will continue to a 
degree because it was convenient for many patients.

Many durable medical device companies stopped face- 
to- face education and mask fitting. Remote monitoring for 
adherence and efficacy and adjustment of PAP devices with 
built- in modems became widely used. Even web- based mask 
fitting systems were introduced.

Some of the telemedicine aspects that were adopted dur-
ing the height of the pandemic will likely continue once the 
pandemic is over.139 

USE OF WEARABLE AND REMOTE SLEEP 
TECHNOLOGY
The ubiquitous nature of consumer- facing wearable devices, 
which track activity, cardiac, and sleep metrics, presented 
an opportunity to identify predictors of COVID- 19 in the 
ambulatory environment at scale.140- 143 Alterations in wear-
able acquired resting heart rate (RHR), activity, and sleep 

were identified in 26 of 32 patients with COVID- 19 infec-
tion, and these abnormalities were seen before or at the start 
of symptom items in 85% of patients.144 In 2754 individuals 
infected by the SARS- CoV- 2 virus, a model that incorporated 
Fitbit- measured RHR, respiratory rate, and heart rate vari-
ability (HRV) predicted illness with an area under the curve 
(AUC) of 0.77 ± 0.018.145 When investigators added wearable 
sensor data to self- report symptoms, the ability to distinguish 
positive from negative COVID- 19 cases among symptomatic 
individuals improved markedly (AUC = 0.71; IQR: 0.63–0.79 
versus AUC 0.80; IQR: 0.73–0.86).146 The DETECT147 and 
TemPredict148 provide further information regarding the role 
of wearable technologies in public health. 

THE FUTURE
As mentioned earlier, many patients who have recovered from 
COVID- 19 have chronic symptoms.67,105 Sleep problems are 
common in this group.149 The long- term outcome of these 
patients is unknown at this time (Figure 213.6). As the pan-
demic wanes and the world is being vaccinated with the first 
generation of COVID- 19 vaccines, there is and still will be 
a great deal of uncertainty related to emerging viral variants. 
Overall there has been a dramatic reduction in the number of 
cases and deaths worldwide (Figure 213.7).150,151 Even once 
the pandemic is over, there will likely be many patients around 
the world who will have sleep problems related to the pan-
demic. Sleep medicine reacted quickly during the pandemic 
to optimize the care of patients. What has been learned will 
be helpful, and some of the clinical procedures will continue to 
be used. More important is that the field will be able to pivot 
quickly when confronted by future pandemics. 

SUMMARY
The relationship between sleep and COVID- 19 is multifaceted. 
The pandemic itself and social isolation have been detrimental 
for some (insomnia related to stress, anxiety, and/or depression) 
and seemingly beneficial for others (prolonged sleep duration 
and the ability to sleep within circadian preferences). COVID-
 19 infection appears to affect sleep directly with resultant acute 
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Figure 213.7 Impact of vaccination on the COVID pandemic. The first vaccine was approved in the United States 
on December 11, 2020. There has been a reduction in the number of cases and deaths worldwide, but in the sum-
mer of 2021 infections increased due to the emergence of variants. (https://www.worldometers.info/coronavirus/).

and chronic insomnia, sleep- disordered breathing, and dysreg-
ulation of motor control in rapid eye movement (REM) and 
indirectly through the psychological stress of illness. The Inter-
national COVID‐19 Sleep Study (ICOSS) aims to increase our 
understanding of the impact of COVID- 19 on various aspects 
of sleep and circadian rhythms through harmonized measures 
and will likely clarify many of the questions that remain in this 
chapter.152 The practice of sleep medicine not only survived this 
worldwide insult but was able to thrive and serve our patients 
through rapid adoption of telemedicine, remote testing and 
monitoring, and by leveraging other technological solutions. 
Lessons learned during this unprecedented time will likely 
inform and promote innovation in our field for years to come.

Many patients hospitalized for COVID- 19 infection have 
long- term medical and/or psychological sequela that may 
affect their sleep. All such individuals should be followed. 
Patients who recovered without hospital treatment may still 
have long- term sequelae. Even patients never infected may 
have sleep disorders related to the psychological impact of 
the pandemic and lockdown. Many unknowns remain about 
patients with long- haul consequences. How this pandemic 
will ultimately evolve (continue in waves, continue as an 
endemic or perhaps a seasonal disease, or disappear) is the 
biggest unknown.

CLINICAL PEARL
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REVIEW QUESTIONS
 1.  Which of the following is a possible mechanism of SARS- 

CoV- 2 entry into the central nervous system?
 A.  Aquaporin- 4 water channel transport
 B.  Olfactory mucosa followed by axonal transport
 C.  Ligand- gated ion channel transport
 D.  Alpha- 2- delta ligand agonism

 2.  What symptom is most likely to persist after COVID- 19 
infection?

 A.  Sore throat
 B.  Myoclonus
 C.  Diarrhea
 D.  Fatigue

 3.  The following sleep patterns have been reported in cohorts 
of uninfected populations in association with the pandemic:

 A.  Delay in sleep timing
 B.  Increased sleep duration
 C.  Reduced “social jet lag”
 D.  Nightmares
 E.  All of the above

 4.  Which statement best describes the relationship between 
obstructive sleep apnea (OSA) and COVID- 19?

 A.  OSA appears unrelated to the risk of infection with 
SARS- CoV- 2.

 B.  OSA is not associated with COVID- 19–related out-
comes.

 C.  Patients with OSA appear to have worse COVID- 19–
related outcomes, including hospitalization and respira-
tory failure.

 D.  Positive airway pressure (PAP) setting requirements 
remain stable after COVID- 19.
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ANSWERS
 1.  B. The explanation for this answer can be found in the sec-

tion Neurologic Effects of COVID- 19.

 2.  D. The explanation for this answer can be found in the sec-
tion Long- Haul Neurologic Effects of COVID- 19.

 3.  E. The explanation for this answer can be found in the sec-
tion Sleep in the Uninfected Population.

 4.  C. The explanation for this answer can be found in the sec-
tion Obstructive Sleep Apnea.
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