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Foreword

The COVID-19 pandemic had and continues to have profound effects on the world’s
health and economy. COVID-related morbidity and mortality, long COVID, COVID
variants, and threat of new outbreaks mark the virus’ impact on world health, while
lockdowns, work stoppages, workdays lost, mobilization of healthcare systems,
vaccine development efforts, and supply-chain breakdowns each add to COVID’s
burden to the world’s economy.

The editors of COVID-19 and Sleep: A Global Outlook have chosen to examine
the impact of the COVID-19 pandemic through its impact on and interactions with
the essential physiological processes of sleep and circadian rhythms. They have
assembled an international corps of experts in sleep and circadian rhythm research
and medicine to explore sleep/COVID relationships. COVID impacts sleep directly
in those who became infected and indirectly both in those who treat COVID patients
and those who suffer the impact of the public health measures of lockdown and
social distancing. Very often, these sleep disruptions were accompanied by cognitive
and functional impairment as well as mental health disturbances such as increased
depression or anxiety. Further, regular sufficient sleep promotes immune function
and correspondingly disturbed sleep leads to immune function compromise.

COVID-19 and Sleep: A Global Outlook offers a comprehensive and authorita-
tive exploration of the interactions of sleep and circadian rhythms and COVID-19.
These explorations address a wide range of important topics, including, among
others, sleep and circadian rhythm and immune system interactions, impact of
COVID-19 and resultant lockdowns on sleep in various populations, interactions
of COVID-19 with various sleep disorders, long-term impact of COVID-19 on sleep
and circadian rhythms, interventions to improve sleep during COVID-19, and
impact of the pandemic on the practice of sleep medicine.

The occurrence of another COVID pandemic is a potential threat to world health
for which we must be prepared. Much has been learned from the world response to
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COVID-19 that will allow for such a future pandemic to be better faced. COVID-19
and Sleep: A Global Outlook provides an outstanding compendium of the lessons
learned, knowledge gained, and directions for future research concerning the role of
sleep during such a world health crisis.

viii Foreword

Psychiatry and Behavioral Sciences,
University of Washington, Seattle, WA,
USA

Michael V. Vitiello



Preface

The editors are pleased to present the first edition of COVID-19 and Sleep: A Global
Outlook, which has been included in the prestigious Progress in Sleep Research
series. As editors, we are pleased about this decision as our volume fits perfectly in
this landmark biomedicine and clinical sciences series from Springer.

All animal species require sleep, which shows that sleep is essential for
maintaining essential functions. However, the time people spend sleeping at night
is decreasing, and this trend is becoming more pronounced in modern 24-h societies.
According to epidemiological and experimental studies, sleep deprivation has been
linked to deleterious effects on physical and mental health, well-being, longevity,
and general health-related quality of life.

Immune interactions related to sleep are a common occurrence in real life and
conventional wisdom. Being sick makes us sleepy and want to sleep more, which is
why getting a good night’s sleep is sometimes referred to as “nature’s best medicine”
for infections. It is believed that improving sleep during an infection will act as a
feedback loop for the immune system to support host defense. Therefore, sleep
promotes host resistance against infection and inflammatory stimuli by acting as an
immune-supportive mechanism. Indeed, sleep influences several immune parame-
ters, is linked to a lower risk of illness, and can enhance the course of infection and
the effectiveness of vaccinations.

Numerous research conducted over the past few decades have explicitly demon-
strated that sleep and immunity have mutually beneficial interactions. Notably, sleep
and the immune system seem to work in tandem, particularly when the body is
fending off illness. Immune system operations are strongly regulated by sleep and
the circadian (~24-h periodicity) rhythm, which affects how well our body defends
itself innately and adaptively. Along these lines, chronic sleep deprivation is
believed to impair our body’s immune system, making us more susceptible to
infections such as the common cold. The immune system is stimulated by microbial
challenges, which results in an inflammatory response. This reaction can either
increase sleep duration and intensity or interrupt sleep depending on its severity

ix



and time course. A chronic inflammatory state and an increased risk for infectious/
inflammatory pathologies, such as cardiometabolic, neoplastic, autoimmune, and
neurodegenerative dysfunctions, have been linked to sleep deprivation and altered
innate and adaptive immunological parameters.

x Preface

To enhance physical and mental well-being across animal species, including
humans, sleep quality and adaptation to individual and environmental conditions
are crucial. The connection between sleep and the immune system and how sleep
disruptions may upset the delicate balance with serious consequences for health
outcomes have been the subject of growing evidence in recent years.

Sleep has drawn particular attention in recent years due to its possible impact on
the immune system. Several studies have shown that lack of sleep alters several
immune system components, including the percentages of cell subpopulations and
cytokine levels, making people less resistant to infections, particularly viral infec-
tions [1]. Additionally, the immune response to infections affects sleep patterns,
indicating a possible bidirectional relationship between sleep and immune responses
[2].

In this specialized volume, the editors have come together to address the current
coronavirus disease (COVID-19) pandemic crisis. COVID-19 transformed into a
horrible global public health problem that impacted the general people’s and
healthcare professionals’ sleep and mental health. This stressful situation signifi-
cantly impacted everyone’s everyday activities and sleep patterns, affecting hun-
dreds of millions worldwide. Moreover, systematic reviews have reported a high
prevalence of sleep problems globally, with the most affected groups being patients
with COVID-19 and healthcare workers, in addition to the general public [3–5].
During the pandemic and lockdown, insomnia symptoms, circadian rhythm disrup-
tion, dream recall frequency, and nightmares were common. Additionally, subse-
quent studies suggested that some sleep disorders could be linked to COVID-19. For
example, evidence suggests that OSA patients may be more likely to experience
severe COVID-19 [6].

The term “long COVID” has recently appeared, reflecting the persistence of some
symptoms, after recovery from the acute illness, for weeks to months following a
relapsing and remitting course. It has been shown that sleep problems may persist
months after COVID-19 infection [7]. A recent international survey of 14,000
participants from 16 nations reported that long-lasting sleep problems, such as
insomnia and excessive daytime sleepiness in COVID-19 patients, were linked to
the disease’s severity [8].

Moreover, the quarantine, curfew, and infection control measures have changed
the medical practice during the pandemic, affecting sleep medicine practice and the
performance of diagnostic and therapeutic sleep medicine procedures. Therefore, to
meet the pandemic’s demands and unforeseen circumstances, COVID-19 required a
significant adjustment in healthcare policies and practices, such as the complete shift
to home sleep apnea testing and telemedicine [9, 10].

To address current pandemics and upcoming ones, it is therefore vital to compile
all of this accumulating data for academics and practitioners in one volume. This
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volume combines novel basic research and clinical aspects and is the first of its kind
to take a critical look at the rapidly expanding areas linking COVID-19 with sleep
science, sleep disorders, and sleep medicine practice. The practical importance and
the availability of new data were taken into consideration while selecting the topics
for this volume, though the majority of authors emphasize the need for more
research. The volume brings together leading international scientists and clinical
researchers to present research at the forefront of this field and explore the ramifi-
cations of advances in these cutting-edge areas, as well as their implications for an
improved treatment paradigm. Additionally, each contributor represents a particular
area of expertise in the study of sleep and COVID-19 and hails from a different
world region. We expect this volume to provide an authoritative reference resource
for researchers, practitioners, trainees, and students.

Preface xi

This specialty volume covers a wide range of important topics related to COVID-
19 and sleep, including the link between sleep and circadian rhythm with the
immune system, sleep disturbances and circadian rhythm disorders in various
populations during the COVID-19 pandemic, impact of COVID-19 infection and
pandemic on common sleep disorders, management of sleep disorders during the
COVID-19 pandemic, role of telemedicine in the management of sleep disorders
during pandemics, running of sleep medicine services during pandemics, and pos-
itive airway pressure management and the risk of aerosol during pandemics. This
volume will be a great addition to the growing data on the impact of COVID-19 on
sleep, sleep disorders, and sleep medicine.

We consider ourselves fortunate to have compiled this volume. We learned a lot
while editing this important volume as part of our assignment. We sincerely hope
that readers will find this volume extremely useful as a research and clinical
resource. We sincerely hope that this volume will be useful to researchers and
clinicians in the field. However, as the topic is evolving, this book aims as well to
spark further discussion and stimulate more research ideas.
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About This Volume

This volume combines novel basic research and clinical aspects and is the first of its
kind to take a critical look at the rapidly expanding areas linking COVID-19
pandemic infection with sleep, circadian rhythm, and sleep disorders. The volume
brings together leading international scientists and clinical researchers to present
research at the forefront of this biomedical field and explore the ramifications of
advances in these cutting-edge areas, as well as their implications for an improved
treatment paradigm. Topics covered include, but are not limited to, the following
themes:

• The link between sleep and circadian rhythm with the immune system
• Sleep disturbances in various populations during the COVID-19 pandemic
• Sleep during the COVID-19 pandemic: structural inequity and racial disparity
• The impact of COVID-19 infection and pandemic on common sleep disorders
• Management of sleep disorders during the COVID-19 pandemic
• Running of sleep medicine services during pandemics
• Positive airway pressure management and the risk of aerosol during pandemics
• The role of telemedicine in the management of sleep disorders during pandemics
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Chapter 1
The Effect of Sleep Disruption
and Circadian Misalignment
on the Immune System

Sergio Garbarino, Nicola Luigi Bragazzi, and Egeria Scoditti

Abstract Sleep disruption and circadian misalignment are associated with an
increased risk for infectious and inflammatory pathologies, including
cardiometabolic, neoplastic, autoimmune, and neurodegenerative diseases. Sleep
and circadian rhythms are closely involved in the regulation of the immune system.
Impairments of sleep quantity, quality, and timing, as well as circadian
misalignment, result in derangements of innate and adaptive immune responses
leading to a chronic inflammatory state and a decrease of the immune defense and
reaction to threats (infection or injury). The immune system potentially plays an
important mechanistic role in the relation between sleep disruption and circadian
misalignment, and adverse health effects. By regulating the immune system, sleep-
and circadian-centered intervention may beneficially impact overall health and on
the prevention—and treatment—of infections and chronic diseases, especially in the
modern lifestyles characterized by a multiplicity of social and environmental pres-
sures on sleep and circadian rhythms, and in times of infectious disease outbreaks,
such as COVID-19, where an effective immunity is of utmost importance.

Keywords Sleep · Circadian rhythm · Immune system · Infection · Chronic disease

1.1 Introduction

There is a time for many words, and there is also a time for sleep. Homer. The Odyssey.
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Since antiquity, sleep has been recognized as essential for overall health. Sleep is
an active physiological process necessary for life, being involved in the regulation of
physical, mental, and emotional health.

Key components in the regulation and maintenance of the sleep/wake cycle are
the endogenous 24-h body clock/circadian system that drives wakefulness through-
out the day and sleep during the night; and the wake-dependent homeostatic drive
that generates a sleep pressure during the day, which is dissipated during sleep.
However, an exogenous drive that is the product of our societal temporal structure
(e.g., school and work times) forces an exogenous sleep/wake pattern influencing
sleep opportunities and thereby sleep duration, quality, and efficiency, potentially
resulting in sleep and circadian rhythm disruption (Zielinski et al. 2016).

On this background, patterns of sleep quantity, quality, and timing are influenced
by health status, cultural, social, psychological, behavioral, and environmental
factors (Grandner 2017). Expert consensus recommendations suggest that adults
should sleep a minimum of 7 h per night on a regular night to promote optimal health
(Consensus Conference et al. 2015a, b). Apart from sleep/circadian disorders how-
ever many factors, including jet lag syndrome, social jet lag, work schedule, growing
frequency of technology use, higher rates of obesity and diabetes, inadequate
nutrition, and other lifestyle factor changes occurring in the twenty-first century as
well as the COVID-19 pandemic are increasingly and often negatively impacting on
sleep quantity, quality, and timing, so that sleep problems have constantly arisen in
the general population and special groups of vulnerable people, including children/
adolescents or workers. Population-based studies reported that sleep duration among
adults has changed over the past few decades and, in particular, the prevalence of
adults sleeping less than 6 h per night has stably increased over a long period
(Gilmour et al. 2013; Ford et al. 2015a, b; Zomers et al. 2017). This phenomenon
is also occurring among children and adolescents (Matricciani et al. 2012), so 58%
and 73% of middle and high school-aged adolescents, respectively, do not meet the
American Academy of Sleep Medicine sleep duration recommendations (Wheaton
et al. 2018). A parallel increasing prevalence of insomnia has been documented in
several countries (Ford et al. 2015a, b).

In addition to excessive daytime sleepiness, fatigue, tiredness, depressed mood,
poor daytime functioning, and impaired cognitive and safety-related performance,
inadequate sleep is associated with an increased risk of adverse health outcomes,
including weight gain, obesity, type 2 diabetes mellitus, hypertension, cardiovascu-
lar (CV) and neurodegenerative diseases, mental diseases, cancer as well as all-cause
mortality (Vgontzas et al. 2009, 2013; Irwin 2015; Smagula et al. 2016; Cappuccio
and Miller 2017).

Another integral part of human physiology and behavior tightly regulating sleep
is the circadian rhythms, which are orchestrated by a central “master” clock, i.e., the
suprachiasmatic nucleus (SCN) located in the anterior hypothalamus, that coordi-
nates alignment between circadian clocks in other brain regions and peripheral
tissues with external synchronizing agents (the environment and behaviors). Indeed,
circadian rhythms are modulated by endogenous (genetic, physiological) as well as
environmental (light) and behavioral (activity, feeding) factors. Various behaviors



and physiological functions of the body show circadian rhythms, such as the sleep–
wake cycle and food intake, blood pressure, blood lipids, coagulation/fibrinolysis
system, heart rate, body temperature, locomotor activity, hormone levels, cell
metabolism and proliferation (Sulli et al. 2018). The advantages of internal clocks
are to enable individuals to anticipate, rather than react to, daily recurring events and
align their physiology and behavior to the changing environment.
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The “molecular circadian clock” refers to genes that maintain autoregulatory
feedback loops in which oscillating outputs regulate their expression (circadian
locomotor output cycles kaput [CLOCK], brain and muscle ARNT-like [BMAL],
period [PER], REV-ERB/nuclear receptor subfamily 1, group D [NR1D], and
cryptochrome [CRY]). The formation, trafficking, and degradation of different
clock protein complexes throughout this transcriptional cycle establish the intrinsic
24 h period of the cellular clock. Furthermore, at the cellular level, molecular clock
components generate circadian fluctuation in basic cellular functions, e.g., gene
expression, protein translation, and intracellular signaling, which are all involved
in fundamental processes, including cell cycle regulation, nutrient sensing/utiliza-
tion, metabolism, stress response, redox regulation, detoxification, and cell defense
(immunity and inflammation) in a tissue-specific manner (Mure et al. 2018). Circa-
dian disruption may occur as a result of a misalignment between external factors
(such as the natural light/dark cycle, social and work requirements, and behaviors
such as sleep and meal timing) with the master circadian clock as well as with
endogenous circadian clocks in other tissues. Misalignments can occur among two
(or more) rhythms which may be both internal (central vs. peripheral rhythms), or
one may be internal and the other external (e.g., central vs. light/dark or
peripheral vs. feeding/fasting). Social jet lag, jet lag syndrome, shift work, and
inappropriately timed light exposure (evening or night) are common causes of
circadian (external-internal) misalignments in modern society.

Circadian disruption has important public health implications due to its preva-
lence in modern society as well as its association with serious safety- and
performance-related issues (Mitler et al. 1988) and adverse health outcomes (Boivin
et al. 2022). Subjects with a nondaytime working schedule (shift work), exposure to
light pollution, social jet lag, or evening chronotype are at increased risk for
circadian disruption. Circadian disruption in humans is associated with broad and
significant consequences for mental and physical health, increasing the risk for the
development of cancer (Sulli et al. 2019), neurodegenerative, psychiatric (Abbott
et al. 2020), cardiometabolic (Scheer et al. 2009), and immune disorders (Fishbein
et al. 2021). Importantly, changes in circadian function are often accompanied by
sleep–wake disturbances. Therefore, increasing scientific efforts have been devoted
to understanding the health consequences of sleep disruption and circadian
misalignment, and to translating this science to directly impact human health.

The immune system functions to preserve the integrity of the body by sensing
physiological disturbances (microbes or tissue injury) and reinstating homeostasis
via both inflammatory immune responses and processes of tissue repair and physical
barrier regulation. In many chronic diseases, a deregulated and/or exacerbated
immune response shifts from repair/regulation towards immune-driven unresolved



inflammatory responses (Hand et al. 2016). Several anatomic and molecular mech-
anisms, including neurons, glial cells, leukocytes, nerve fibers, soluble mediators,
cellular receptors, the blood–brain barrier (BBB), the neuroendocrine hypothalamus-
pituitary-adrenal (HPA) axis, and the autonomic nervous system, participate in
orchestrating the bidirectional brain-immune crosstalk that fine tunes the immune
response and its relationship with sleep and the circadian systems (Dantzer 2018). In
this contest, the circadian system and sleep have emerged as important intertwined
regulators of the immune system. It follows that sleep disruption and circadian
misalignment may result in deregulated immune responses and pro-inflammatory
responses, that contribute to an increase in the risk for the onset and/or worsening of
infections as well as inflammation-related chronic diseases, including cancer,
cardiometabolic and neurodegenerative diseases (Labrecque and Cermakian 2015;
Scheiermann et al. 2018; Garbarino et al. 2021).
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This Chapter focuses on the regulation of the immune system by sleep and the
circadian rhythm, and the consequences for the immune function of sleep disruption
and circadian misalignment.

1.2 Immune Regulation by Sleep

The sleep–immune interaction hypothesis was first suggested by pioneering studies
attempting to identify substances involved in sleep regulation. The hypothesis of
humoral regulation of sleep dates back to the early 1900s and posited that substances
accumulated during waking could trigger subsequent sleep. Accordingly, experi-
mental studies found that injection of cerebrospinal fluid from sleep-deprived dogs
into rested recipient dogs caused the recipient dogs to fall into a narcosis-like sleep
state (Ishimori 1909; Legendre and Piéron 1913). Subsequent animal studies repli-
cated this result, pointing to the existence of hypnotoxins mediating sleep induction
(endogenous factor(s) S, where S stands for sleep), and led to the identification of
several sleep-promoting factors.

Among these hypnotoxins, muramyl peptide, a component of bacterial cell wall
able of activating the immune system and inducing the release of immune regulators,
such as cytokines, was recognized as the first molecular link between the immune
system and sleep (Krueger et al. 1982). Other microbial-derived factors such as the
endotoxin lipopolysaccharide (LPS), as well as mediators of inflammation, such as
cytokines (interleukin [IL]-1, tumor necrosis factor [TNF]-α), prostaglandins (PG),
uridine, growth factors, were found to regulate sleep (Zielinski and Krueger 2011).
These factors, through the BBB or via afferent nerve fibers, establish a signaling
network with other brain factors involved in sleep regulation, such as neurotrans-
mitters (acetylcholine, dopamine, serotonin, norepinephrine, histamine), neuropep-
tides (orexin), nucleosides (adenosine), the hormone melatonin as well as the
hypothalamus-pituitary (HPA) axis.

Animal studies have consistently reported a role for the cytokines IL-1 and
TNF-α and the prostaglandin PGD2 in the physiologic, homeostatic nonrapid eye



movement (NREM) sleep regulation in a dose- and time-of-day-dependent manner,
so that the inhibition of the biological action of these substances resulted in a
decrease of spontaneous NREM sleep, whereas administration of these substances
enhanced NREM sleep amount and intensity and suppressed REM sleep (Opp 2005;
Urade and Hayaishi 2011). Anti-inflammatory cytokines, including IL-4, IL-10, and
IL-13, have been found to inhibit NREM sleep in animal models (Kubota et al.
2000). In humans, the circulating levels of IL-1, IL-6, TNF-α, and PGD2 are highest
during sleep and, the available evidence, though indirect, converge to suggest the
involvement of these immune mediators in the physiologic regulation of sleep
(Besedovsky et al. 2019).
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Accordingly, infection or inflammatory diseases induce immune activation and
associated altered cytokine concentrations and profiles, which are transmitted to the
central nervous system inducing adaptive and energy-saving responses, including
sleep (Besedovsky et al. 2019). Acute mild immune activation enhances NREM
sleep and suppresses REM sleep, and the increase in NREM sleep was a favorable
prognostic factor for rabbits during infectious diseases (Toth et al. 1993). Contrarily,
severe immune response with an upsurge of cytokine levels causes sleep disturbance
with suppression of both NREM and REM sleep (Toth et al. 1993; Mullington et al.
2000; Sharpley et al. 2016). Chronic infectious, such as HIV infection (Chaponda
et al. 2018), and inflammatory diseases, such as inflammatory bowel disease or
rheumatoid arthritis (Ranjbaran et al. 2007; Uemura et al. 2016), are associated with
sleep disturbances.

Evidence of the immune-supportive effect of sleep that may favor host defense is
provided by vaccination studies. In humans, compared with nocturnal wakefulness,
sleep after vaccination boosted both the memory phase and the effector phase of the
immune response, underscoring the adjuvant-like effect of sleep on the immunolog-
ical function (Lange et al. 2011). Similarly, habitual (and hence chronic) short sleep
duration (less than 6 h) compared with longer sleep duration decreased the long-term
clinical protection after vaccination against hepatitis B (Prather et al. 2012).

In exerting these effects, sleep may benefit the immune response through different
mechanisms. Sleep influences the T helper (Th) phenotype and the cytokine balance
between Th1 and Th2 cells thus determining the types of the effector mechanisms of
the immune response. Th1 polarization state is typical of immune response to
intracellular viral and bacterial challenges and is characterized by increased release
of IFN-γ, IL-2, and TNF-α. It supports various cell-mediated responses, including
macrophage activation, phagocytosis, the killing of intracellular microbes, and
antigen presentation (Zhu and Zhu 2020). Th2 immunity is characterized by the
expression of IL-4, IL-5, IL-10, and IL-13, and mediates humoral defense by
stimulating mast cells, eosinophils, and B cells (with the production of IgG2,4 and
IgE) against extracellular pathogens (Zhu and Zhu 2020).

The balance of Th1/Th2 immunity is critically involved in antimicrobial and anti-
tumor immune responses. Th2 overactivity is found in some forms of allergic
responses, and increases the susceptibility to infection (Moser et al. 2018), as well
as to tumor development and progression, by limiting cytotoxic T lymphocytes
proliferation and modulating other inflammatory cell types (Disis 2010). In contrast,



Th1 immunity supports cytotoxic lymphocytes with the potential of elimination or
control of tumor cell growth; indeed, a Th1 adaptive immune response may be
associated with improved survival or prognosis (Disis 2010; Lee et al. 2019).
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Furthermore, sleep is associated with a reduction in circulating immune cells that
most likely accumulate into lymphatic tissues thus increasing the probability to
encounter antigens (immunological synapse) and trigger the immune response. An
effective adaptive immune response to an immunological challenge may be
facilitated by specific immune-active hormones associated with slow wave sleep
(SWS)-rich early sleep, which is characterized by minimum concentrations of
immunosuppressive hormones, such as cortisol, and high levels of immune-
stimulating hormones such as growth hormone (GH), prolactin, and aldosterone,
which support pro-inflammatory cytokine production and Th1 cell-mediated immu-
nity (Besedovsky et al. 2019). Therefore, through pro-inflammatory hormones and
cytokines night-time sleep facilitates the onset of adaptive immune responses, while
during daytime activity, anti-inflammatory signals, hormones, and cytokines support
immediate reactions to biological and other environmental challenges.

1.3 Sleep Disruption and Immune Consequences

In agreement with the sleep–immunity relationship, several lines of evidence from
experimental and epidemiological studies converge on the significant effects of sleep
disruption on immune function and related clinical outcomes.

Early animal studies found that sleep loss, besides being lethal after several
weeks, was associated with dysfunction of host defense (Everson and Toth 2000;
Everson et al. 2008, 2014) thus suggesting the importance of sleep for the immune
system. More pertinently, the effect of sleep on immune function has emerged in
studies in which immune parameters, including circulating levels of cytokines and
cell adhesion molecules, leukocyte counts, and activity, were measured under the
manipulation of sleep duration compared with undisturbed sleep.

Collectively most human and animal findings report on the supportive effect of
sleep—and the detrimental effect of disturbed sleep—on several immune regulators.
Indeed, compared with regular nocturnal sleep, acute and mostly sustained sleep loss
has been found: (a) to alter circulating leukocyte counts with studies reporting
increased numbers of total leukocytes and specific cell subsets mainly neutrophils,
monocytes, B cells, decreased circulating natural killer (NK) cells, and changes in
circulating CD4+ T cells (Born et al. 1997; Dimitrov et al. 2007; van Leeuwen et al.
2009; Lasselin et al. 2015; Said et al. 2019); (b) to alter the diurnal rhythm of
circulating leukocytes, resulting in higher levels during the night and at awakening
and a flattening of the rhythm (Born et al. 1997; Lasselin et al. 2015); (c) to increase
the plasma levels of pro-inflammatory cytokines such as IL-1, IL-6, CRP, and, less
consistently, TNF-α, MCP-1, and a homeostatic increase in endogenous inhibitors
such as IL-1 receptor antagonist (IL-1ra) and TNF receptor I and II in an attempt to
limit the increased cytokine levels and activity (Shearer et al. 2001; Hu et al. 2003;



Vgontzas et al. 2004; van Leeuwen et al. 2009); (d) to transiently decrease the
cytotoxic activity of NK cells, the proliferation capacity of lymphocytes (Irwin et al.
1994), and the phagocytic activity of neutrophils, important against infection (Said
et al. 2019); (e) to enhance circulating levels of endothelial adhesion molecules such
as intercellular adhesion molecule (ICAM)-1 and E-selectin, suggesting endothelial
activation and enhanced risk for vascular dysfunction (Sauvet et al. 2010); (f) to
reduce the stimulated production of IL-2 and IL-12, which normally support the
adaptive immune response (Dimitrov et al. 2007; Axelsson et al. 2013); (g) to reduce
the levels of Mac-1 positive lymphocytes suggesting reduced migratory capacity of
immune cells (Redwine et al. 2004). Compared to undisturbed sleep which is
predominantly characterized by a Th1 response (mainly during early sleep), exper-
imental sleep deprivation leads to a shift from a Th1 pattern towards a Th2 pattern in
humans (Dimitrov et al. 2004; Axelsson et al. 2013). Elderly people (Ginaldi et al.
1999), alcoholic subjects (Redwine et al. 2003) as well as insomnia patients (Sakami
et al. 2002), all characterized by disturbed sleep, show a cytokine shift towards Th2.
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At the molecular level, findings demonstrate that a single night of partial sleep
deprivation (4 h of sleep) (Irwin et al. 2006, 2015) or chronic partial sleep depriva-
tion (4 h of sleep for five nights) (van Leeuwen et al. 2009) in healthy adults led to
increased protein production and mRNA levels of inflammatory cytokines (IL-6,
IL-1β, TNF-α, IL-17). Accordingly, prominent genome-wide gene expression
changes have been found in response to acute (Irwin et al. 2006) or chronic (Aho
et al. 2013; Moller-Levet et al. 2013) partial sleep deprivation in human circulating
monocytes, so most of the genes and associated biological pathways upregulated
after sleep loss compared with unrestricted sleep were related to immune and
inflammatory processes (leukocyte activation and differentiation, cytokine positive
regulation, innate and adaptive immunity, TLRs signaling), as well as to oxidative
stress, response to stress, apoptosis, collectively indicating activation of the immune
system. Interestingly, genes associated with B cell activation and Th2 cell differen-
tiation were upregulated, whereas those associated with Th1 cell differentiation were
downregulated (Aho et al. 2013), suggesting that the Th2 immune response driven
by sleep deprivation, as observed in many studies, is regulated at the level of gene
expression. In contrast, biological processes associated with genes downregulated
following sleep deprivation compared with unrestricted sleep included chromatic
organization and modification, gene expression, cellular macromolecule metabolism
(Moller-Levet et al. 2013), cholesterol/lipid metabolism and transport, as well as NK
cell function thus contributing to the reduced immune response against pathogens
(Aho et al. 2013). The same expression profile of several genes identified in the
experimental sleep deprivation was observed in a cohort of subjects with self-report
of insufficient sleep (Aho et al. 2013), highlighting the physiological relevance of the
experimental results at the population level in real-life conditions.

The pro-inflammatory transcriptomic response observed after sleep deprivation
mainly involves the activation of the pro-inflammatory NF-κB family of transcrip-
tion factors (Irwin et al. 2006, 2008; Aho et al. 2013). NF-κB mediates the expres-
sion of genes (e.g., cytokines, chemokines, growth factors, receptors/transporters,
enzymes, adhesion molecules) involved in the activation of inflammation, adaptive



and innate immunity, proliferation, and apoptosis, and is recognized as a promising
therapeutic target in inflammatory diseases (Madonna and De Caterina 2012).

8 S. Garbarino et al.

Sleep disruption is also associated with oxidative stress, which represents an
imbalance in the production and/or detoxification of free radicals such as reactive
oxygen species (ROS). Oxygen-derived free radicals are generated during oxidative
metabolism and energy production processes and normally serve, at very low
physiologic concentrations, as important second messengers in many intracellular
signaling pathways for maintaining cell homeostasis and survival in response to
stress (Liguori et al. 2018). At higher levels which are not counteracted by the
antioxidant defenses of the cell, ROS can cause damage to cells and tissues resulting
in cell senescence and injury, unbalanced local/systemic inflammation, metabolic
dysfunction as well as immune derangements. Pertinently, ROS are essential, espe-
cially at low levels for a wide range of immune functions, including anti-viral, anti-
bacterial, and anti-tumor responses through, for example, killing of pathogens,
regulation of T cell activation, expansion and effector function, and induction of
balanced inflammatory reaction (Sena and Chandel 2012). However, excessive
uncompensated ROS production can lead to aberrant immune responses and unbal-
anced inflammatory reactions, including apoptosis and functional suppression of T
cells with following reduced anti-tumor function and chronic activation of
pro-inflammatory signaling pathways including NF-κB (Chen et al. 2016). Oxida-
tive stress is now recognized to play a central role in the pathophysiology of many
different disorders with immune components, mostly neurodegenerative, cardiovas-
cular, and metabolic diseases as well as cancer (Liguori et al. 2018), which are also
disease conditions triggered or exacerbated by sleep disturbance. Accordingly, most
animal studies found an increase in oxidative stress markers and/or a decrease in
endogenous antioxidants and antioxidant enzymes in brain regions and peripheral
tissues (liver, heart, plasma, etc.) after sleep disturbance, while recovery sleep
restored the antioxidant/oxidant balance (Villafuerte et al. 2015). Recent human
findings agree with animal results, as shown in night workers with chronic sleep loss
(Teixeira et al. 2019), and in young adults subjected to acute (overnight) sleep
deprivation (Trivedi et al. 2017). Therefore, sleep shows an antioxidant function,
responsible for eliminating ROS produced during wakefulness, and contrarily sleep
curtailment may exert negative health effects by causing oxidative stress.

A breakdown of host defense against microorganisms has been found in animals
subjected to insufficient sleep, as shown by the increased mortality after septic insult
in sleep-deprived mice compared with control mice (Friese et al. 2009), or by
systemic invasion by opportunistic microorganisms leading to increased morbidity
and lethal septicemia in sleep deprived-rats (Everson and Toth 2000). Patients with
sleep disorders exhibited a 1.23-fold greater risk of herpes zoster than did the
comparison cohort, after adjustment for potential covariates (Chung et al. 2016).
Accordingly, increased susceptibility to respiratory infections has been reported in
sleep-deprived human subjects, as those with habitual short sleep (≤5 h) compared
with 7–8 h sleep, in cross-sectional and prospective studies (Patel et al. 2012; Prather
and Leung 2016), and after an experimental viral challenge (Cohen et al. 2009;
Prather et al. 2015). Similarly, compared with long sleep duration (around 7 h), short



sleep duration (around 6 h) is associated with an increased risk of common illnesses,
including cold, flu, gastroenteritis, and other common infectious diseases, in ado-
lescents (Orzech et al. 2014).
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In sum, most of these immune responses to sleep loss are suggestive of a systemic
low-grade pro-inflammatory reaction. Following experimental findings, population-
based studies in adult and younger individuals found that habitual short sleep
duration (generally<5 or 6 h) is directly and independently associated with elevated
circulating pro-inflammatory markers, such as acute phase proteins (CRP, IL-6),
cytokines (TNF-α, IFN-γ, IL-1, etc.), adhesion molecules, white blood cell counts
(Miller et al. 2009; Patel et al. 2009; Ferrie et al. 2013; Perez de Heredia et al. 2014;
Bakour et al. 2017; Richardson and Churilla 2017). Furthermore, reduced NK cell
activity (Fondell et al. 2011) and a decline in naive T cells (Carroll et al. 2017) were
also found to be associated with habitual short sleep. A shortening of leukocyte
telomere length, which is a marker of cellular senescence and inflammation damage,
was also shown to be associated with shorter sleep duration in adults and children
(Jackowska et al. 2012; James et al. 2017). Systemic low-grade inflammation has
been shown to predict the risk of disease and mortality (Li et al. 2017); thus, it is
suggested to mediate the increased risk of morbidity and mortality associated with
sleep disruption (Hall et al. 2015; Smagula et al. 2016).

1.4 Circadian Clock Regulation of the Immune System

The circadian system encompasses a central clock representing a master circadian
pacemaker located in the SCN of the hypothalamus, and peripheral circadian clocks
are distributed in different cells or tissues outside the brain and functioning auton-
omously and flexibly (Patke et al. 2020). The central clock mainly responds to the
light/dark cycle, so that the ambient light (one of the strongest zeitgebers, i.e.,
external time givers) is transmitted to the hypothalamus through the retinal ganglion
cells leading to glutamate release at the nerve terminals and an increase in the SCN
neuronal activity (i.e., wake pressure).

The central and peripheral clocks interact through neural, endocrine pathways
and body temperature, to produce daily rhythms in sleep, physical activity, and
nutrient metabolism via self-sustained near-24 h and alternating activation-
repression cycles of core clock transcriptional and translational regulators (Clock,
Bmal1, Npas2, Crys, Pers, Rors, and Rev-erbs) (Sulli et al. 2018). The peripheral
clocks also respond to other synchronizers such as meal times and humoral factors,
and body temperature. Several metabolites and proteins interact with the core clock
components to influence their function and modulate specific outputs of the circa-
dian system. Whole-genome transcriptomic studies have revealed circadian variation
(i.e., with a ~24-h periodicity) in gene expression, and that almost every gene
including those encoding drug targets show diurnal rhythmic expression in a
tissue-specific manner and a bimodal distribution (with peaks predominantly occur-
ring during the biological night and day) thus suggesting a marked temporal



segmentation of biological processes and functions and contributing to the circadian
rhythmicity of basic cellular functions, including metabolism, immune function, and
tissue repair (Mure et al. 2018; Sulli et al. 2018; Christou et al. 2019).
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Both the innate and adaptive arms of the immune response are under circadian
control, which is instrumental to gate the immune functions, such as immune cell
trafficking, production of cytokines, or host–pathogen interaction, and to increase
organismal fitness, while minimizing metabolic costs of immune activation or
collateral tissue damage due to uncontrolled immune response. Both circulating
immune cell counts and inflammatory cytokine levels show variations during the
sleep/wake cycle dependent on both sleep- and circadian rhythm-associated pro-
cesses (Scheiermann et al. 2013): indeed, human natural killer (NK) cells and
neutrophils peak at midday and show minimum levels during the night; while
monocytes, B, and T cells peak during the first half of the night and have minimum
levels during the day (Born et al. 1997). Similarly, blood levels of pro-inflammatory
cytokines show a peak during early nocturnal sleep (Lange et al. 2010).

The rhythmic oscillation of immune function allows an appropriate magnitude of
immune response and ensures the resolution of injury without progressing towards
chronic inflammation. It follows that different aspects of innate immunity (e.g.,
production of cytokines and chemokines, expression of Toll-like receptors [TLRs],
antimicrobial peptides, phagocytosis, secretion of complement and coagulation
factors, barrier functions) are temporally gated (with nadir and peaks) to distinct
phases of the circadian cycle preventing their synchronous activation and limiting
the duration of the inflammatory response (Gibbs et al. 2012; Bellet et al. 2013). The
exit of differentiated immune cells from the bone marrow and trafficking of innate
and adaptive immune cells also display a circadian rhythm (Mendez-Ferrer et al.
2008; Druzd et al. 2017). The rhythmic cellular clock-based expression of TLRs as
well as the temporal gating of T cell activation and proliferation can maximize the
immune response at a specific time window, and contribute to the time-of-the-day
dependence of immunization after vaccination (Silver et al. 2012). Accordingly,
studies found that morning vaccination resulted in higher viral-specific antibody
responses compared with afternoon vaccination (Long et al. 2016).

The rhythmic outputs of the immune function can be generated by both extrinsic
(e.g., central clock) or intrinsic (cell-autonomous circadian clock) entrainment cues
(Man et al. 2016). For example, studies found that the central clock-regulated
rhythmic output of the sympathetic nervous system or glucocorticoids is the dom-
inant entrainment cue for the recruitment of hematopoietic stem cells, innate immune
cells, as well as adaptive immune cells, respectively. On the other hand, diurnal
oscillations in the abundance of inflammatory monocytes are under the control of
Bmal1 thus gating the host’s vulnerability to infection and associated tissue damage
(Man et al. 2016). Furthermore, the cellular circadian clock establishes the rhythmic
oscillations in the expression of basal and inducible inflammatory genes such as
cytokine and chemokines, which involves among others the regulation of the
transcription factor NF-κB, the major transcriptional activator of inflammation.
Bmal1 has been shown to modulate monocyte trafficking, immune response and
NF-κB signaling (Man et al. 2016) as well as to regulate metabolic utilization in



peripheral tissue (Peek et al. 2017) and to maintain the BBB function (Nakazato et al.
2017). Bmal1 knockout caused neuroinflammation, redox imbalance, and
neurodegeneration (Musiek et al. 2013). Similarly, REV-ERB-α and REV-ERB-β,
and CRY contribute to rhythmically repress inflammatory gene expression by acting
on NF-κB signaling (Narasimamurthy et al. 2012; Man et al. 2016).
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Diurnal oscillations have also been observed in the relative abundance and
composition of gut microbial communities, which translate to rhythmic production
of microbial metabolites, in turn, able to influence host circadian activity as well as
immune cell functions (Thaiss et al. 2016). Genetic ablation of molecular clock
components, circadian disruption due to jet lag, sleep disruption, or high-fat diet may
lead to alterations of the gut microbiota ecosystem (dysbiosis), which subsequently
impairs host metabolism and immune function (Murakami and Tognini 2019).

1.5 Immune Responses Under Circadian Misalignment

One potential common feature of the negative health consequences of circadian
disruption may be the dysregulation of the immune system. The loss of immune
regulation due to circadian disruption may increase the susceptibility to tissue
damage in response to infection or other challenges. Several studies assessed the
perturbation of circadian systems by environmental and/or genetic manipulations in
animal models. Animal studies found that global, brain, or peripheral knockout of
clock genes alters this circadian fluctuation and leads to an exacerbated inflamma-
tory response to infection or other pathogenic stimuli, oxidative stress, and
age-related phenotypes thus revealing a direct role for clock genes in suppressing
chronic inflammation and ensuring its timely resolution (Nguyen et al. 2013;
Scheiermann et al. 2013) Notably, cytokines, including TNF-α, IL-1β, and endo-
toxin, as observed in inflammation and infection, inhibit the expression of core clock
genes and clock-controlled genes, resulting in reduced locomotor activity and
prolonged rest time (Cavadini et al. 2007), and leading to the loss of basal oscillatory
rhythm and to a reprogramming of the temporal relationships between gene expres-
sion, metabolites and leukocyte trafficking (Haspel et al. 2014). Modulation of clock
molecules leads to increased replication of herpes, influenza, respiratory syncytial
virus, parainfluenza type 3, and hepatitis C virus (Majumdar et al. 2017; Zhuang
et al. 2019) pointing to an important role of the circadian clock in virus infection.
Herpes viruses target molecular clock components of the host, which in turn affects
the viral replication rate (Edgar et al. 2016).

A study in mice investigating the environmental perturbation of circadian
rhythms shows that experimentally induced circadian disruption schedule (four
consecutive weekly 6 h phase-advances of the light-dark) increased endotoxemic
shock and mortality compared to unshifted control mice in response to the immune
challenge LPS (Castanon-Cervantes et al. 2010). This result was associated with a
heightened inflammation in shifted animals as exemplified by higher levels of
pro-inflammatory cytokines and activation of peritoneal macrophages in response



to LPS treatment. Rhythms in the expression of clock genes in the central clock,
liver, thymus, and peritoneal macrophages were also altered and/or inhibited after
chronic jet lag, while no sleep loss or stress was documented (Castanon-Cervantes
et al. 2010). Furthermore, another study investigating the chronic effects of circadian
misalignment in mice revealed that the long-term nonadjustive shifted condition of
the light-dark cycle, simulating the chronic jet lag, induced chronic inflammation
and accelerated immune senescence in association with a reduced survival rate
(Inokawa et al. 2020). Therefore, the mouse model system of exposure to long-
term nonadjustive shifted light conditions may mirror the pathophysiology of
chronic circadian rhythm disruption in humans.
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In humans, the most common forms—and causes—of circadian misalignment
due to human behaviors are chronic jet lag, when traveling across several time zones;
social jet lag, which corresponds to the time difference between routine sleep cycles
during the work/school week and free time on weekends, involving a discrepancy
social clock and individual’s circadian rhythm; and shift work, an atypical working
schedule where individuals experience an unnatural routine of activity during the
dark phase and sleep during the light phase of the day so that work and sleep occur at
times that conflict with the circadian rhythm. These are conditions associated with
sleep disruption and psychosocial stress, and adversely affect the immune system
due to circadian misalignment. Human studies have found that centrally controlled
rhythms as well as peripheral clocks are disturbed in such conditions (Koshy et al.
2019). In night shift workers, light exposure at night has a large impact on the
resetting of peripheral circadian clocks (Cuesta et al. 2017).

Compared with the non-shift workers, the shift work schedule was associated
with a decline in innate immune response, e.g., NK cell activity (Okamoto et al.
2008; Nagai et al. 2011), and an increase in the number of circulating leukocytes
(Lu et al. 2016; Wirth et al. 2017), a lower CD4/CD8 ratio, cytokines and systemic
endotoxemia (Atwater et al. 2021), besides to shifted and desynchronized cytokine
release by immune cells (Cuesta et al. 2016). A 4-day simulated night shift work
protocol in healthy subjects changed the circadian regulation of the human
transcriptome and mostly affected biological processes related to the adverse health
effects associated with night shift work, notably the natural killer cell-mediated
immune response and inflammatory pathways (Kervezee et al. 2018). A recent
cross-sectional study showed that shift work, particularly night work, was associated
with a 1.85-fold increased risk of COVID-19 infection (Fatima et al. 2021). In a
case-control study on healthcare workers, people with sleep problems had greater
odds of COVID-19 (Kim et al. 2021). Individuals with social jet lag were also
significantly associated with a higher risk of COVID-19 infection (2.07-fold)
(Coelho et al. 2022). A recent study on the vaccination response in people with
circadian disruption, i.e., shift workers, found that compared with day workers shift
workers had altered sleep architecture, with a lower slow wave sleep and REM
duration, higher levels of cytokines and a weaker specific leukocyte-mediated
immune response to vaccination against meningococcal C meningitis (Ruiz et al.
2020). Research concerning the impact of sleep disruption and circadian



misalignment in shift workers on the immune response to COVID-19 vaccination is
currently ongoing (Lammers-van der Holst et al. 2022).
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A relationship between sleep and the circadian system has emerged in an inves-
tigation carried out in humans where sleep deprivation (5.70 h compared with 8.50 h
sleep per 24 h, for 1 week) led in the blood transcriptome to a significant reduction in
rhythmic transcripts (from 8.8% to 6.9%) and affected many genes associated with
sleep homeostasis, oxidative stress, metabolism, inflammatory and stress responses,
chromatin organization and modification (Moller-Levet et al. 2013). Among the
genes whose rhythmic expression was altered by sleep loss, there were several genes
classified as circadian, including classic clock genes, such as Bmal1, PERs, CRY,
neuronal PAS domain-containing protein (NPAS), REV-ERB-α, REV-ERB-β, with
a significant reduction in the number of rhythmic transcripts, in the circadian
amplitude and the width of the period of expression. On the other hand, another
set of genes, including those associated with RNA metabolic processes, became
circadian following sleep loss (Moller-Levet et al. 2013).

These data are following previous animal studies (Barclay et al. 2012) and
provide potential molecular mechanisms whereby sleep loss can lead to circadian
disruption, and cause negative health consequences. Furthermore, while many
transcripts in the human blood transcriptome have a circadian expression profile
when sleep occurred in phase with the central circadian rhythm (as indexed by the
melatonin rhythm), when sleep and associated locomotor, feeding, and metabolic
rhythms are phase-shifted compared with the circadian clock (mistimed sleep or
forced desynchrony), the majority of circadian transcripts became arrhythmic
(reduction in the number of circadian transcripts from 6.4% to 1% and changes in
the overall time course of expression of 34% of transcripts) (Archer et al. 2014). In
addition, results from a mathematical modeling analysis, which separated the rela-
tive contribution of sleep and circadian rhythmicity on the temporal gene expression
profile, suggests that circadian-driven transcripts are mainly associated with cellular
metabolic and homeostatic processes, whereas sleep-driven transcripts are linked
with the regulation of transcription and protein synthesis (Archer et al. 2014).

Overall, these data underscore the important role of sleep and circadian rhyth-
micity in the regulation of tissue gene expression and functions (Maret et al. 2007;
Mongrain et al. 2010; Pellegrino et al. 2012; Anafi et al. 2013; Perrin et al. 2018),
and indicate that a common feature is a 24-h organization of molecular processes,
including the immune function, in humans (Fig. 1.1). They also suggest that
appropriate sleep duration, quality, and timing significantly contribute to the overall
temporal organization of the human transcriptome, and desynchrony of sleep and
centrally driven circadian rhythms, as occurs in shift work and jet lag, may lead to
disruption of rhythmicity in physiology and endocrinology.
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Fig. 1.1 Regulation of the immune system by sleep and the circadian system. Immune system
functions, including cell proliferation, differentiation, trafficking, activity, and cytokine production,
are regulated by both homeostatic and circadian drives of sleep. The circadian clocks, with the cell-
autonomous transcriptional–translational feedback loop mechanism (depicted on the right inset),
include the central clock, located in the suprachiasmatic nucleus (SCN) of the hypothalamus, which
is entrained primarily by environmental cues from light. This SCN coordinates 24-h rhythms in
physiology and behavior through neural and hormonal signals that synchronize peripheral clocks in
peripheral organs or tissues, including the immune cells, through the expression of clock-controlled
genes (CCGs). Peripheral clocks can also be synchronized by behaviors, including eating and
physical activity. (Illustrations are adapted from Servier Medical Art (http://smart.servier.com/))

1.6 Conclusion and Perspectives

Epidemiological data suggest that increasing numbers of individuals are becoming
sleep disturbed and circadian misaligned, and the accumulation of these disturbances
over years may induce safety-related problems and have gradual cumulative adverse
effects on health, increasing the risk of chronic diseases and the susceptibility to
pathogens and pollution (Fig. 1.2). Sleep and the circadian rhythm exert immune-
supportive and regulatory functions, and impairments of the immune inflammatory
system are plausible mechanisms mediating the negative health effects of sleep and
circadian disruption. Evidence-based molecular and clinical studies have provided a
framework to understand the link between these disturbances and inflammatory
immune diseases, positing a causal role for the immune derangements in the
development and/or exacerbation of inflammatory and infectious diseases. Sleep

http://smart.servier.com/


deprivation superimposed on preexisting sleep disorders, as occurred in abstinent
alcohol-dependent subjects, more strongly increases susceptibility to inflammation
compared with subjects without sleep problems (Irwin et al. 2004). Similarly, sleep
deprivation can worsen the risk profile in individuals with hypertension, in which
even half a night of sleep deprivation elevates blood pressure the next day (Lusardi
et al. 1999).
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Fig. 1.2 Conditions of sleep disruption (e.g., sleep deprivation) and misaligned sleep–wake cycles
alter immune processes and are associated with or increase the risk for many diseases (right).
(Illustrations are adapted from Servier Medical Art (http://smart.servier.com/))

A practical implication of these observations is that immune homeostasis may be
a crucial target for intervention against diseases associated with sleep and circadian
clock disruption. Currently, limited evidence exists in this context. Treatment of
insomnia has been demonstrated to reverse humoral and cell inflammatory activa-
tion, as well as to reduce diabetic and cardiovascular risk, as assessed by a
multisystem biological risk based on eight biomarkers (Carroll et al. 2015). Ran-
domized controlled trials assessing the effect of the treatment of sleep and circadian
disturbances on inflammatory immune dysfunction and/or health outcomes are
needed to provide a cause–effect relationship. Knowledge of inflammatory and
immunological signatures in response to sleep curtailment, mostly through omic-
based approaches, may inform not only on the underlying molecular links but also
contribute to refining risk profiles to be used for developing biomarkers of disturbed
sleep and sleep disturbance-related health outcomes. Recent metabolomics (Weljie

http://smart.servier.com/


et al. 2015) and transcriptomic (Laing et al. 2019) studies hold promise in biomarker
discovery, not only confirming the activation of pathways related to immune,
inflammatory, and cell stress responses following sleep disruption but also identify-
ing, along these pathways, potential blood biomarkers and associated prediction
model for sleep debt status with practical applications (e.g., diagnosis of sleep
disorders, risk stratification for health outcomes and safety driving, evaluation of
therapeutic interventions on sleep) (Bragazzi et al. 2019; Laing et al. 2019).
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These efforts may converge towards a new ground fostering interaction between
sleep research, chronobiology, and the medical community to translate scientific
knowledge into lifestyle recommendations and clinical practice, and to prevent
and/or treat the negative health consequences of sleep disruption and circadian
misalignment. Particular attention deserves sleep management in the hospital envi-
ronment, where sleep disturbances often occur and in patients with acute or chronic
illness and hence particularly vulnerable may benefit from good sleep in terms of
immunity boosting and recovery of health.

These actions might also foster health literacy and empowerment of individuals to
actively better manage their health and well-being throughout their life course
utilizing lifestyle, nutritional and behavioral habits including sleep hygiene and
circadian lifestyle that include timing of sleep, activity, nutrition, and lighting
(Garbarino and Scoditti 2020; Scoditti et al. 2022). Of course, behavioral, lifestyle,
or pharmacological approaches to improve sleep beneficially impact one key com-
ponent of the circadian rhythm and may indirectly benefit other aspects of the daily
rhythms thereby leading to a better quality of life. Further knowledge in the circadian
system and its interaction with immunity may advance strategies to prevent or treat
several chronic diseases, establishing how to maintain a regular circadian rhythm in
sleep–wake, feeding–fasting, or light–dark cycles; how to optimize the timing of
drug treatment; and how to directly target a circadian clock component (clock-
targeting pharmacotherapy) for treating inflammatory disorders (Sulli et al. 2018).

Conclusively, in the perspective of staying healthy in this rapidly changing world,
the sleep/circadian clock–immunity relationship raises relevant clinical implications
for promoting health. During the COVID-19 pandemic, these issues have become
particularly important because of sleep disturbances often reported in association
with the heavy social, work, and lifestyle changes imposed to contain the virus
spreading. Moreover, healthcare workers, which are subjected to night shifts, irreg-
ular sleep–wake schedules, changes in daily routine, and circadian rhythm problems,
have been found to have more severe insomnia and a greater risk of coronavirus
infection (Kim et al. 2021). Pending further research, sleep and circadian-based
intervention may reduce the susceptibility to SARS-CoV-2 infection and the severity
of COVID-19, and improve immune response to COVID-19 vaccination (Meira
et al. 2020).
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Chapter 2
Changes in the Sleep and Circadian Pattern
of Sleep During the COVID-19 Pandemic

Laura Kortesoja and Ilona Merikanto

Abstract This chapter provides a broad perspective on the pandemic’s effects on
sleep and sleep–wake behavior in the general population. Studies on these topics are
currently largely cross-sectional and national online survey studies or small patient-
sample studies, except for a few multinational studies and large-scale studies by an
international collaboration initiative ICOSS.

Changes in sleep–wake behavior during the COVID-19 pandemic included
prominent delays in bedtimes and wake-up times, increased sleep duration, and an
overall increase in sleep problems. Insomnia symptoms, dream recall frequency,
dream-enactment behaviors, and nightmares were prevalent during the pandemic.
Mental health symptoms and sleep problems were reflected as a decrease in sleep
quality during the pandemic.

In this chapter, we consider the differences between circadian types on the
pandemic effects on sleep. Of different circadian types, many small-scale national
studies and one large-scale international study showed that sleep–wake schedules
were delayed, especially among evening-types, who also reported an increase in
sleep duration. Evening-types had, during lockdown, an opportunity to break away
from the misalignment of their natural diurnal rhythms and to choose sleep schedules
that were more aligned with their natural diurnal rhythms. However, since evening-
types were at increased risk for sleep problems and mental health issues already
before the pandemic, the flexibility in everyday life schedules did not override the
negative effects of the pandemic. An international study with a large general
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population sample showed, that sleep disturbances and risk for poor mental health
during the pandemic were emphasized among evening-types, moderated by financial
suffering and time spent in confinement.
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Keywords Chronotype · Coronavirus · Eveningness · Sleep quality · Sleep–wake
behavior

2.1 Introduction

The Coronavirus disease 2019 (COVID-19) has left a globally noticeable impact on
human lifestyle, including sleep habits and daily rhythms. There is a growing body
of literature that recognizes the wide-ranging effects of the pandemic on everyday
life. The pandemic not only had a dramatic effect on health and everyday life but also
forced individuals to reorganize their daily lives with, for example, home, work,
mobility, social interaction, and eating habits. This has resulted in redefining what a
good life is during a pandemic. The disease has also brought undesirable changes in
the form of various health symptoms and difficulties such as sleep problems. In this
chapter, the pandemic effects are examined in the perspective of changes in sleep and
in relation to individual circadian timing of physiological and behavioral functions
(Czeisler and Gooley 2007; Merikanto et al. 2021).

2.2 Pandemic Effects on Sleep Quality and Sleep Problems

The pandemic has had a profound impact on sleep quality. The prevalence of sleep
disturbances, such as insomnia symptoms and nightmares, have all become more
common among the general population during the pandemic compared to the time
before the pandemic (Bhat and Chokroverty 2022; Jahrami et al. 2021b; Merikanto
et al. 2022a; Partinen et al. 2021). According to a large-scale international ICOSS I
study on the general adult population in 14 different countries across four continents,
the prevalence of poor sleep quality increased during the pandemic from 12.5% to
28.2% (Partinen et al. 2021). Concerning gender, a French survey study with mainly
adult sample showed that poor sleep quality occurred more often in women than men
during lockdown (Bertrand et al. 2022). In addition, sleep disturbances were more
common among individuals who had chronic conditions in an Italian survey study
(Gualano et al. 2020). Besides sleep disorders and problems, according to the large-
scale international ICOSS I study sample, hypnotic use increased from 7.8% to
12.2% during the pandemic (Partinen et al. 2021). This result was in line with a
Canadian survey study on adolescents and adults, which also found that the use of
sleeping medications increased during the pandemic (Robillard et al. 2021). A
systematic review of 44 papers with a total of 54,231 participants from 13 countries
showed that especially in individuals who had covid-19 the prevalence of sleep



problems, e.g., insomnia symptoms and nightmares, have become more common
(Jahrami et al. 2021b).
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2.2.1 Insomnia Symptoms During the Pandemic

Insomnia refers to a condition where individuals report problems with sleep (Roth
2007), such as difficulties falling asleep, staying asleep/disrupted sleep, or early
morning awakenings (Ohayon 2002). A large-scale international ICOSS I sample-
based study showed that the prevalence rate for clinical insomnia according to
Insomnia Severity Index (ISI) score was approximately 36.7% during the pandemic
around the globe and 17.4% met the criteria for a probable insomnia disorder (Morin
et al. 2021). Based on this international study, the prevalence of insomnia symptoms
was significantly higher during the first wave of the pandemic as compared to the
time before the pandemic, and the risk for insomnia was emphasized among
individuals who had COVID-19 disease, reported financial burden, had been isolated
for 4–5 weeks or lived alone or with more than five people (Morin et al. 2021). In the
same sample, confinement and physiological, socioeconomic, and psychological
factors were also associated with the increase in sleep problems in general
(Merikanto et al. 2022a). It is well known that there is a potential bidirectional
relationship between mental health, e.g., stress, anxiety and depression, and insom-
nia symptoms, although most of the pandemic studies on insomnia and mental health
can only indicate an association between insomnia and mental status, not a causal
relationship. According to an online survey study of Greek adults, pandemic-related
worrying, loneliness, and depressive symptoms were associated with insomnia
(Voitsidis et al. 2020). Also, in the ICOSS I sample-based study, depression, and
anxiety were associated with insomnia symptoms (Morin et al. 2021), and a multi-
national sample with 2724 participants from 67 countries showed that especially
post-pandemic insomnia symptoms were associated with higher levels of anxiety,
depression, and stress in contrast to pre-pandemic insomnia symptoms (Meaklim
et al. 2021). The increase in insomnia symptoms during the pandemic has also been
supported by findings on Chinese adults, the risk group for insomnia being espe-
cially healthcare workers in China (Li et al. 2020; Pappa et al. 2020). Yet, a review of
98 studies on different subpopulations indicated that there were no differences in the
prevalence of insomnia symptoms between the early and late stages of the pandemic
(Li et al. 2022). Furthermore, a large international ICOSS II study across 16 countries
with a control group of healthy participants showed that long-lasting insomnia
symptoms were more prevalent among COVID-infected cases and associated with
higher disease severity (Merikanto et al. 2022b). All in all, insomnia symptoms
seemed to increase in the general population as well as in covid-19 cases during the
pandemic, and several pandemic-related risk factors have been discovered.
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2.2.2 Dreams and Nightmares During the Pandemic

International ICOSS I study showed that high nightmare frequency increased from
13.24% to 22.35% during the pandemic and was associated with mental illness and
sleep problems (Holzinger et al. 2022). Nightmares were also related to financial
suffering in this same international sample (Partinen et al. 2021). In a case-control
study on ICOSS I study sample, sleep duration, dream recall frequency, insomnia,
the severity of COVID-19 symptoms as well as mental health problems, such as
post-traumatic stress disorder and anxiety, associated with the frequency of experi-
enced nightmares among those who reported having had COVID-19 disease
(Scarpelli et al. 2022). In addition, increased dream recall frequency has been
reported during the pandemic in a large Finnish crowdsourcing sample of responders
between the ages of 10 and 99 years old (Pesonen et al. 2020). All in all, dreams and
nightmares were more frequent during the pandemic and associated more with
worsened rather than improved sleep quality and mental health as well as increased
financial suffering.

2.2.3 Sleep Quality During the Pandemic

Sleep quality decreased in the general population during the pandemic. In a self-
selected Chinese survey sample, sleep quality was impaired during the pandemic
(Huang and Zhao 2020). A registry study by the Netherlands Sleep Registry showed
that sleep quality decreased especially among individuals who had reported good
sleep quality before the COVID-19 pandemic (Kocevska et al. 2020). Few studies
have also reported especially healthcare workers being at high risk for poor sleep
quality and moderate to severe stress during the pandemic (Huang and Zhao 2020;
Jahrami et al. 2021a). Increased self-perceived burden had also a negative effect on
the quality of sleep during the pandemic based on an online study with German,
Austrian, and Swiss adults (Blume et al. 2020). In a large-scale international ICOSS I
study sample, high dream recall frequency during the pandemic was related to poor
sleep quality (Fränkl et al. 2021). In that study, 29.2% of individuals with high
dream recall frequency had good sleep quality, whereas 44.9% of individuals with
high dream recall frequency had poor sleep quality (Fränkl et al. 2021).

2.2.4 Parasomnias During the Pandemic

Parasomnias refer to nonrapid eye movement (NREM)-related parasomnias, rapid
eye movement (REM)-related parasomnias, and other parasomnias (Sateia 2014).
Parasomnia symptoms related to NREM include, e.g., sleepwalking, sleep terrors,
and arousals, whereas symptoms associated with REM sleep include nightmares or



REM-sleep behavior (Plante and Winkelman 2006). There was only one study that
looked at parasomnias in a comprehensive sample during a pandemic internationally
(Liu et al. 2022). A large-scale international ICOSS I sample-based study showed
that during the pandemic, dream-enactment behaviors increased during the pan-
demic in the general population compared to the time before the pandemic (Liu et al.
2022). High dream-enactment behavior was associated with the international study
of olfactory impairment, mood, post-traumatic stress disorder, sleep apnea symp-
toms, and COVID-19 infection and severity (Liu et al. 2022). Therefore, as shown in
the international study by Liu et al. (2022), post-traumatic stress during the pan-
demic could increase the prevalence of parasomnias indicated also prior to the
pandemic (Elliott et al. 2020). Since alcohol disrupts sleep architecture and is
associated with sleep disturbances including parasomnias (Roehrs and Roth 2001),
the increased use of alcohol during the pandemic could also play a role in the
increased prevalence of parasomnias (Pérez-Carbonell et al. 2020).
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2.2.5 Sleep Apnea Symptoms During the Pandemic

Sleep apnea symptoms appear as sleep-disordered breathing, and can predispose to
obstructive sleep apnea (OSA), which is a complex and heterogeneous disorder
(Ayas et al. 2015). A large-scale international ICOSS I study showed that sleep
apnea symptoms are also associated with the severity of COVID-19 symptoms.
Individuals at high risk of obstructive sleep apnea had increased odds of having
covid-19 disease and were two times more likely to be hospitalized or treated in an
intensive care unit (Chung et al. 2021). In addition, a small Italian sample of sleep
apnea patients showed that sleep apnea symptoms were associated with decreased
sleep quality during the pandemic (Spicuzza et al. 2022). Individuals that suffered
from obstructive sleep apnea reported an increase in sleep disturbance from 54% to
66%, whereas controls reported sleep disturbances from 29% to 40% (Spicuzza et al.
2022). There are many national and international studies, especially on the associ-
ation between the risk of COVID-19 and obstructive sleep apnea and here we
mention only a few. However, the long-term effects between sleep apnea symptoms
and the pandemic need more investigation in the future.

2.2.6 Fatigue and Excessive Daytime Sleepiness During
the Pandemic

In a large-scale international ICOSS I study, fatigue and excessive sleepiness
increased globally during the first phase of the COVID-19 pandemic. Fatigue
increased from 20.7% to 29.9%, and excessive sleepiness from 18.5% to 27.7% in
the general population during the first phase of the COVID-19 pandemic and was



associated with confinement and financial suffering (Partinen et al. 2021). In addi-
tion, those who reported having had COVID-19 were more likely to report daytime
sleepiness (Partinen et al. 2021). A systematic review showed that around one in
three individuals experienced fatigue 12 or more weeks after the COVID-19 disease
(Ceban et al. 2022). A large international ICOSS II study showed that long-lasting
excessive daytime sleepiness and fatigue were more prevalent among COVID-
infected cases than among healthy controls and associated with higher disease
severity (Merikanto et al. 2022b).
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2.3 Pandemic Effects on Sleep–Wake Behavior and Sleep
Duration in General Population

The circadian rhythm is a natural, internal process that regulates the sleep–wake
cycle and repeats approximately every 24 h. The internal clock has a genetic basis
reflected also as differences in genetic variants between circadian types (Jones et al.
2019; Merikanto et al. 2021). Circadian rhythms determine the ability to maintain
alertness during the day and sleep at night by interacting with the homeostatic
regulation of the sleep–wake cycle (Czeisler and Gooley 2007). The internal circa-
dian rhythm produced by the biological clock is influenced by external time markers
(zeitgeber), of which one of the most important are the environmental light condi-
tions, and others include, e.g., social interaction (Duffy and Dijk 2002). Recurring
lockdown protocols that COVID-19 brought along worldwide had a significant
impact on the timing of daily behaviors. During the lockdown, the stay-at-home
lifestyle brought more freedom to live more in line with the natural diurnal rhythms
leading to changes in sleep–wake behavior that was more in line with the
morningness-eveningness preference (Blume et al. 2020; Korman et al. 2020;
Merikanto et al. 2022c; Roitblat et al. 2020). Lockdown protocols reduced the
exposure to different zeitgebers, i.e., clues that regulate the circadian rhythms. It is
hypothesized that individuals who spend most of the day indoors, expose themselves
less to daylight, which is likely to delay and reduce the amplitude of nocturnal
melatonin release, resulting in a delay in sleep onset (Kutana and Lau 2021). This
hypothesis is supported by an online survey study in the French general population
that showed a delay in sleep schedules, a decrease in exposure to morning and
evening natural light during the pandemic, and also a significant increase in screen
exposure time (Bertrand et al. 2022). Previous research has shown that social and
economic daily life follows different behavioral timing compared to a situation,
where an individual can choose the timing for their daily routines and sleep schedule
according to their preference (Morin et al. 2020; Roenneberg et al. 2019). It is
indicated in large-scale population-based studies that the increased flexibility in
everyday life during the pandemic allowed adjustment of sleep and wake times
more according to individual preference and circadian typology, which increased
sleep duration and decreased social jetlag (Blume et al. 2020; Korman et al. 2020;
Merikanto et al. 2022c).
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2.3.1 Sleep Duration During the Pandemic

During confinement, different survey data have shown that there was an increase in
overall sleep duration (Blume et al. 2020; Gupta et al. 2020; Pépin et al. 2021),
especially among evening-types based on large international ICOSS I study sample
(Merikanto et al. 2022c). However, concerning the changes reported in sleep
duration during the pandemic, changes may have diminished along with the reduced
restrictions. For example, a large multinational sample assessing sleep based on
smartphone applications from around the world and large survey sample of US Fitbit
users showed that time in bed as an indicator for sleep duration increased compared
to time before the pandemic rather in the earlier months of the pandemic than later on
during pandemic (Rezaei and Grandner 2021; Yuan et al. 2022). Taken together,
sleep duration increased during the pandemic in the general population, especially
among evening-types. More research is needed to investigate the changes in sleep
duration at later stages of the pandemic.

2.3.2 Sleep Schedules During the Pandemic

The confinement brought also changes in sleep schedules (Merikanto et al. 2022c).
A large international ICOSS I study on adults showed that sleep schedules were
delayed especially during working days (Merikanto et al. 2022c). Delayed bedtimes
during the pandemic have been reported also in a large-scale Argentinean sample
(Leone et al. 2020) and delays both in bedtime and wake-up times in a small survey
sample of high school students (Genta et al. 2021). There was also a decrease in the
time difference between sleep–wake schedules on workdays and free days (social
jetlag) during the early stages of the pandemic when lockdowns were common
(Capodilupo and Miller 2021; Roitblat et al. 2020; Brandão et al. 2021; Bottary
et al. 2022; Staller and Randler 2021). A large international ICOSS I survey study
showed that while the majority (46%) exhibited a reduction in social jetlag, 20%
showed an increase and 34% no change in the time difference between sleep–wake
schedules between workdays and free days (Brandão et al. 2021). The confinement
brought not only changes in sleep–wake schedules but also in other daily rhythms. In
a small Swedish adult study, the first meal of the day was also scheduled later which
was associated with a shift in sleep timing (Benedict et al. 2021).

2.4 Pandemic Effects on Sleep and Mental Well-Being
Among Different Circadian Types

Sleep disturbances such as social jetlag, insomnia symptoms, and insufficient sleep
are generally more pronounced among evening-types (Merikanto et al. 2012;
Merikanto and Partonen 2020) and this was shown also during the pandemic in



sleep and mental health problems such as insomnia, poor sleep quality, nightmares,
fatigue, depression, anxiety, and stress being emphasized among evening-types in a
large-scale international ICOSS I study (Merikanto et al. 2022c). For example,
according to the insomnia severity index (ISI), moderately severe insomnia was
highest (26.5%) among definite evening-types, 19.8% for moderate evening-types,
12.9% for intermediate-types, 14.7% for moderate morning-types, and 16.8% for
definite morning-types amid pandemic (Merikanto et al. 2022c). Even though social
jetlag generally decreased during the pandemic, it remained to be higher in definite
evening-types compared to other circadian types in a small survey sample of
Australian athletes (Facer-Childs et al. 2021). Overall, it seems that evening-types
suffered from lockdowns more compared to other circadian types.
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2.4.1 Sleep–Wake Behavior During the Pandemic by
Circadian Type

A large international ICOSS I study showed that during the pandemic, sleep–wake
schedules were delayed especially among evening-types, who also reported an
increase in sleep duration (Merikanto et al. 2022c). Yet, definite evening-types
suffered from insufficient sleep more often than definite morning-types in ICOSS I
study (Merikanto et al. 2022c). Intermediate-types were less vulnerable to changes in
sleep schedules compared to extreme circadian types (Merikanto et al. 2022c).
Concerning social jetlag, both an increase and decrease were associated with a
later sleep midpoint (Brandão et al. 2021). These findings might indicate a higher
sensitivity to societal changes in evening-types.

2.4.2 Sleep Quality and Sleep Problems During the Pandemic
by Circadian Type

Both large international and Italian general adult population samples showed that
during the pandemic, sleep quality was significantly lower among evening-types
compared to other circadian types (Bazzani et al. 2021; Merikanto et al. 2022c). In
contrast, morning-types showed a lower predisposition to sleep problems based on
large international and national samples (Merikanto et al. 2022c; Salfi et al. 2021). In
a large international ICOSS I study sample, the association between circadian type
and sleep difficulties was moderated by financial suffering and confinement during
the pandemic (Merikanto et al. 2022c).
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2.4.3 Mental Well-Being During the Pandemic by
Circadian Type

In general, evening-types seem to be more susceptible to mental health issues as
compared to other circadian types, mediated at least partly by insufficient sleep
among evening-types (Merikanto and Partonen 2021). Also during the pandemic,
especially evening-types reported more mental health symptoms, such as anxiety
and depression, than other circadian types (Merikanto et al. 2022c). In a small
sample of students and adults in the UK, evening-type reported more loneliness in
contrast to other circadian types (Norbury 2021). A survey sample of Italian adults
showed that during the pandemic, evening-types had also lower levels of resilience,
a psychological capacity to cope in challenging situations, compared to non-evening
types during lockdown (Bazzani et al. 2021). This might also reflect the
abovementioned high prevalence of sleep and mental health problems among
evening-types during the pandemic.

2.5 Conclusion

The COVID-19 pandemic seemed to have a variety of effects on individuals’ sleep
depending on the circadian type, time in confinement, health background and family,
and socioeconomic situation. During the pandemic, there were novel opportunities
to shift sleep and work schedules more closely aligned to individual biological
rhythms. Nevertheless, in general, there was an increase in sleep and mental health
problems during the pandemic. As our daily routines help our sleep and wake cycles
stay synchronized with daylight, the pandemic-related changes in social schedules
and reduced exposure to light were likely to disrupt sleep and circadian rhythms.
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Chapter 3
Anxiety and Depression During
the COVID-19 Pandemic and Their Impact
on Sleep

Mohammed Al Maqbali

Abstract The effects of COVID-19 on mental health are severe. It is widely
acknowledged that there is a link between anxiety, depression, and sleep disorders.
Although we are aware that such disorders can be exacerbated during an active
infection, the exact effects of the COVID-19 pandemic on the relationship between
anxiety, depression, and sleep disorders are not yet clear. Sleep disorders that appear
to be associated with high levels of mental disorders are typically disregarded and
classified as nonspecific occurrences. However, they should still be expected to
cause problems. This is because the link between mental health conditions and other
problems is often shared. This chapter aims to provide a comprehensive overview of
how anxiety and depression impacted sleep disorders during the COVID-19 pan-
demic. It also briefly explores the prevalence and treatment options available for
these conditions. The overall prevalence of anxiety, depression, and sleep disorders
was higher during the COVID-19 pandemic compared with before the pandemic. In
addition, bidirectionally significant associations were found between sleep disorders,
anxiety, and depression. This suggests that anxiety and depression predict sleep
disorders and vice versa. Thus, we might recommend that treating sleep disorders
can prevent anxiety and depression from developing.

Keywords Sleep disorders · Anxiety · Depression · COVID-19 · Insomnia

3.1 Introduction

Prior to 2020, sleep disorders were ubiquitous and associated with a wide range of
psychopathologies, especially anxiety and depression. However, at the end of
December 2019, the new severe acute respiratory syndrome coronavirus (COVID-
19) was identified in Wuhan City, Hubei province, China, and has since spread
worldwide (Li et al. 2020). Multiple studies have shown that psychological
outcomes—mainly anxiety and depression—are major factors that significantly
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increase the poor sleep outcomes of individuals prior to the COVID-19 pandemic
(Oh et al. 2019; Johansson et al. 2021).
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The sudden onset of a threatening infectious disease can affect the mental health
and sleep of the individual. COVID-19 significantly impacted the daily lifestyle
activities of individuals as governments all over the world simply introduced various
restrictions (Dai et al. 2021) such as lockdowns and avoiding social activities and
self-isolation and quarantine at home for individuals infected by COVID-19. In
addition, individuals might have received worrying information such as daily
COVID-19 death statistics reported by news outlets and social media (Zhou et al.
2021b). Consequently, those in receipt of lifestyle changes and worrying informa-
tion developed a great fear of infection, which might have increased the incidence of
sleep disorders among individuals.

The etiology of the relationship between poor sleep and depression and anxiety
remains unclear during the COVID-19 pandemic. Understanding this relationship
could help to improve treatment, health management, and staff education for further
assessment of sleep in the healthcare system. This chapter aims to provide a
framework for understanding how anxiety and depression impacted sleep during
the COVID-19 pandemic. To do this, we will initially review the existing literature
on the prevalence of sleep disorders, anxiety, and depression. We will then assess the
impact of anxiety and depression on sleep separately, before and during the pan-
demic. Lastly, we will assess the available evidence concerning treating sleep
disorders in the context of anxiety and depression disorders.

3.2 Overview of Anxiety

Anxiety disorders are a widespread mental health problem worldwide, which has
created new challenges for healthcare systems in terms of improving diagnoses and
treatment. In 2019 anxiety disorders were ranked as the sixth leading cause of
disability as they are responsible for about 28.6 million disability-adjusted life
years according to the Global Burden of Diseases, Injuries, and Risk Factors
Study 2019 (Murray et al. 2020). People suffering from anxiety disorders may
experience excessive fear and worries that are out of proportion to the actual threat
in the environment or are perceived by themselves (Craske et al. 2017).

Anxiety disorder is a complex and multidimensional condition that incorporates
subjective and objective experiences involving physical, affective, cognitive, and
behavioral factors (Barros et al. 2022). Anxiety disorders may include generalized
anxiety disorder, specific phobias, panic disorder, social anxiety disorder, agorapho-
bia, and separation anxiety disorder (Association American Psychiatric 2013). A
specific diagnostic criterion for anxiety disorders was outlined in two of most
classification systems—the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) (Association American Psychiatric 2013) and the Interna-
tional Classification of Diseases, Tenth Edition (ICD-10) (Organization World
Health 1992).
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According to the Global Burden of Diseases, Injuries, and Risk Factors Study
2019, anxiety and depression were the two most common mental disorders that
caused disability worldwide in 2019. These disorders were ranked among the top
25 leading causes of burden globally (GBD 2019 Mental Disorders Collaborators
2022). The number of individuals suffering from anxiety disorders has increased
significantly over the past 30 years. In 2019, around 45.8 million individuals were
diagnosed with anxiety disorders globally. The prevalence of anxiety disorders has
been estimated to be around 301 million people (Yang et al. 2021). However,
globally, the lifetime prevalence estimate of individuals suffering from anxiety
was 7.3% (Stein et al. 2017).

It is well-known that anxiety can affect various aspects of daily life, such as the
ability to perform basic activities. Evidence indicates that anxiety is associated with
impaired individuals’ ability to perform an activity (Edwards et al. 2022). This
condition can manifest itself in terms of various functional limitations. Furthermore,
a study revealed that those individuals who displayed anxiety were more prone to
experiencing physical disability (Behrens-Wittenberg and Wedegaertner 2020). In
addition, several studies found a positive relationship between anxiety and the
development of hypertensives (Johnson 2019), heart disease (De Hert et al. 2018),
and diabetes (Smith et al. 2018). Furthermore, individuals with late-onset anxiety
disorder are more prone to developing immune dysregulation, which could make
those individuals more susceptible to disease (Gaspersz et al. 2017).

3.3 Relationship Between Sleep Disorders and Anxiety

Since Dement’s Report (Dement 1960) in the 1960s about the possibility that the
increase in anxiety was attributed to lack of sleep, this relationship has been widely
studied. The cognitive model of sleep disorders states that excessive worry and
anxiety can negatively affect sleep quality (Harvey 2002). It also suggests that
people with high levels of worry are more prone to experiencing sleep problems.
In addition, several studies have suggested that sleep disruption can trigger a
physiological response that can help predict the development of anxiety (Kalmbach
et al. 2019; Richards et al. 2020).

Sleep is acknowledged as a vital process that can help maintain and improve
various physiological and neural systems. For instance, it can help clear metabolic
waste from the brain and improve cognitive function (Kaur et al. 2021). However,
losing sleep can also have detrimental effects. Some of these include the develop-
ment of deficits in cognitive functioning and affect the regulation of various circa-
dian processes (Hudson et al. 2020). Poor sleep can also negatively affect the
emotional function of people. It can also lead to deficits in regulating emotion-
related abilities (Vandekerckhove and Wang 2017). In addition, sleep disturbance is
also prevalent in various psychiatric disorders (Freeman et al. 2020).

The rapid spread of COVID-19 has caused many people around the world to feel
scared and anxious. Regular sleep is essential for human beings to maintain their



daily functions. However, several reviews suggest that the pandemic has had an
overwhelmingly negative effect on mental health (Salari et al. 2020; Santabárbara
et al. 2021). For instance, a meta-analysis by Santabárbara et al. (2021) suggested a
threefold increase in the prevalence of anxiety in various countries compared to
before the pandemic. Therefore, it is important to understand the association
between sleep disorder and anxiety before and during the pandemic.
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3.4 Prior to the Pandemic

To understand the relationship between sleep disorders and anxiety during the
pandemic, it is vital to know the association between sleep disorders and anxiety
prior to the pandemic (Freeman et al. 2020). In psychiatry, sleep disorders such as
insomnia, hypersomnia, and sleep-regulation dysregulation have been regarded as
secondary to the condition of anxiety. This means that if anxiety worsens, sleep
disturbances would also do so. A large body of evidence supports the idea that sleep
disturbances can be in a bidirectional relationship with anxiety. A meta-analysis of
18 studies of 34 experiments revealed that those with sleep disorders were 3.9 times
more likely to develop anxiety than those who did not experience sleep disorders
(Pires et al. 2016). Similarly, another meta-analysis conducted by Hertenstein et al.
(2019), involving 13 primary studies, found that insomnia is a significant predictor
of anxiety. It suggests that there is a threefold increase in the prevalence of anxiety in
individuals with insomnia. A previous meta-analysis indicated that a reduction in
sleep duration is a key factor that can contribute to the development of anxiety
(Baglioni et al. 2016; Cox and Olatunji 2020).

Garbarino et al. (2020) found a bidirectional relationship between obstructive
sleep apnea and anxiety. In addition, a bidirectional association has been found
between poor sleep quality and anxiety among different types of individuals,
whether in the general population (Pires et al. 2016), college students (Friedrich
and Schlarb 2018), healthcare professionals (Weaver et al. 2018), individuals with
chronic diseases (Naranjo et al. 2019), the elderly (Press et al. 2018), and adolescents
(Vancampfort et al. 2019).

Over the past two decades, two previous pathogenic pandemic outbreaks have
impacted the global population—Severe Acute Respiratory Syndrome (SARS) in
2003 and Middle East Respiratory Syndrome (MERS). A longitudinal study in
Taiwan found an association between anxiety and sleep disturbances during the
SARS outbreak (Chen et al. 2006). In the case of the MERS outbreaks, a retrospec-
tive study conducted in Korea among MERS patients found that patients with
insomnia reported moderate to severe anxiety (Kim et al. 2018). However, a limited
number of studies have reported an association between sleep and anxiety during the
MERS and SARS pandemics.
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3.5 During the Pandemic

The COVID-19 pandemic is creating concerns about the mental health of individuals
around the globe, in that it has introduced significant disruptions to their daily lives.
As a result, there has been a call for research funding and for researchers to deploy
resources to understand the implications of the psychological effects of the COVID-
19 pandemic and the ensuing mental health crises.

Several researchers have shown that large-scale disasters, such as those that
occurred during the pandemic, can increase the prevalence of mental health issues
in the affected population (Makwana 2019; Morganstein and Ursano 2020). These
correlations have also remained true throughout the pandemic. Multiple studies have
indicated that the number of people with anxiety and associated sleep disorders has
increased significantly since the onset of the pandemic (Vindegaard and Benros
2020; McCracken et al. 2021).

Furthermore, in response to the COVID-19 pandemic, several governments have
enacted various measures such as lockdowns to limit the spread of the disease. Some
studies longitudinally addressed the significant impact of anxiety on sleep disorders
during the COVID-19 lockdown (Salfi et al. 2020; Mirolli et al. 2021; Falkingham
et al. 2022). However, several longitudinal studies conducted in several countries
have investigated the prevalence of anxiety during different waves of the COVID-19
pandemic; thus, specifically, they considered the situation when restrictions were
eased (Czeisler et al. 2021; Niederkrotenthaler et al. 2022; Wetherall et al. 2022).
These studies did not find significant differences concerning the prevalence of
anxiety during the different waves of the pandemic.

In the context of the relationship between sleep disorders and anxiety during the
restrictions and after they eased, Lam et al. (2021) conducted a follow-up study to
assess the factors associated with sleep changes across two waves of the COVID-19
pandemic among adults in Hong Kong. He found that insomnia was negatively
associated with anxiety across the two waves. Similarly, a study conducted in Ireland
found a bidirectional sleep quality and anxiety relationship during two waves of the
COVID-19 pandemic (Raman et al. 2022). These findings were in line with a
longitudinal study conducted among Chinese adolescents during three waves of
the pandemic, which found a bidirectional association between poor sleep quality
and anxiety (Wang et al. 2022).

A recent systematic review and meta-analysis, which included 177 observational
studies, attempted to understand the relationship between sleep disorders and psy-
chological distress during the COVID-19 pandemic (Alimoradi et al. 2021). The
study found that sleep disorders were moderately (effect size 0.55) correlated with
anxiety. Moreover, sleep disorders were positively associated with anxiety among
the general population, COVID-19 patients, and healthcare professionals, with effect
sizes of 0.48, 0.49, and 0.55, respectively. In a longitudinal study conducted to
examine the underlying factors in terms of mental health problems among college
students in China, Zhang et al. (2020) noted the direct and indirect significant impact
of anxiety (indirect effect = 0.40, p < 0.001) on sleep quality.
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Regarding the association between sleep disorders and anxiety among different
populations, several studies have found that there is a significant relationship
between sleep disorders and anxiety in patients infected with COVID-19
(Fernández-de-las-Peñas et al. 2021), healthcare professionals (Th’ng et al. 2021),
individuals with chronic diseases (Idrissi et al. 2020), university students (Gardani
et al. 2022), children and adolescents (Zhao et al. 2022), and the general population
(Alqahtani et al. 2022). Due to the varying methods used in the study, it is difficult to
determine precisely how the pandemic has affected the health of individuals. How-
ever, consistently, across different countries, results show that significant propor-
tions of people are affected by the various mental health and well-being issues that
are assessed.

3.6 Management of Anxiety

Understanding the link between sleep disturbances and anxiety disorders is the next
step in developing effective interventions. Although sleep problems are typically
severe and complex in people with anxiety, much evidence has supported the idea of
using Cognitive Behavioural Therapy (CBT) to treat these conditions. A meta-
analysis suggested that there may be a bidirectional relationship between the treat-
ment of anxiety and sleep disorders. An earlier meta-analysis included 25 studies
that assessed the impact of CBT for anxiety on comorbid sleep disturbances and
reported a moderate effect (effect size 0.53) of anxiety treatment on sleep distur-
bance (Belleville et al. 2010). Conversely, another meta-analysis of 43 randomized
controlled trials (RCTs) involving 5945 trial participants, investigating the impact of
CBT sleep intervention on anxiety showed that CBT sleep intervention has a
moderate reduction in anxiety (Staines et al. 2022). Ho et al. (2015) and van Straten
and Cuijpers (2009) conducted systematic reviews and meta-analyses on the effec-
tiveness of self-help CBT for sleep on anxiety and found a small effect.

The results of individual cognitive therapy sessions are similar to those of group
therapy, with individual sessions being more likely to produce significant effects in
terms of both anxiety and insomnia (Freeman et al. 2020; Wallsten et al. 2021). In
clinical trials, the link between sleep disturbances and anxiety has been established,
suggesting that it can be a part of a treatment strategy.

3.7 Overview of Depression

Depression is a major cause of disability worldwide (World Health Organization
2017) with a high disease burden and societal cost (Walker et al. 2015; Liu et al.
2020). It is a known contributor to death by suicide (World Health Organization
2017). It is also associated with other chronic diseases such as cardiovascular and
cancer. In addition, it can lead to poor treatment and increased mortality (Machado



et al. 2018). Depression is a common mental illness that can affect an individual’s
mental and physical health. Its symptoms include a lack of interest in regular
activities and insomnia, and the disease can cause poor quality of life (Fang et al.
2019). Depression is a chronic disease that can impair the functioning of people in
most societies.
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The word depression comes from the Latin word “depressio,” which means “To
press down, depress.” Depression is a type of mental disorder that typically involves
feelings of sadness, loss of pleasure, low self-worth, tiredness, and anxiety; it can be
long-lasting or recurrent (Mancini 2021). According to the DSM-5 criteria of major
depressive disorders, it is a constellation of symptoms that include depressed mood,
anhedonia, loss of energy, motor retardation or agitation, insomnia, or hypersomnia;
at least five or more symptoms should be present for at least 2 weeks (Association
American Psychiatric 2013).

Around 322 million people globally are affected by depression, a common mental
disorder affecting around 3.8% of the world’s population (World Health Organiza-
tion 2017). It is considered a leading cause of disability, and can severely affect a
person’s quality of life. The effects of depression can last for a long time, and it can
also affect a person’s work and personal life. The health burden of depression is
estimated by the GBD study, which uses disability-adjusted life years (DALYs) to
calculate the impact of the disorder. In 2019, the number of DALYs caused by
depression was 37.3% and was ranked 13th in terms of the leading cause of DALYs
(GBD 2019 Mental Disorders Collaborators 2022). Lim et al. (2018) studied
1,112,573 adults worldwide, and calculated the prevalence of depression over
1 year as 7.2%, while the lifetime prevalence was 10.8%.

One of the most common mental disorders globally, major depressive disorder is
considered to be very burdensome. Depression is a leading cause of poor health and
disability worldwide and is expected to rank first globally by 2030 (Malhi and Mann
2018). Furthermore, depression has been linked to suicide. A meta-analysis of
20 studies examined the association between suicide and depression and found
that the presentation of depression increased the risk of suicide sevenfolds (Moitra
et al. 2021).

It is widely believed that depression can play a role in the development of medical
illnesses. For example, studies found that individuals with depression had a higher
risk of developing diabetes (Sartorius 2018), hypertension (Herrera et al. 2021),
cardiovascular diseases (Zhang et al. 2022b), stroke (Hu et al. 2021), asthma (Cooley
et al. 2022), headaches (Baker et al. 2020), obesity (Blasco et al. 2020), dementia,
including Alzheimer’s disease (Hayley et al. 2021), and an increased risk of hospi-
talization and accidents (Gialluisi et al. 2021).

3.8 Relationship Between Sleep Disorders and Depression

Individuals suffering from depression are prone to experiencing sleep problems. One
of the most important factors researchers are currently looking into when it comes to
understanding depression is its relationship with sleep disorders. In many cases, the



condition is revealed through sleep disorders. Various forms of sleep disorders can
also be associated with depression. These include difficulty falling asleep, frequent
awakening during the night, early morning awakening, and non-restorative sleep.
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According to the DSM-5 and ICD-10, sleep disturbance is a core diagnostic
criterion for major depressive disorder (World Health Organization 1991; Associa-
tion American Psychiatric 2013). Due to the complexity of depression, it is com-
monly believed that it is a heterogeneous construct (Spellman and Liston 2020).
Therefore, it is important to understand the biology of depression to develop
effective treatment strategies. The National Institute of Mental Health’s Research
Domain Criteria initiative has provided a framework for the study of mental health
disorders by focusing on the multiple measurable traits that can be found in each
disorder (Morris et al. 2022). As with depression, it is also known that sleep
disturbance is often associated with major depression. Thus, the discussion of
sleep complaints in both clinical and research settings must not be superficial.
While short-term measures can be used to assess sleep disturbance, they are not
enough to meaningfully advance the understanding of the link between sleep and
depression.

The concept of the relationship between sleep architecture and depression is
supported by the alteration in the sleep architecture of individuals in depressive
states. Depression is known to have significant effects on the sleep architecture of
individuals. These include shortened rapid eye movement (REM) latency, increased
REM sleep duration, and REM density. All these factors have been used as biolog-
ical markers of depression, and predict the likelihood of relapse (Freeman et al.
2020). At the basic level, brain regions involved in regulating sleep include the
thalamic nuclei, the forebrain, the hypothalamus, the brain stem, and the limbic
mechanisms that affect arousal. All of these are associated with the pathophysiology
of both sleep disturbances and depression disorders (Shen et al. 2022).

The rapid spread of COVID-19 has caused anxiety in people around the world to
increase. Consequently, it might lead to the development of depressive disorders.
Recent meta-analyses found that depression significantly increased during the
COVID-19 pandemic compared with before the pandemic, with a standard mean
change of 0.216 (Robinson et al. 2022).

3.9 Prior to the Pandemic

The standard psychiatric diagnosis for depression is that hypersomnia and insomnia
are symptoms of the disorder. There have been numerous studies that suggest that
sleep disturbance is a contributing factor to the high frequency of depression in
patients. Studies have shown that patients with depression and comorbid sleep
disorders are more likely to visit psychiatric clinics for treatment. Additionally,
they are also more likely to be resistant to treatment (Bishop et al. 2020). In some
cases, persistent sleep problems can be a contributing factor to the development of
depression and suicide (Wang et al. 2019).
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It is estimated that around 90% of patients with depression are prone to experienc-
ing sleep complaints such as insomnia, sleep-disordered breathing, narcolepsy, and
restless legs syndrome (RLS) (Wiersema et al. 2018). However, about two-thirds of
patients who are experiencing a depressive episode will also experience insomnia
(Li et al. 2016), whereas 40% of depression patients may report one or all of
experiencing difficulties initiating sleep, maintaining sleep, and/or early morning
awakenings (Vorvolakos et al. 2020). In addition, a meta-analysis involving 73 stud-
ies, showed that the prevalence of depression was 35% among patients with obstruc-
tive sleep apnea (OSA) (Garbarino et al. 2020).

Although depression was initially regarded as a risk factor for sleep disturbances,
other studies have shown that this condition can also be an independent cause of
depression. Poor sleep quality is known to be a prodromal manifestation of depres-
sion. Sleep disorders have been known to be a risk factor for major depression. A
longitudinal study involving 5481 patients with mental disorders revealed that the
number of patients experiencing depression was significantly higher in those who
experience sleep disturbance (Schennach et al. 2019). Three meta-analyses found
that nondepressed individuals with insomnia have more than a twofold risk of
developing depression compared to individuals without sleep disorders (Baglioni
et al. 2011; Li et al. 2016; Hertenstein et al. 2019).

Evidence suggests that a bidirectional relationship exists between sleep disorders
and depression. A recent Mendelian randomization study showed a bidirectional
causal association between insomnia and depression (Zhou et al. 2021a). Similarly,
Nguyen et al. (2022) conducted a longitudinal study that included 3294 participants
and examined the proposition of sleep disorders and predictions of depressive
symptoms at an 18-year follow-up. The study concluded that sleep disorders signif-
icantly mediated depression symptoms and vice versa. A reciprocal relationship
existed between sleep disorders and depression in diverse adolescents (Vazsonyi
et al. 2022), individuals with chronic diseases (Zhang et al. 2022a), pregnant women
(Chan et al. 2022), and community-dwelling adults (Sun et al. 2018).

Regarding the relationship between sleep disorders and depression during the
previous MRSA and SARS pandemics, a longitudinal study during the SARS
outbreak revealed that the link between depression and sleep disturbance was
bidirectional (Chen et al. 2006). However, only a limited number of research studies
have investigated the relationship between sleep and depression during the MRSA
pandemic.

In individuals with depression, those with poor sleep quality are more prone to
experiencing disorder symptoms. This is because the link between these conditions
and the development of depression is known to be bidirectional. In other words, if
you have insomnia and poor sleep quality, you are more likely to develop depression
and vice versa.
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3.10 During the Pandemic

The effects of COVID-19 on sleep can be expected to raise awareness about the
importance of regular sleep. Sleep is vital to maintaining healthy and balanced
physical and psychological processes. Specifically, it can affect the prognosis and
quality of life of individuals with COVID-19.

During the lockdown, the main sleep–wake cycle synchronizations are disrupted,
usually triggered by the disruption of the circadian rhythm, which is a natural part of
our daily routine. Consequently, sleep disorders, depression, and other mental health
problems might develop. A meta-analysis found that the prevalence of sleep distur-
bance was higher during lockdown (42.29%) compared to a non-lockdown period
(37.97%) (Jahrami et al. 2022). Several longitudinal studies have assessed the
relationship between sleep disorders during the lockdown and a non-lockdown
period and found a bidirectional relationship between sleep disorders and depression
(Viselli et al. 2021; Gorgoni et al. 2021; Bi and Chen 2022).

Many countries implemented strict social distancing measures, which included
banning group meetings, closing schools, and restricting nonessential commercial
activities. Implementing these measures can lead to changes in an individual’s
circadian rhythm (Salehinejad et al. 2022). For instance, it can reduce the pressure
to wake up early in the morning on workdays, which can help people avoid
experiencing social jet lag. However, studies have shown that circadian rhythm
abnormalities in people are positively associated with depression (Reynaud et al.
2022; Felician et al. 2022).

It is widely acknowledged that there is a link between poor sleep quality and
depression. A meta-analysis of 177 papers comprising 345,270 participants from
39 countries examined the relationship between sleep disorders and depression
during the COVID-19 pandemic (Alimoradi et al. 2021). Sleep disorders were
found to be moderately associated with depression (effect size= 0.54). Additionally,
in subgroup analysis, an association between sleep disorders and depression was
found among healthcare professionals (effect size = -0.28), the general population
(effect size = -0.30), and COVID-19 patients (effect size = -0.36).

Insomnia is a common sleep disorder that can be triggered by depression,
specifically during the COVID-19 pandemic. Several longitudinal studies have
been conducted that examined the relationship between insomnia symptoms and
depression during the pandemic. These studies support bidirectional associations
between insomnia and depression (Tsaras et al. 2021; Pizzonia et al. 2021). Insomnia
can affect the integrity of the sleep cycle, and it can also lead to a reduction in the
rapid eye movement cycle, which is believed to be caused by the secretion of
monoamines (Ye et al. 2022). Consequently, this reduction in the level of serum
monoamines may trigger depressive symptoms (Filatova et al. 2021).
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3.11 Management of Depression

The concept of sleep disorders as a transdiagnostic process has been supported by
the accumulating evidence related to their relationship with depression. Furthermore,
treatment for sleep disturbance may result in a reduction in depressive symptoms.
The management of sleep disorders to reduce depression has been divided into
non-pharmacological and pharmacological interventions.

3.12 Non-pharmacological Interventions

There are various non-pharmacologic intervention approaches available to treat
sleep disorders. For example, there is a multicomponent CBT for insomnia, which
may include sleep restriction, stimulus control therapy, sleep hygiene or
psychoeducation, and relaxation. Additionally, there are other non-pharmacologic
approaches, including light therapy, exercise acupuncture, acupressure, moxibus-
tion, aromatherapy, foot reflexology, meditative movement therapies, homeopathy,
music therapy, and yoga. A meta-analysis of 49 RCTs was conducted to determine if
non-pharmacological interventions can help reduce depression symptoms (Gee et al.
2019). The author revealed that the effects of CBT for insomnia were associated with
a significant reduction in depression symptoms to a great extent (effect size = -
0.81).

Another meta-analysis included 65 RCTs involving 8608 participants. It was
conducted to examine the effects of any sleep intervention composite on depression
(Scott et al. 2021). Most interventions were multicomponent CBT for insomnia,
including acupuncture, sleep hygiene alone, sleep restriction alone, Tai Chi, phar-
macological treatments, CBT for nightmares, walking, and yoga. The researchers
found that these sleep interventions had a significant albeit moderate effect on the
symptoms of depression (effect size = -0.63). The results of the CBT interventions
suggest that treating sleep disorders with the help of evidence-based treatments can
reduce the risk of depression. This finding is consistent with the idea that sleep
disturbance can contribute to the development of depression.

3.13 Pharmacological Interventions

Based on the pathophysiology of sleep, pharmaceutical interventions have been
developed to treat sleep disorders. These drugs include benzodiazepines, antidepres-
sants, antihistamines, melatonin, and phytotherapeutic substances. Several meta-
analyses have attempted to examine the efficacy of phytotherapeutics in treating
sleep disorders, and have concluded there is a small to moderate effect in terms of
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Moon et al. (2022) conducted meta-analyses involving 30 RCTs to report the
effect of melatonin agonists on sleep disorders in the case of healthy participants and
patients with psychiatric disorders, including depression. Four trials reported
patients with depression. However, due to the very limited data, the authors could
not provide enough evidence of the benefits of melatonin for sleep disorders in terms
of improving depression. Further large single-blinded RCTs are required to establish
if the use of pharmaceutical interventions can help treat sleep disorders as well as
depression.

3.14 Conclusion

The COVID-19 pandemic has been a global phenomenon, disrupting various aspects
of life for most people. Understanding the relationship between anxiety, depression,
and sleep disorders could help identify the factors that contribute to their persistence,
and improve the quality of life for individuals. The prevalence of the symptoms of
anxiety, depression, and sleep disorders was higher during the COVID-19 incident
than in previous years, suggesting that the effects of the event on mental health were
more severe than previously known. The prevalence of anxiety, depression, and
sleep disorders is higher than in previous mass traumatic events. The effects of
COVID-19 on the economy and society are also more apparent.

Generally, most individuals experience sleep difficulties at some point in their
lives. Sleep disturbance is a common component of anxiety and depression. It is also
known that this sleep disorder is often included as a symptom of anxiety and
depression. In recent years, the use of longitudinal assessment methods has led to
the development of solid evidence supporting the bidirectional associations between
sleep and anxiety and depression disorders.

In a clinical setting, it should be routine to assess anxiety and depression to
improve the quality of life of individuals with sleep disorders, as a means of helping
identify the appropriate treatment and management. These problems should then be
treated appropriately through CBT treatment.

The authors do not have any disclosures to report.
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preparation.
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Chapter 4
Sleep Problems During the COVID-19
Pandemic in Children and Adolescents

Roy Chowdhury Sayoni, Kamila Gautam, and Gulati Sheffali

Abstract Adequate sleep is vital for the optimal functioning of diverse cognitive
and psychological functions such as learning, memory integration, attention, socio-
emotional regulation, and coping mechanisms. Although highly prevalent in the
pediatric population, sleep problems remain poorly recognized and addressed. As
the pandemic has unfolded, researchers have studied the negative consequences the
pandemic had on sleep in children. Due to the lockdown and social restrictions
brought on by the COVID-19 pandemic, children and adolescents were suddenly
confronted with major lifestyle changes such as home confinement, online lessons,
and altered daily routines. The prevalence of sleep disruptions has risen considerably
amidst the pandemic, with delayed sleep–wake phase disorder being the most
frequently reported sleep issue among children and youth. Management of these
sleep problems entails a structured approach centered on optimizing sleep hygiene,
treating specific COVID-19-related sleep issues, excluding confounders, and
treating modifiable risk factors while implementing telemedicine services for the
delivery of care.

Keywords Sleep disturbances · Circadian phase delay · Physical activity · Screen
time · Teleconsultation

4.1 Importance of Sleep and Circadian Rhythm
in the Maintenance of Well-Being and Its Effect
on Cognition

Sleep is essential for the maintenance of physical health and mental well-being. It is
defined as a reversible state of interruption of sensorimotor interactions with the
external environment, typically characterized by immobilization and recumbency
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(Brand and Kirov 2011). It is additionally thought of as a state of adaptive inactivity
(Siegel 2009). Numerous physiological processes such as immunological, meta-
bolic, thermoregulatory, and cardiorespiratory functions necessitate sleep for their
effective functioning. Sleep being a complex neurobiological process is inextricably
linked to circadian rhythm regulation. A complex interplay of these two processes
bears a crucial role in neuroplasticity and cortical excitability by maintaining
synaptic homeostasis and organizing neuronal restoration networks (Tononi and
Cirelli 2006). Adequate sleep thus lays the foundation for the sound functioning of
diverse cognitive and psychological abilities including learning, memory consolida-
tion, attention, socio-emotional regulation, and coping mechanisms (Maquet 2001;
van der Helm et al. 2010; Mikoteit et al. 2012). Reduced functional connectivity of
the default mode network (DMN), seen in sleep-deprived adolescents and adults
across studies, offers a plausible explanation for how poor sleep contributes to higher
order cognitive deficits (Tashjian et al. 2018). Circadian rhythm however is depen-
dent on the internal clock (biological rhythm) as well as extrinsic factors like social
cues, auditory stimuli, exercise, and daily routines. These external influences inter-
fere with social zeitgebers which, in turn, disrupt biological rhythms (Salehinejad
et al. 2022).
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4.2 Sleep Architecture and Development in the Pediatric
Population

Non-rapid eye movement (NREM) and rapid eye movement (REM) are the two
phases of sleep that the human body alternates between. NREM sleep is further
categorized into three stages N1 to N3, exemplifying a continuum of relative depth.
Each phase and stage of sleep is characterized by alterations in electrographic waves,
muscle tone, and ocular movements. Loss of muscle tone is a defining feature of
REM sleep, which is also when we experience most of our dreams. NREM sleep
duration shortens as REM sleep duration lengthens as the night advances. For a
healthy adult, the total sleep cycle lasts for 90–110 min with an average of 4–6 sleep
cycles per night (Ophoff et al. 2018).

However, in children, sleep patterns tend to evolve with age with the most
consistent trend being a decrease in sleep duration. Table 4.1 represents the genesis
of normal sleep patterns from the neonatal period through adolescence. It might be
challenging to provide specific recommendations regarding how much sleep a child
needs and what time he should go to bed because every child has unique sleep
demands. A child who wakes up easily and without prompting has likely had enough
sleep.
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Table 4.1 Sleep architecture and development in the pediatric population (Ophoff et al. 2018;
Paruthi et al. 2016; MacLean et al. 2015)

Age group Sleep architecture and development

Neonates • Three sleep stages: active sleep (REM),
quiet sleep (NREM), and indeterminate sleep
• Sleep onset through REM
• No differentiation between day and night

Sleep needs: 16–18 h/day

Infants • Two sleep phases: NREM, REM
• Day/night differentiation from 1 month
• By 3 months, sleep onset through NREM
and the diurnal pattern is established (cycling
of melatonin and cortisol in a circadian
rhythm)

Sleep needs: 12–16 h/day for 4–-
12 months old infants, two day-
time naps

Toddlers
and pre-
schoolers

• REM sleep duration decreases while
NREM increases

Sleep needs:
11–14 h/day: 1–2 years old (one
daytime nap)
10–13 h/day: 3–5 years old
(no daytime nap)

Schoolers • N3 duration peaks due to prolonged
REM latency
• By 6 years, circadian rhythm preferences
develop: night owl or an early riser

Sleep needs: 9–12 h/day

Adolescents • N3 duration dips
• Mid-puberty: daytime sleepiness
increases

Sleep needs: 8–10 h/day

4.3 Common Sleep Issues in Children and Adolescents
During the Pre-pandemic Era

4.3.1 Typically Developing Children and Adolescents

Although highly prevalent in the pediatric population, sleep problems remain poorly
recognized and addressed. An estimated 20–30% of children struggle with sleep
issues (Owens 2008; Trosman and Ivanenko 2021). Age-dependent variability in



sleep patterns as well as the spectrum of sleep disturbances is a well-known fact.
With advancing age, bedtimes tend to get delayed with declining sleep duration.
While night-time awakenings are more common in infancy and early childhood
days, sleep problems caused by poor sleep hygiene or circadian rhythm disturbances
tend to predominate in adolescence. Considering gender differences, boys during
childhood years and adolescent girls are prone to sleep-related difficulties. Lower
socioeconomic status was also more often associated with sleep issues in the
adolescent age group than in children (Lewien et al. 2021). A schematic represen-
tation of sleep difficulties in the pediatric population as per age is depicted in
Fig. 4.1.

64 R. C. Sayoni et al.

4.3.2 Children with Neurodevelopmental Disorders (NDDs)

Up to 85% of children with NDDs suffer from sleep difficulties as compared to 25%
of healthy children (Horwood et al. 2019).

Attention deficit hyperactivity disorder (ADHD): The behavioral dysregulation def-
icits that comprise ADHD often interfere with maintaining age-appropriate

Infants and toddlers 
(20-30%)

Nightwakings, bedtime resistance, sleep-
related rhythmic movements such as head 
banging, body rocking, and body rolling. 

Preschoolers
(15-30%)

Nightmares, bedtime problems, 
obstructive sleep apnea, sleep-

disordered breathing, sleepwalking and 
sleep terrors. 

Schoolers
(35-40%)

Sleepwalking, sleep terrors, bruxism, sleep 
enuresis, OSA, insufficient sleep 

syndrome, RLS, PLMD

Adolescents
(at least 20%)

Insomnia, insufficient sleep syndrome, 
delayed sleep-wake phase disorders, 
OSA, RLS, PLMD, and narcolepsy. 

Fig. 4.1 Common sleep problems in children and adolescents in the pre-pandemic era (Ophoff
et al. 2018). OSA obstructive sleep apnea, RLS restless leg syndrome, PLMD periodic limb
movement disorder
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healthy sleeping habits. About 25–50% of children and teenagers with ADHD are
at risk for a wide spectrum of sleep disruptions, ranging from delayed onset, short
sleep duration, and night-awakenings to developing secondary sleep disorders.
While insomnia is more common in the hyperactive-impulsive ADHD group, the
inattentive ADHD type typically has late bedtimes. Additionally, these children
are also prone to certain sleep disorders such as circadian rhythm abnormalities,
sleep-disordered breathing, and restless leg syndrome. Due to the overlapping
symptoms of ADHD and sleep deprivation, these sleep disorders frequently go
undiagnosed, necessitating a high index of clinical suspicion (Sleep Foundation
2021).

Autism spectrum disorder (ASD):An estimated 40–80% of children with ASD suffer
from sleep issues such as delayed sleep onset, bedtime resistance, frequent
awakenings, daytime sleepiness, and parasomnias. All these can be explained
by the complex interplay of factors such as disturbances in melatonin homeosta-
sis, impaired GABAergic neuronal maturation, and sensory impairment in ASD
individuals. Coexistent medical and behavioral comorbidities can also trigger
sleep disruption, often leading to daytime challenging behaviors and worsening
of core ASD symptoms (Hyman et al. 2020).

Cerebral palsy: Children with cerebral palsy frequently report sleep disturbances in
up to 25% of cases. Difficulty in falling and maintaining sleep were the most
common sleep problems encountered (Horwood et al. 2019).

4.4 The Spectrum of Sleep Problems in Children
and Adolescents During the COVID-19 Pandemic

Two and half years have passed since the first case of the 2019 novel coronavirus
(2019-nCoV/SARS-CoV-2) was reported in December 2019 from Wuhan city of
China. The World Health Organization (WHO) declared COVID-19 a Public Health
Emergency of International Concern on January 30, 2020, and a pandemic was
subsequently declared on March 11, 2020. Globally, as of October 13, 2022, there
have been 620,301,709 confirmed cases of COVID-19, including 6,540,487 deaths
(WHO Coronavirus (COVID-19) Dashboard 2022). In the absence of definitive
treatments and vaccines, measures implemented to control the sequential waves of
the COVID-19 pandemic primarily focused on mask-wearing, social distancing,
hand hygiene, lockdown, and quarantine. All these measures posed a considerable
challenge to the healthcare system, government revenue, and educational
institutions.

The contagion effect of SARS-CoV-2 has readily percolated through every tier of
society. While COVID-19 continues to affect millions worldwide and society
struggles to adapt to a new normal, the significance of sleep issues has flown
under the radar. Healthy sleeping habits are key for sustaining good physical,
emotional, and mental health. As the pandemic has unfolded, researchers have
studied the negative consequences the pandemic had on sleep. The psychosocial



burden imposed by the ongoing global health crisis has been a major contributor to
sleep problems irrespective of age, sex, and socioeconomic background. COVID-19
patients, children and adolescents, healthcare workers, and university students
suffered major hits. The prevalence of sleep difficulties, independent of any covar-
iate, was 40% (Jahrami et al. 2022). Following actively infected COVID-19 patients,
children and adolescents were the second most affected group. The prevalence of
any sleep disturbance in children and adolescents ranged from 46% to 59%, nearly
doubling from the pre-pandemic times. Approximately, half of the children did not
meet any sleep recommendations (Jahrami et al. 2022; Sharma et al. 2021; Wearick-
Silva et al. 2022). Remote learning due to school closures coupled with social
restrictions due to the lockdown has led to a major lifestyle change in the pediatric
population typified by less physical activity, increased screentime exposure, and
irregular sleep patterns. The frequency and spectrum of sleep disturbances have
however been observed to differ between toddlers, school-goers, and teenagers
(Fig. 4.2).
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General population
(36%)

Healthcare workers, university 
students & special populations 

(41%) 

Children & adolescents 
(46 %)

Infected COVID-19 patients
(52%)

Fig. 4.2 Prevalence of sleep disturbances brought on by the COVID-19 pandemic (Jahrami et al.
2022)

4.4.1 Typically Developing Younger Children (Toddlers,
Preschoolers)

4.4.1.1 Sleep–Wake Schedule, Sleep Quality, and Duration

An altered sleep–wake cycle with late bedtime and rise time was most frequently
reported by parents of toddlers and preschoolers. This phase shift during lockdown



was also associated with shorter and reduced daytime naps. Approximately,
one-third of children experienced a change in sleep duration and poor sleep quality.
These observations showed a positive correlation with maternal factors such as
COVID-19 anxiety, worse sleep quality, insomnia symptoms, and harsh parenting
style (Liu et al. 2021; Zreik et al. 2021; Carroll et al. 2020). Caregiver’s use of
mindfulness strategies and the presence of siblings and pets in the house were the
few variables that favored a child’s sound night sleep. Even though bedtime and
wake-up time have been delayed by around an hour, overall sleep duration in
preschoolers remained inconsistent: it either stayed the same, increased, or decreased
from the pre-pandemic period. Infants and toddlers, on the otherhand, more fre-
quently reported shorter sleep duration, later bedtimes, and longer sleep latency than
preschoolers. The sleep trajectory, both quality, and duration however followed a
quadratic pattern with an initial decline followed by a stabilization phase as the
pandemic unfolded (Di Giorgio et al. 2021; Markovic et al. 2021; Dellagiulia et al.
2020).
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Interestingly, age-specific sleep disorders like bedtime resistance, sleep onset
anxiety, night-awakenings, parasomnias, and sleep-disordered breathing improved
during the early confinement days. Relative to pre-pandemic times, data is contro-
versial regarding the overall prevalence of sleep disturbances in younger children.
Some studies reported a fairly constant or a downhill trend of sleep issues. This
might be attributed to the fact that good parenting practices and nutritious dietary
habits are more effective with the additional time available during the lockdown,
especially for younger kids for whom increased family time offered the greatest
benefit (Liu et al. 2021; Di Giorgio et al. 2021). On the contrary, a single study
observed an astonishing rise in the prevalence of altered sleep habits from 20% in the
pre-pandemic era to 58.6% during the pandemic in the youngest ones (0–3 years)
(Wearick-Silva et al. 2022).

As the pandemic advanced with subsequent waves, a gradual shift towards a
worsening sleep quality with trouble falling asleep, bedtime anxiety, night-
awakenings, nightmares, and sleep terrors was observed in children up to 5 years
(Bruni et al. 2022a).

4.4.2 Healthy School-Goers and Adolescents

School-going children and adolescents behaved differently concerning sleep
throughout the pandemic as compared to preschoolers. They may be more prone
to the adverse effects of social isolation owing to the lack of peer ties and may be
faced with distinct parent-teen conflicts. School closures, online classes, lack of
outdoor activities, increased screentime, COVID-19-related fear, psychological
issues, and uncertainty about the future also contributed largely to inadequate
sleep in them. The majority experienced delayed bedtime and rise time, a worsened
sleep quality, and longer sleep duration during 24 h including naps (Wearick-Silva



et al. 2022; Bruni et al. 2022a; Genta et al. 2021; Zhou et al. 2020; Fidanci et al.
2020; Windiani et al. 2021).
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4.4.2.1 Sleep–Wake Schedule

Nearly, one-third of schoolers and two-thirds of adolescents fell asleep after 11 p.m.
during the lockdown, compared to 0.9% and 12%, respectively before the pandemic.
This late sleep–wake phase also persisted during the weekends, although less
pronounced. The average reported bedtime delay was over an hour, which may be
related to protracted sleep latency (Bruni et al. 2022a). A minimum sleep latency of
30 min was evident among a significant proportion of children of all ages, which has
nearly doubled during this unprecedented health crisis. Teenagers who spent more
leisure screen time at night became more alert, had less melanin production induced
by the blue light of the screen, and experienced a phase delay in their circadian
rhythm, all of which affected sleep latency and efficiency (Baby et al. 2021). On the
contrary, flexible sleep routines due to school closings and late bedtimes were the
main predictors of a later wake-up time. The majority of them woke up after 8 am on
weekdays and after 9 am on weekends. This sleep–wake pattern, in the pre-pandemic
times, is typically observed on weekends and holidays. The circadian dysregulation,
which was most obvious during the initial days of home confinement, lasted
throughout the successive COVID-19 waves.

4.4.2.2 Sleep Duration and Quality

The use of electronic gadgets, female sex, mental health issues, and having an
acquaintance suffering from COVID-19 were all found to be strongly associated
with poor sleep quality in adolescents. Nutritive dietary choices and regular physical
exercise on the flipside correlated with good sleep quality in them (Zhai and Du
2020). An increase in sleep duration by approximately 1 h was noted among high
school-goers. This can be well ascribed to the late start of daily routines, including
virtual classroom sessions and adjustable timetables. Surprisingly, the pandemic
witnessed a significant proportion of adolescents to be certainly gaining the
recommended amount of sleep with the elimination of social jet lag (Tyack et al.
2022). It proved to be beneficial for some youth who suffered from chronic sleep
deprivation due to early school hours. This pandemic indeed evoked a circadian
shift, in alignment with the endogenous biological clock of evening chronotypes and
night owls, due to additional flexibility offered by home learning and variations in
work/school timings (Becker and Gregory 2020). Shorter sleep duration and higher
bedtime arousal before the pandemic were however predictive of an increased
perceived stress level among teenagers during the pandemic, which in turn nega-
tively impacted their sleeping patterns. With the evolution of the pandemic, sleep
quality improved with reduced somnolence, a narrower gap in sleep duration



between weekdays and weekends, and fewer midday naps (Gruber et al. 2021;
AMHSI Research Team et al. 2020).
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4.4.2.3 Insomnia

The prevalence of insomnia was 21–38% among school-going adolescents. Early
worries and sufferings associated with insomnia can evolve into primed cognitive
and somatic hyperarousal, which causes persistent difficulties in falling and staying
asleep as these folks simply lie awake in bed. Aside from the primary stressors
brought on by the pandemic (social isolation, fear of contagion, juggling new roles),
a few of the several risk factors for insomnia included female gender, living in cities,
anxiety, depression, gaming disorder, and senior high school attendies. On the
contrary, lower rates of sleep irregularities were observed in those who had optimis-
tic COVID-19 predictions, stronger social support networks, and fewer negative
consequences of the pandemic on their studies and daily lives (Zhou et al. 2020; Lu
et al. 2020; Chi et al. 2021).

Overall, adolescents had lesser sleep difficulties than younger children with better
sleep quality, longer sleep duration, and later bedtimes between 10 p.m. and 12 a.m.
Prolonged sleep latency was the most noticeable sleep pattern among teenagers
(Sharma et al. 2021; Bruni et al. 2022a; Tyack et al. 2022; Richter et al. 2022)
(Fig. 4.3).

4.4.3 Children and Adolescents with Neurodevelopmental
Disorders

NDDs perse pose an independent risk for sleep disturbances. These children are
more vulnerable to stressful situations due to a lack of effective coping mechanisms.
The intricacy of the pandemic situation with its social constraints surpasses the
general understanding of these children, which in turn incites psychological distress
and exacerbates sleep issues.

4.4.3.1 Attention Deficit Hyperactivity Disorder (ADHD)

Disruptions of daily activity due to the COVID-19 pandemic, with the remote or
hybrid modes of learning, limitations on social interactions with friends, and changes
to parental work routines often exacerbated the impairments associated with ADHD.
About 70% of caregivers reported disturbed sleep in children and adolescents with
ADHD during the lockdown. This included trouble initiating sleep (85%), irregular
sleep–wake schedule (60–70%), arousal disorders (50%), altered sleep duration
(40–50%), sleep-disordered breathing (40%), and somnolence (40%) (Bruni et al.



2021). Like typically developing children, later bedtime and shorter sleep duration in
ADHD children correlated with increased screen use. Among children with devel-
opmental disabilties, ADHD group suffered from a more disrupted and unstable
sleep–wake cycle than children with ASD. The variable and maladaptive nocturnal
sleep pattern, a core characteristic of ADHD, provides a compelling explanation for
this (Gruber et al. 2000).
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Fig. 4.3 Global impact of COVID-19 pandemic on sleep in school-going children and adolescents
(Jahrami et al. 2022; Sharma et al. 2021; Wearick-Silva et al. 2022; Zreik et al. 2021; Di Giorgio
et al. 2021; Dellagiulia et al. 2020; Bruni et al. 2022a; Genta et al. 2021; Zhou et al. 2020; Fidanci
et al. 2020; AMHSI Research Team et al. 2020; Lu et al. 2020; Chi et al. 2021; Mitra et al. 2020;
Medrano et al. 2021; Baptista et al. 2021; Zhao et al. 2022; Lopez-Leon et al. 2022; Abid et al.
2021; Cellini et al. 2021; Bacaro et al. 2021; Dondi et al. 2021; Lavigne-Cerván et al. 2021;
Üstündağ et al. 2022; Dutta et al. 2022; Ranjbar et al. 2021; Albrecht et al. 2022; Knowland et al.
2022; Murata et al. 2021; Chin et al. 2022; Li et al. 2022)

4.4.3.2 Autism Spectrum Disorders (ASD)

Parents reported that children with ASD experienced a significant increase in sleep
problems during the lockdown, ranging from a delayed sleep–wake schedule
(55–70%), difficulty falling asleep (35%), bedtime anxiety, (23%), night-
awakenings, daytime sleepiness (14%) to parasomnias like sleep terrors (5%)
(Bruni et al. 2022b). An intolerability to adapt to the abrupt change in lifestyle
measures, social restrictions, and a lack of access to behavioral intervention therapies
were the main reasons behind this. Sleep issues demonstrated a direct correlation
with ASD severity score during home confinement: the more sleep disturbances, the
more severe the core symptoms of ASD (Mutluer et al. 2020; Türkoğlu et al. 2020).
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4.4.3.3 Cerebral Palsy (CP)

Sleep difficulties were reported by 20–25% of parents of children with CP, roughly
comparable to the pre-pandemic period. An older age, a severe CP phenotype, and
the existence of additional comorbidities like epilepsy, visual impairment, hearing
deficit, and intellectual disability are common risk factors for sleep problems, both
before as well as during the pandemic.

4.4.4 Metrics for Sleep Evaluation in Children
and Adolescents

The measures used to assess sleep parameters varied across studies from validated
online available sleep questionnaires/scales and their modified versions to self-made
questionnaires developed by the authors, resulting in a quite heterogenous set of
data. Sleep Disturbance Scale for Children, SDSC (Bruni et al. 2022a; Wearick-
Silva et al. 2022; Cellini et al. 2021; Dondi et al. 2021); Children’s Sleep Habit
Questionnaire, CSHQ (Liu et al. 2021) and Brief Infant Sleep Questionnaire, BISQ
(Markovic et al. 2021; Wearick-Silva et al. 2022) were the most commonly used
measures for evaluating sleep characteristics of infants and young children. On the
other hand, the sleep profile of adolescents was frequently analyzed using Pittsburgh
Sleep Quality Index, PQSI (Wearick-Silva et al. 2022; Windiani et al. 2021; Genta
et al. 2021; Zhou et al. 2020) followed by SDSC (Bruni et al. 2021; Fidanci et al.
2020) and Epworth Sleepiness Scale, ESS (Dutta et al. 2022; Genta et al. 2021;
Wearick-Silva et al. 2022). While some authors used the total scores as a barometer
of interrupted sleep, others only looked at specific items of scales or questionnaires.
Irrespective of the scales used, the majority of the studies on sleep research pointed
towards a rising prevalence of sleep problems with worsening sleep quality, variable
sleep duration, and delayed sleep–wake patterns across all ages during the pandemic
than before.

4.5 Prevalence of Primary Sleep Disorders in Children
and Adolescents Amid the COVID-19 Pandemic

Due to the COVID-19 pandemic, children and adolescents were suddenly
confronted with major lifestyle changes such as home confinement, online lessons,
and altered daily routines. Besides the circadian rhythm abnormalities (as discussed
in previous sections), the prevalence of primary sleep disorders also showed an
uphill trend, as per some researchers. Contrary to the adolescents, who faced the
most significant delayed sleep–wake phase schedule amid the outbreak, younger



ones suffered from the worse hits of nightmares, sleepwalking, and sleep terrors
(Bruni et al. 2022a; Dondi et al. 2021).
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1-3 years
Sleep walking, 4% vs. 7%
Sleep terrrors, 4% vs. 6.7%

Nightmares, 1.85% vs. 4.4%

6-12 years
Nightmares

7.1% vs. 16.1%

4-5 years
Sleep terrors, 2.1% vs 4.5%
Nightmares , 8.5 % vs. 20.5%

Circadian

rhythm

sleep-wake

% - pre-pandemic

%- during pandemic

Fig. 4.4 A pictorial representation depicting the prevalence of primary sleep disorders in younger
children, pre vs. during the COVID-19 pandemic (Bruni et al. 2022a)

Children and adolescents with preexisting narcolepsy type 1 took more frequent
naps and slept more during day hours, although the duration of daytime naps did not
differ from the pre-lockdown period. The majority of children experiencing diffi-
culty in initiating/maintaining sleep (34–70%) and sleep–wake transition disorders
(18%) are aged between 4 and 12 years (Wearick-Silva et al. 2022).

Parents also perceived poor oral hygiene during home confinement to be a risk
factor for sleep-related breathing disorders, sleep–wake transition disorders, and
excessive sleepiness (Baptista et al. 2021). The fact that dental problems might
interfere with sleep patterns can help to explain this novel observation partly, but
further research is necessary to validate this.

The escalating prevalence of obesity, driven by sedentary lifestyles and altered
eating habits due to the pandemic, heightened the risk for obstructive sleep apnoea
too (Fig. 4.4).
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4.6 Impact of Acute SARS-CoV-2 Infection
and Long-COVID on Sleep in Children and Adolescents

The prevalence of sleep disturbances was highest (52%) among acute SARS-CoV-2
virus-infected patients, including both children and adults. The core symptoms of the
viral illness, such as cough, fever, respiratory distress, myalgia, and side effects of
medications, which all contribute to disrupted sleep, could provide a compelling
explanation for this (Jahrami et al. 2022).

Although severe COVID-19 disease is less frequent in children, long-COVID is a
known but poorly characterized long-term complication of it. Long-COVID, as
defined by the National Institute for Health and Care Excellence (NICE) guideline
(2022), encompasses both ongoing symptomatic COVID-19 (from 1 month to
3 months) and post-COVID-19 syndrome (3 months onwards) (Clements et al.
2021). The prevalence of long-COVID in children and adolescents was estimated
to be around 25%. Sleep difficulties were noted in approximately 8% of them,
ranking third among clinical manifestations after mood changes (16%) and fatigue
(10%). Poor sleep quality, insomnia, and hypersomnia were the most frequent sleep
issues reported by caregivers of those children (Lopez-Leon et al. 2022). However,
there is considerable overlap between long-COVID and pandemic-driven symptoms.
The majority of children who did even not contract the SARS-CoV-2 virus also
reported fatigue, headache, disturbed sleep, and concentration difficulties amid the
pandemic, making it a challenging task for researchers to determine the true estimate
of long COVID-19 (Zimmermann et al. 2022).

4.7 Epidemiological Characteristics of Sleep Difficulties
in Children and Adolescents

• Age: The spectrum of sleep disruptions varied widely between preschoolers and
school-going children/adolescents due to different risk factors. Maladaptive sleep
patterns with a delayed sleep–wake schedule and poor sleep quality prevailed
across all age groups. Additionally, parasomnias, trouble falling asleep and
staying asleep, and bedtime anxiety were more common in younger kids (Bruni
et al. 2022a).

• Sex: Female sex carried a higher risk for insomnia in the adolescent age group.
Considerable gender differences were noted concerning overall sleep distur-
bances, sleep quality, and global PQSI scores, with girls being more affected
than boys in a regional population. Although these can be partly supported by
hormonal influences, higher anxiety and screen use in girls, it would be imprudent
at this point to extrapolate this finding to an entire pediatric population. In
contrast to this, no age or gender difference moderated the prevalence of sleep
issues among adults (Jahrami et al. 2022; Abid et al. 2021).
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Fig. 4.5 Epidemiology of sleep issues in children and adolescents during the COVID-19
pandemic (Bruni et al. 2022a; Jahrami et al. 2022; Abid et al. 2021; Bucak et al. 2021)

• Country-wise variation: A significant difference was observed across the globe,
with the magnitude of sleep disturbances varying from 30% in China and India to
60% in Spain (Jahrami et al. 2022). Community viral transmission, local con-
tainment measures, type of media usage, and prevailing mental health symptoms
could be contributing to this cross-country discrepancy.

• Lockdown vs. non-lockdown period: Lockdown period witnessed a higher fre-
quency of sleep problems in children and adults, relative to the non-lockdown
period (43% vs. 38%) (Jahrami et al. 2022).

• Children of frontline workers: School-age children of parents, who work in
healthcare sectors, were more adversely affected by disrupted sleep patterns
than children of non-healthcare staff. The fear of their family members actively
contracting the deadly virus owing to heightened risk could be the cause of this
(Bucak et al. 2021).

• Other factors: Researchers found a 10% rise in the frequency of sleep distur-
bances in children and adults in studies published in 2021 vs. 2020 (Jahrami et al.
2022) (Fig. 4.5).

4.8 Risk Factors and Predictors for Sleep Issues Due
to the COVID-19 Pandemic and Its Psychopathological
Basis in Children and Adolescents

A multitude of variables such as host (child) and paternal and environmental factors
adversely modulated the sleeping habits of children and youth during these unprec-
edented times. Refer to Fig. 4.6 for various risk factors contributing to poor sleep due
to the COVID-19 pandemic, few of them are discussed in the text in detail.
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Fig. 4.6 Risk factors and predictors for sleep issues in children and adolescents during the COVID-
19 pandemic

4.8.1 Environmental Factors

Social limitations and lockdown measures implemented to contain the viral trans-
mission reduced 24-h movement behaviors and provided ample opportunities for a
sedentary lifestyle pattern, both of which independently and negatively impacted
sleep hygiene to a large extent. School-going children and youth (5–17 years) barely
met the recommended guideline of 1 h of moderately intense physical activity and
nearly half spent more than 2 h/day of recommended recreational screen time, even
before lockdown (Roman-Viñas et al. 2016; Fakhouri et al. 2013). A further three- to
fourfold reduction in physical activity (12.7–3.6%) coupled with a substantial rise of
20–66% in leisure screen time was observed since the onset of the pandemic (Moore
et al. 2020; Rhodes et al. 2019). Children aged 5–13 years were engaged five times
more in sitting related to recreational activities (>8 h/day) than they did for online
classes. Preschoolers with enough space for play at home and living in rural regions
however faced an attenuated effect of pandemic sequelae (Aguilar-Farias et al.
2021).

Home confinement (>65 days), lifestyle change, circadian misalignment with
evening-ness chronotype, diminished sunlight exposure and COVID-19-related
stress and anxiety were found to be bidirectionally linked to sleep disturbances
during the ongoing COVID-19 health crisis (Salehinejad et al. 2022). The
COVID-19 pandemic indeed disrupted the entire socio-ecological model related to



behavior change at every level (individual, inter-individual, and environment),
leading to negative health consequences (Bates et al. 2020).
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4.8.2 Parent Factors

Parental well-being modulated the severity of child’s mental health issues, largely
through sleep. Pandemic-driven cumulative stress and anxiety in caregivers led to
harsh parenting attitudes, contributing to maladaptive sleep patterns and behavioral
issues in children (Wang et al. 2021). Maternal factors such as depression (moderate
or severe), anxiety, and insomnia also negatively influenced sleep quality and
duration in infants and preschoolers (Liu et al. 2021; Schultz et al. 2020). Children
of frontline workers suffered from greater interruptions in sleep than kids of the
general public (Bucak et al. 2021). Healthcare professionals experienced significant
psychological distress (anxiety, depression, stress) due to the inevitable health crisis,
which in turn affected their own and their children’s sleep quality as well (Alimoradi
et al. 2021). Parents who worked from home during the pandemic had the greatest
gains in sleep duration with a later wake-up time. Children’s sleep duration, espe-
cially those of preschoolers and primary school students, mirrored that of parents
(Aishworiya et al. 2021).

4.8.3 Child Factors and Psychopathological Basis of Sleep
Issues

Mood disturbances (loneliness, sadness, worry) in children and youth showed a
positive correlation with difficulty falling and staying asleep at night (Dondi et al.
2021). Teenagers with preexisting psychiatric disorders (depression, anxiety), being
more prone to COVID-19-related stress and fear, were particularly vulnerable to
sleep issues during the pandemic (Becker and Gregory 2020). Irregular sleeping
patterns confounded or even aggravated psychological distress symptoms in them
and vice-versa. Pre-pandemic shorter sleep duration posed a higher risk for depres-
sive symptoms among adolescents during the pandemic, with the reverse also being
true (Liao et al. 2021; Panda et al. 2021).

Children with later chronotypes demonstrated a higher likelihood of mood
disruptions, both before and during the pandemic (Wirz-Justice 2003). Sleep issues
too worsened in children with developmental disabilities (ASD, ADHD) during
stressful situations due to a complex interplay of various risk factors: circadian
misalignment, medication use, and comorbidities (Dondi et al. 2021). Over the
course of the pandemic, children displayed more negative coping emotional expres-
sions (crying, screaming, blaming others) than before. The reciprocal



interdependency between sleep patterns and coping mechanisms (adaptive behavior)
however persisted in the midst of the pandemic (Lokhandwala et al. 2021).
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Even in otherwise healthy children, chronic sleep issues led to poor attention span
and oppositional defiant traits, that resembled ADHD symptoms.

Female gender, urban residency, university students, social media usage, pres-
ence of comorbidities, and daytime naps were independent predictors of insomnia
during the outbreak (Al Mamun et al. 2022).

4.9 Diagnostic Approach and Recommendations
for Pediatric Sleep Issues During the COVID-19
Pandemic

As sleep traverses across all disciplines, all general pediatricians and any
superspecialist should be well-versed in common pediatric sleep issues. Aiding
children in attaining quality sleep with the restoration of child and family well-
being should be the universal goal in the wake of this pandemic. A meticulous
clinical history followed by a comprehensive physical examination, while simulta-
neously assessing the risk factors should be the key strategy for dealing with any
sleep concern. Nevertheless, it should be noted that any child who requires a
psychologist or psychiatric consult needs a formal sleep assessment too (Fig. 4.7).

The underpinning for managing sleep disorders entails a structured approach
centered on optimizing sleep hygiene, treating specific COVID-19-related sleep
issues, excluding confounders, and treating modifiable risk factors while
implementing telemedicine services for the delivery of care (Fig. 4.8).

Sleep hygiene, encompassing both bedroom environment and daily routines, lays
the foundation for regular, uninterrupted sleep, regardless of a pandemic crisis. The
fundamentals of ideal sleep hygiene commence with a relaxing bedtime routine,
stable sleep–wake schedule, conducive bedroom environment, and healthy day-to-
day activities. A consistent bedtime and wake-up time, morning sunshine exposure,
daytime physical activity, and scheduled meal times are crucial for entraining the
circadian rhythm through the presence of social time cues. These practices can be
tailored to every child’s need, enabling them to develop productive habits for
pleasant overnight sleep and waking up feeling refreshed (Ophoff et al. 2018;
Crew et al. 2020) (Table 4.2).

The primary goals for addressing COVID-1-related sleep concerns should be
directed towards eliminating the risk factors causing sleep disruption (screen time at
night, sedentary habits, naps), promoting activities that build sleep needs (daily
exercise, outdoor recreational activities), while adopting regular sleep–wake cycle at
the forefront. Owing to school closings, altered routine activities, and working from
home, families might have to renegotiate their sleep routines. While setting thera-
peutic targets, one has to be more pragmatic and flexible in light of this pandemic.
Nightmares can be sensibly managed by addressing the triggers, utilizing relaxation



techniques (deep breathing, mindfulness meditation, progressive muscle relaxation),
and modifying the sleeping environment. Concerns regarding excessive daytime
sleepiness can be tackled by regularizing sleep routines and implementing scheduled
naps. Pediatricians, child neurologists, and psychologists should assist children as
they confront their unpleasant thoughts (anxiety, fear of contagion, and death) and
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1. Detailed history of sleep complaints(child/caregiver interview):

Sleep-wake patterns (bedtime, rise time, arousals, sleep onset 

latency), ability to wake up refreshed in the morning, naps 

(duration and timing), etc.

Snoring, apnoea, limb movements for additional    primary  

sleep disorders 

2. Focussed physical examination:

Body mass index (BMI), craniofacial anomalies, and oral/nasopharyngeal 

examination

3. Assessment of risk factors:

Screen time, sedentary lifestyle, mental health issues, harsh parenting 

practices, COVID-19 fear/anxiety, etc

4. Screening:

Neurodevelopmental disorders (ASD, ADHD, CP)

Psychiatric disorders (anxiety, depression, mood disorder)

Difficulty 
falling 
sleep

Difficulty 
staying 
asleep

Poor 
sleep 

routine 

Excessive 
daytime 

sleepiness

Medical comorbidities (e.g.: obesity, asthma)

5. Family history of sleep issues and stressors
6. Sleep logs, graphic sleep diaries, self -report sleep questionnaires (CHSQ, 

SDSC, etc.)

Fig. 4.7 Diagnostic approach to COVID-19-related pediatric sleep complaints in children and
adolescents (Moturi and Avis 2010)



deviate from the ought’s of sleep while focusing on principal behaviors which they
can control (Crew et al. 2020; DelRosso et al. 2021).
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Promoting 
sleep hygiene

Treating 
modifiable 
risk factors

Telehealth

Managing
COVID-19 

related sleep 
issues

Fig. 4.8 Essential elements of management strategy for COVID-19-related sleep issues in children
and adolescents

The recommended first-line treatment approach for pandemic-triggered insomnia
symptoms should focus on adopting conventional cognitive/behavioral interventions
and environmental control measures rather than using sleeping pills. Cognitive
behavioral therapy for adolescents, delivered either through physical or teleconsults,
aims towards lowering arousal and bedtime anxiety by applying cognitive strategies
(alleviating bedtime negative thoughts, enhancing positive thinking, maintaining
worry journal), encouraging behavioral changes (sleep restriction, stimulus control),
and relaxation exercises. However, in younger children, parent-guided behavioral
modifications through the use of extinction, positive routines, faded bedtime, and
scheduled awakenings should be the primary treatment modality. To date, no
FDA-approved medications are available for insomnia in the paediatric population.
Recent years have seen an upsurge in melatonin usage for off-label indications,
notably in children with NDDs. It reduces sleep onset latency and prolongs total
sleep duration with minimal addictive potential. Whether short-term use of melato-
nin, in adjunct to behavioral approaches, can temporarily ameliorate the sleep
difficulties imposed by the ongoing health crisis is difficult to discern at this juncture.
A consultation with a sleep specialist in advance to explore the risk-benefit ratio and
dosing information is advisable in this context (Moturi and Avis 2010; Crew et al.
2020; DelRosso et al. 2021).



2018)

(continued)
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Table 4.2 Optimization of sleep hygiene and habits during the COVID-19 pandemic (Ophoff et al.

Set bedtime routine

Go to bed and wake up at the same time on weekdays and
weekends

Daily exposure to sunlight in the morning

Daily exercise

Bedroom conducive to sleep
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Table 4.2 (continued)

Bed reserved for sleeping only

Food hygiene

Interventions should also focus on strengthening the parent–child bond as well as
helping parents establish sustainable and healthy sleep schedules, which may have
an impact on their children’s sleep quality (Crew et al. 2020). While establishing
healthy standards for balancing sleep alongside recreation and social activities,
parents should be compassionate towards teenagers.

Overall, managing sleep difficulties during the pandemic should adhere to the
pre-pandemic guidelines with a greater emphasis on mitigating the environmental
and psychosocial risk factors that contribute to insufficient sleep.

4.10 Role of Telehealth in Sleep Medicine Practice

Social restrictions imposed by the pandemic jeopardized sleep medicine practices by
hindering outpatient physical visits and in-patient sleep studies. During this critical
transition, telemedicine opened a newer horizon for the delivery of care, bridging the
treatment gap. Guidelines for incorporating teleconsultations into sleep medicine
have been proposed by various national and international sleep research societies.
There is a slight variation in the recommendations for initial and follow-up
teleconsults, primarily regarding the mode of teleconsultation and prescribing med-
ications. Teleconsultation can be delivered either synchronously, wherein the patient
consults the physician in real time via audio–video platforms (Skype, WhatsApp,
Zoom), or asynchronously, wherein the patient communicates information through
email, SMS, and the physician responds at his convenience. A family member or
caregiver’s presence is essential during a teleconsultation as children suffering from
parasomnias or apnoea may not be aware of their sleep-related difficulties. Most



sleep issues pertaining to the COVID-19 pandemic, in particular circadian rhythm
disorders and insomnia, can be initially assessed and effectively managed using
virtual platforms as the physical examination may add little extra benefit, and sleep
studies in these clinical situations are not warranted. Continuity of care can also be
provided to some extent to children with chronic sleep disorders requiring frequent
visits, such as those on prescription medications or positive airway pressure (PAP)
for OSA. Results of teleservices have been reported to be quite promising and at par
with face-to-face consults in the field of cognitive behavior therapy for insomnia and
telemonitoring of PAP devices. However, quite a few downsides to telemedi-
cine exist, especially when it comes to performing sleep studies and initiating
treatment for OSA (Paruthi 2020; Gupta et al. 2020) (Fig. 4.9).
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Televisits

Initial
New consult or consulted same 

specilaist at least 6 months prior. 
Video consults only

Follow-up
Conuslted same specilaist withint 6 
months of 1st consult. Any mode of 

consult.

Mode 

Synchronous
Audio-video (zoom, skype, whatsapp) 

or audio (mobile) platfoirms

Asynchronous
Email, SMS

Data 

Qualitative
Clinical symptoms, ADL, QOL

Semi-quantitative
Sleep questionairres, sleep diaries

Quantitatve
Actigraphy, portable PSG

Uses

Cognitive behavior therapy for insomnia

Telemonitoring of PAP devices

Fig. 4.9 Role of teleservices in sleep medicine practice (Paruthi 2020; Gupta et al. 2020).
ADL-activities of daily, QOL-quality of life, PSG- polysomnography
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4.11 Consequences of Altered Sleep Patterns Due
to the COVID-19 Pandemic on Neurodevelopmental
Trajectory

Poor sleep often bears a detrimental impact on a child’s physical, emotional, and
cognitive development. This holds true even for the sleep disruptions spurred by the
COVID-19 pandemic. Neurocognitive dysfunction and psychological impairments
are most often the repercussions of this. A growing body of evidence supports a
significant reciprocal relationship between the perplexing rise in mental health
concerns and pandemic-driven sleep disturbances. Children frequently exhibit mal-
adaptive behavioral, cognitive, socio-emotional generation, and regulatory processes
leading to inattention, hyperactivity, mood swings, anxiety, excessive daytime
sleepiness, and learning difficulties. Additionally, as a coping mechanism, adoles-
cents frequently engage in risky behavior such as substance abuse (drugs, alcohol,
nicotine), which places them even at a higher risk for road traffic accidents. There-
fore, timely identification of sleep problems is imperative for maintaining a healthy
mind and body (Ophoff et al. 2018; Spruyt 2019) (Fig. 4.10).

4.12 Transition to the Post-pandemic Era

Since the COVID-19 pandemic was declared, two and a half years have passed.
While adjusting to a new normal life brought on by the lockdown and social
restrictions, a sizeable proportion of children and adolescents struggled with sleep
issues, which in turn jeopardized their daily functioning and also evoked behavioral/
cognitive concerns. As the pandemic continues to evolve and normalcy sets in with
the curtailment of social distancing measures, implementation of vaccination, and
reopening of schools and offices; the long-term consequences of this pandemic on

Health
Fatigue

Somnolence

Headache

Poor motor
learning skills

Impaired quality of
life

Cognition
Executive 

dysfunction

Poor reasoning

Poor problem
solving abilities

Learning disabilities

Behaviour
Inattention 

Hyperactivity

Irritability

Aggression

Poor adaptive skills 

Psychiatric
Depression

Anxiety

Suicidal ideation

Post traumatic
stress disorder

Consequences of sleep problems due to COVID-19 pandemic on general health and 
neurodevelopment in children and adolescents

Fig. 4.10 Consequences of sleep problems due to the COVID-19 pandemic on general health and
neurodevelopment in children and adolescents (Ophoff et al. 2018; Spruyt 2019)
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the sleep patterns and habits of children are yet to be determined. This bears pivotal
implications for research and practice in the future. In this context, addressing the
research question “Will a subset of children and youth still continue to endure long-
term sleep disturbances emerging out of the pandemic?” is a pressing need of the
moment. Despite great uncertainty about the near future, our main goal should be to
help kids and teenagers attain good sleep health by fostering their innate resilience
and helping them acclimatize to the post-pandemic world.
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Salient Points
• The COVID-19 pandemic witnessed an alarming rise in sleep disturbances

among children and adolescents, nearly doubling from pre-pandemic times.
• The majority experienced a circadian phase delay (late bedtime and wake-

up times), poor sleep quality, variable sleep duration, and insomnia symp-
toms. The pandemic-driven circadian shift, on the contrary, helped some
teenagers overcome their social jet lag.

• Social distancing and lockdown-induced remote learning, lack of recrea-
tional activities, sedentary habits, and mental health issues were the major
contributors to sleep disruptions.

• Against the backdrop of this pandemic, children and adolescents seeking
psychologists for their behavioral and psychiatric concerns must go through
a formal sleep assessment as part of their comprehensive evaluation.

• Management should primarily focus on optimizing sleep hygiene and
addressing the environmental and psychosocial risk factors contributing
to insufficient sleep.
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Chapter 5
Sleep Disturbances Among Healthcare
Workers During the COVID-19 Pandemic

Nikolaos Sakkas and Sofia Pappa

Abstract The COVID-19 pandemic has had a significant impact on the sleep of
healthcare workers (HCWs), with an estimated 40% experiencing some form of
sleep disturbance during this time. A growing number of studies on the topic implies
a need to synthesize the best available evidence and gain a better understanding of
the epidemiology, etiology, impact, and management of sleep problems in this
population. Female gender, frontline status, COVID-19 infection, lockdown, poor
mental health, low level of social support, stigmatization, high workload, and a high-
risk work environment have been associated with an elevated rate of sleep dysfunc-
tion during COVID-19 and identified as common risk factors among HCWs. Poten-
tial mechanisms underlying this phenomenon have also been suggested, and these
include a disproportionate risk of SaRS-COV-2 transmission and infection, a change
in sleep habits, and a substantial rate of comorbid psychological distress. Finally, the
consequences of sleeplessness in this group have been felt on a personal, socioeco-
nomic, and institutional level. As such, there is a need to mitigate risk and prevent
harm among HCWs using effective measures, such as extensive screening and
personal and professional support.

Keywords Healthcare workers · COVID-19 · Pandemic · Sleep · Insomnia

5.1 Introduction

In December 2019, the world witnessed the emergence of a novel SARS-CoV-2
virus, in Wuhan, China. Its implications, societal and economic, were swift and
onerous. Placed at the core of the outbreak, healthcare workers (HCWs) found
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themselves in a particularly vulnerable position. Unforeseen and unprecedented
work pressures and conditions meant that they were exposed to an increased risk
of psychological distress and sleep dysfunction (Pappa et al. 2022a).
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In this chapter, we aim to summarize the extent and impact of sleep disturbances
in HCWs during the COVID-19 pandemic. We also explore potential risk factors
and mechanisms involved in the development of poor sleep in HCWs, as well as
ways to prevent and manage its onset.

HCWs have been broadly defined as anyone working in primary, secondary, or
tertiary care, including healthcare students undertaking a clinical placement during
the COVID-19 pandemic. Sleep dysfunction pertains to a change in the quantity and
quality of sleep. It typically manifests in one of three ways: insufficient quantity/
quality of sleep (sleep deprivation), sleep fragmentation, and events that occur
during sleep (e.g., sleep apnoea) (Medic et al. 2017). This includes insomnia,
which is defined as “experiencing persistent trouble falling asleep, staying asleep,
or having quality, restful sleep despite having the appropriate circumstances and
opportunity to do so along with a noticeable level of detriment to one’s life” (Roth
2007).

Poor sleep quality and insomnia account for a large majority of sleep dysfunction
in HCWs, both in the literature and in practice; hence, the terms insomnia, sleep
dysfunction, sleep problem, and sleep disturbance will be used interchangeably in
this text unless otherwise specified. That said, an attempt has been made to also
include other, less common sleep conditions.

5.2 Epidemiology

5.2.1 Prevalence During the COVID-19 Pandemic

It is well known that HCWs are susceptible to sleep disturbances more than the
general population. The nature of their job predisposes them to a range of harmful
factors at sociodemographic and organizational levels (Pappa et al. 2022a). In
normal times, an estimated prevalence between 20% and 30% has been suggested
(Booker et al. 2018), though figures as high as 40% have been recorded in the
literature (Weaver et al. 2018).

Additional stressors experienced during an outbreak place them at an even higher
risk of developing sleep-related problems, and indeed, during the COVID-19 pan-
demic, the rate of insomnia and other sleep disorders among HCWs increased
significantly. Several studies and systematic reviews have reported on its prevalence,
and, despite a degree of variation, reports of disturbed sleep were consistently high:
in five different systematic reviews with meta-analysis, pooled prevalence rates for
sleep problems in HCWs ranged from 36% (Dutta et al. 2021), 39% (Pappa et al.
2020), 42% (Jahrami et al. 2022), 44% (de Pablo et al. 2020), and 45% (Mahmud
et al. 2021). Meta-epidemiological data support these findings; a quality umbrella
review of ten meta-analyses estimated a pooled insomnia prevalence rate of 36.6% in



HCWs during COVID-19 (Sahebi et al. 2021). Another recent review of 26 meta-
analyses, and arguably the most comprehensive evidence to date, reported a rate of
39.4% (Dragioti et al. 2022). This included a range of 23.1%–64.3%, and a 95% CI
of 36.9–42.0% across all studies, suggesting that around four in ten HCWs experi-
enced a degree of sleep dysfunction during the pandemic.
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Evidence from previous pandemics and epidemics also demonstrated high rates
of sleep dysfunction and psychological distress in HCWs; the aggregate prevalence
rate for sleeping difficulties and insomnia across Swine Flu, MERS, SARS, H1N1,
Ebola, and SARS-Cov-2 was reported at approximately 40%, which is comparable
to SARS-Cov-2 alone (Busch et al. 2021).

Sleep-related difficulties experienced by HCWs during COVID-19 include diffi-
culty falling asleep at night, waking up in the early hours, and using sedative
medication regularly, among others (Pappa et al. 2020). There is limited insight
into the prevalence of specific sleep conditions in this population, with most studies
using established outcome measures to define and quantify sleep disturbance. In this
vein, the most frequently reported sleep concern was diminished sleep quality and
quantity, with many HCWs meeting clinical diagnostic scores for insomnia (Jahrami
et al. 2022).

5.2.2 Prevalence After the COVID-19 Pandemic

It is unclear if this surge in sleep dysfunction has been sustained post-COVID. While
point prevalence rates may have dropped, a complete return to pre-COVID levels
seems unlikely. In fact, given the prognosis and trajectory of sleep disorders, it is
reasonable to assume that a percentage of HCWs are still affected in the aftermath of
the pandemic, and there is some evidence to support this. The reported prevalence of
sleep disturbances in publications in 2021 (47.1%) appeared to be higher than in
2020 (36.2%), which may suggest that the pandemic is having an ongoing negative
impact on sleep (Jahrami et al. 2022). The emergence and spread of new COVID
variants have led to “pandemic fatigue,” while successive lockdowns and a rising
infection load increase the risk of developing long-lasting sleep dysfunction (Hassan
and Mahmoud 2021; Reicher and Drury 2021). Longitudinal studies have demon-
strated a worsening of sleep outcomes over observational waves (Mahmud et al.
2021).

What is more, HCWs have reported higher levels of long-COVID than the
general population, with approximately a third of those who contracted COVID-19
during the first wave still suffering from persistent symptoms 3–4 months after
(Gaber et al. 2021). Given that sleep disturbance is a common feature both
postinfection and as part of the long-COVID syndrome (Pappa et al. 2022b), this
may partly explain the persistent or worsening levels of sleep dysfunction in HCWs
following the peak of the COVID-19 pandemic (Crook et al. 2021; Katsarou et al.
2022).
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5.2.3 Prevalence by Population

Comparison to other populations reveals that HCWs are likely the third most
affected group. Patients infected with COVID-19 were the most affected group, at
a rate of 52.4% (Jahrami et al. 2022). Children and adolescents ranked second and
HCWs third, while special populations with healthcare needs and university students
demonstrated similar values. The general population was the least affected by sleep
disturbances during the pandemic, according to a comprehensive review with meta-
analysis. This included 250 papers and a total of 493,475 participants from 49 coun-
tries, though significant variation within the literature was noted (Jahrami et al.
2022).

5.2.4 Prevalence by Country

There is significant heterogeneity in the rate of sleep dysfunction by country, and a
lack of focused studies, alongside overall poor or variable study quality, makes valid
comparisons difficult. There appear to be significant differences among the general
population of different countries, with figures ranging from 27.3% (India) to 58.6%
(Spain) (Jahrami et al. 2022), though whether this applies to HCWs in a similar
pattern is unclear. A general trend observed among HCWs is that prevalence rates
from Chinese and Southeast Asian studies tend to be lower than other countries,
although this too remains somewhat speculative (Jahrami et al. 2022; Pappa et al.
2022c).

5.2.5 Prevalence by Mental Health Condition

Sleep problems in this group are more prevalent than other mental health concerns.
One review suggested that the prevalence of anxiety and depression symptoms
among hospital staff was 29.9% for anxiety and 28.4% for depression (Dragioti
et al. 2022), while another reported values of 24.9% and 24.8%, respectively (Sahebi
et al. 2021). The prevalence of insomnia and sleep problems was much higher, with
values of 39.5% and 36.4% (Sahebi et al. 2021; Dragioti et al. 2022). Dragioti also
reported a prevalence of 18.8% for post-traumatic stress disorder and 6.2% for
suicidal ideation (Dragioti et al. 2022). Acute stress appeared to be the most common
complaint during the pandemic, at 44.3%. This order is observed across a large body
of studies (Dutta et al. 2021; Pappa et al. 2020; Hu et al. 2022; Marvaldi et al. 2021;
Chirico et al. 2021; Zhang et al. 2021).
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5.2.6 Prevalence by Outcome Measure Used

How sleep disturbance is measured may influence the rate observed (Pappa et al.
2021a). Outcome measures most commonly used to assess the presence and severity
of insomnia in HCWs include the Pittsburgh Sleep Quality Index (PSQI), Insomnia
Severity Index (ISI), Athens Insomnia Scale (AIS), and researcher-developed mea-
sures (Pappa et al. 2022a). Subgroup analysis demonstrates significant heterogeneity
in the pooled prevalence rate indicated by each measure (Dragioti et al. 2022).
During COVID-19, the highest prevalence of sleep problems was obtained by
studies that used the PSQI (51.9%), followed by the AIS (47.2%) and the ISI
(31.0%). Other measures, including researcher-developed ones, yielded a rate of
35.7% (Jahrami et al. 2022). Summary estimates of sensitivity and specificity did not
seem to differ significantly among the three measures, but they did in researcher-
developed measures (Chiu et al. 2016). In practice, a sleep problem is only labeled as
such when measured with a valid and reliable psychometric test and cut-off points
have been established (Fabbri et al. 2021). One meta-analysis found that the use of
lower cut-off scores was associated with a higher prevalence of sleep disturbance in
HCWs during the pandemic (Qiu et al. 2020).

5.2.7 Prevalence by HCW Characteristics

Certain characteristics seem to affect the prevalence rate of sleep disturbance in this
group. These factors can be personal, societal, or institutional and can play a
protective or offensive role. They are discussed further in Sect. 5.3.

5.3 Etiology (Risk Factors)

5.3.1 Importance of Risk Factors

Although some factors are unmodifiable, others can be identified and then dealt with
to mitigate the risk that they entail. A basic understanding of risk and protective
factors is therefore important; it helps gauge vulnerability and enables us to stratify
mental health needs, permitting effective prevention and management.

5.3.2 General Risk Factors for Sleep Disturbance

Generally, sleep dysfunction has several known risk factors, some of which include
female gender, low socioeconomic status, suffering from physical or psychological



illnesses, and being single (LeBlanc et al. 2007). Other risk factors contributing to
sleep deprivation and disruption include:
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• Lifestyle—Excessive caffeine, alcohol and drug abuse, shift work, attending
university, and jet lag.

• Environmental—Excessive noise and light.
• Psychosocial—Presence of anxiety or stress, parenting, and caregiving

responsibilities.
• Sleep disorders—Presence of insomnia, obstructive sleep apnoea, narcolepsy,

and circadian rhythm disorders.
• Medical conditions—Medication side effects, comorbid lung disease, kidney

disease, diabetes, and psychiatric disorders (Medic et al. 2017).

5.3.3 Risk Factors Identified During COVID-19

In previous pandemics, being an HCW has proven to be a leading risk factor for the
occurrence of diminished sleep, and SARS, H1N1, Ebola, and MERS have all
induced worse mental health outcomes among frontline healthcare workers (Busch
et al. 2021). Likewise, emerging research during COVID-19 has identified various
individual factors with the potential to influence the onset of sleep problems in this
population. These can be sorted into three different levels: personal, societal, and
organizational (Pappa et al. 2022a; Centers for Disease Control and Prevention
2015). There is less insight into the latter two themes, with most empirical data
focusing on personal factors.

5.3.4 Strength of Risk Factors

Despite the publication of numerous trials, the quality of evidence remains variable.
There is conflicting evidence for some factors, and lacking evidence for others. In
larger studies, no single risk factor managed to reach statistical significance when
meta-regression was performed, and study heterogeneity acts as a confounding
factor in many pooled estimates (Sahebi et al. 2021; Dragioti et al. 2022; Chirico
et al. 2021). Thus, while associations have been reported, causality cannot be
assumed, and the link between sleep dysfunction and various demographic param-
eters remains ambiguous.

However, the combined effect of multiple weak risk factors could be clinically
significant, and interactions between individual factors could further increase risk.
Furthermore, there is varying consensus on the significance of each factor, and some
appear to be stronger than others. The weight of each factor has been marked
accordingly, and factors that are stronger (but not necessarily statistically significant)
have been signposted with an (S).
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5.3.5 Personal (Sociodemographic) Factors

Personal factors attributed to differences in the rate of sleep dysfunction in HCWs
during COVID-19 include:

• Profession (S)—Nurses experienced higher rates of sleep dysfunction than doc-
tors, and this may be due to differing responsibilities, health care tasks, and
working hours between the two groups (Dragioti et al. 2022).

• Sex (S)—Female hospital staff experienced higher rates of sleep dysfunction than
male hospital staff (Dragioti et al. 2022; Al Maqbali et al. 2021). Potential reasons
for this difference include the fact that women are more likely to report psycho-
logical problems, as well as underlying brain structural differences across sexes,
and a clear gender dimorphism in conditions such as insomnia (Bangasser and
Valentino 2014; Power et al. 2022).

• Frontline Status (S)—Frontline hospital staff experienced higher rates than
second-line hospital staff or nonclinical staff (Dragioti et al. 2022; Zhou et al.
2020). Potential reasons include increased workplace stress, extended work
hours, and higher infection rates in those caring for COVID-19 patients directly
(Power et al. 2022).

• Lockdown Status (S)—The prevalence of sleep disorders was greater in lock-
down than in no lockdown for all populations, including HCWs (Jahrami et al.
2022). This may be explained partly via reports of loneliness, social isolation, and
changes in sleep habits during the lockdown, all of which are known to affect
mental health and sleep function.

• Infection Status (S)—HCWs with a current or past COVID-19 infection were
more likely to report worse sleep (Jahrami et al. 2021). Sleep dysfunction is a
feature of COVID-19 infection. HCWs had increased contact with COVID-19-
positive patients (Nguyen et al. 2020) and were at an increased risk of infection
transmission during the pandemic, particularly on the frontline (Shah et al. 2020).

• Mental Health Status (S)—HCWs with a preexisting or comorbid mental health
condition experienced a greater rate of sleep dysfunction than those without
(Power et al. 2022; Alimoradi et al. 2021; Pappa et al. 2021b).

• Age—Older HCWs experienced a higher magnitude of sleep disturbances than
young HCWs (Jahrami et al. 2022).

• Geographical Distribution—HCWs residing in areas where COVID-19 was more
severe (e.g., large urban areas) may be at increased risk of developing sleep
problems (Jahrami et al. 2021). An increased rate of viral transmission here may
precipitate this.

• BMI—HCWs with a high BMI experienced shorter sleep time and lower sleep
efficiency during normal times (Brum et al. 2020). As such, obesity/overweight
may be a risk factor for insomnia development during COVID-19, although
evidence is lacking.

• Ethnicity—BAME HCWs were disproportionately affected by COVID-19 and
are shown to experience higher insomnia rates and severity compared to their
non-BAME counterparts in normal life (Ertel et al. 2011). Given the relationship
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between infection status, psychological well-being, and sleep quality, further
insight into the role of race and ethnicity in sleep dysfunction during COVID-
19 would be valuable (Pappa et al. 2022a).

• Lifestyle Changes—Changes in physical activity, smoking, alcohol consumption,
and substance use may play a role in mediating sleep among HCWs during the
COVID-19 pandemic (Pappa et al. 2020).

• Education Level—HCWs with a lower level of education experienced increased
sleep dysfunction during the pandemic (Zhang et al. 2021; Serrano-Ripoll et al.
2021).

5.3.6 Societal (Social) Factors

Social factors attributed to differences in the rate of sleep dysfunction in HCWs
during COVID-19 include:

• Social Support (S)—Reduced family and social support may increase the risk of
sleep dysfunction in HCWs (Xiao et al. 2020; Que et al. 2020).

• Stigma—Greater social stigma, e.g., regarding frontline status during COVID-19,
may be linked with an increased onset of sleep dysfunction (Xiao et al. 2020;
Taylor et al. 2020).

• Caregiving—Living with a chronically ill person during the COVID-19 pan-
demic may increase the risk of insomnia development in this group (Dosil et al.
2020).

• Media—Lack of social support in mass media and social networks may increase
the risk of sleep disturbance among HCWs (Zhang et al. 2021).

• Change—A significant change to a normal routine may be linked to negative
sleep effects in HCWs during the pandemic (Pappa et al. 2022a).

• Financial—Economic uncertainty was associated with reduced sleep duration and
quality in the general population during the pandemic, and this may apply to
HCWs too (Partinen et al. 2021).

5.3.7 Organizational (Occupational) Factors

Organizational factors attributed to differences in the rate of sleep dysfunction in
HCWs during COVID-19 include:

• Work environment (S)—Working in a high-risk environment has been linked to
an increased rate of sleep dysfunction during COVID-19 (Serrano-Ripoll et al.
2021). Underlying reasons include high pressure and workload, excessive
fatigue, direct contact with positive patients (frontline), and work in isolated
environments (i.e., isolation units) (Papoutsi et al. 2020).
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Fig. 5.1 Risk factors for sleep dysfunction in HCWs during the COVID-19 pandemic

• Work pattern (S)—HCWs are exposed to more pronounced patterns of shift
work, which has been shown to increase the risk of insomnia development during
the pandemic (Brum et al. 2020).

• Work hours (S)—Extended work hours have been shown to correlate positively
with reduced sleep quantity and quality in HCWs during COVID-19 (Power et al.
2022; Serrano-Ripoll et al. 2021).

• Infection Control Policy—Reduced satisfaction with hospital infection control
policy, fear of contracting the virus, and reduced availability of PPE may be
related to worse sleep outcomes in HCWs during the pandemic (Pappa et al.
2022a).

• Professional Support—Uncertainty about the effective management of COVID-
19, lack of availability of support services, and occupational health concerns may
prevent healthy sleep in HCWs (Pappa et al. 2022a; Moll 2014) (Fig. 5.1).

5.4 Etiology (Mechanisms Involved)

5.4.1 Why Sleep Disturbance Occurs

No one mechanism can be attributed to it as the sole cause of sleep disturbance in
HCWs, which is often multifactorial and complex. Unusual work schedules,



exposure to night shifts and other contextual work factors already place HCWs at a
raised likelihood of sleep-related concerns (Alimoradi et al. 2021). Exposure to
severe job stresses and burnout, in addition to anxiety and depression, accentuates
this risk (Pappa et al. 2021c), and a higher-than-normal rate of COVID-19 transmis-
sion and infection increases it further (Nguyen et al. 2020). In this vein, the etiology
of sleep disturbance in this group can be divided into three themes: changes in sleep-
related factors, comorbid psychological distress, and a high risk of COVID-19
infection.
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5.4.2 High Risk of SARS-CoV-2 Infection

High COVID-19 infection rates among HCWs open viral infection as a plausible
biological basis for the increased levels of sleep disturbance seen in this group
(Pataka et al. 2021). Neurological effects of the virus include cortical involvement,
cerebrovascular changes, and secondary brain effects following organ damage. Viral
infiltration of the hypothalamic/brainstem regions may adversely impact activity in
the ARAS nuclei, causing dysregulation of the sleep–wake cycle. Systemic inflam-
mation caused by the virus may increase the permeability of the blood–brain barrier,
with the entry of inflammatory markers in the brain causing further circadian
dysfunction. In the long term, post-viral neurodegeneration could play a role in
making sleep disturbances chronic. Respiratory complications may also preempt the
development of sleep-related breathing disorders in those infected with COVID-19
(Gupta and Pandi-Perumal 2021). The symptomatology of the disease is character-
ized by cough, fever, and difficulty breathing, while pain levels, medication side
effects, and disease stress factors could also contribute to a lack of quality sleep (Shi
et al. 2020). Finally, it is worth noting that COVID-19 infection and sleep dysfunc-
tion demonstrate a bidirectional relationship, and a lack of sufficient sleep can
increase susceptibility to viral transmission and infection in HCWs (Nguyen et al.
2020).

5.4.3 Changes in Sleep-Related Factors

HCWs experienced significant changes in sleep-related factors during the pandemic.
This includes changes in sleep–wake habits with delayed bedtime, lights off time,
and sleep onset time (Salehinejad et al. 2022), as well as home quarantine/confine-
ment, extensive and isolated shift work, stress/anxiety, and changes to the level of
activity during the daytime. An abrupt change to any component can precede
circadian malalignment, leading to abnormalities in the balance of neurotransmitter
release in the CNS and disrupting many physiologic, biologic, and behavioral
parameters that are responsible for normal REM and NREM sleep (Altevogt and
Colten 2006). Dysregulation of sleep-wake homeostasis is thought to affect multiple



bodily pathways and aspects of health, including our body’s immune response
(Borrmann et al. 2021). Immune parameters follow a cyclical pattern regulated by
our circadian rhythm, and disruption of the immune cycle can increase susceptibility
to viral respiratory diseases, such as SARS-Cov-2 (Salehinejad et al. 2022). In short,
changes in sleep-related factors disrupt circadian rhythm, adversely impacting sleep
and increasing the risk of COVID-19 infection in HCWs.
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5.4.4 Comorbid Psychological Distress

Sleep in this population has been a concern long before the emergence of COVID-
19, with workplace distress and physician burnout having been described as a public
health crisis (Altevogt and Colten 2006). There is a moderate association between
the two phenomena, and, despite their resilience, HCWs are vulnerable to psycho-
logical affliction and harm (Dragioti et al. 2022; Pappa et al. 2021c). Stress
responses, faced in everyday life, create an imbalance by suppressing REM sleep
and increasing NREM sleep. In the acute phase, this is followed by restorative sleep
compensation, meaning increased REM and overall sleep time. However, if stress
stimuli become repetitive/chronic, such as in the case of COVID-19, sleep restora-
tion will be reduced, and hyperactivity of the HPA axis will result in fragmented
sleep (Zhuo et al. 2020). Over time, this will excite the sympathetic catecholamine
system, raising cortisol levels and resulting in persistent insomnia and other sleep
disturbances in this group (Levenson et al. 2015).

There is a clear overlap between sleep problems and psychological distress. Other
mental health problems reported during the pandemic, such as anxiety and depres-
sion, are associated with sleep disorders, and the two behave bidirectionally (Kim
et al. 2021). Psychological distress can lead to insufficient sleep, and insufficient
sleep can further increase levels of distress. Both pose risk factors for suicidal
ideation, attempt, and completion, and suicidal ideation has been directly linked to
the severity of insomnia (Killgore et al. 2020). Systems that aim to reduce psycho-
logical distress among HCWs may help reduce sleep loss, while screening for
insomnia may also reduce the risk of suicidal ideation and other psychological
disorders (Fig. 5.2).

5.5 Impact of Sleep Dysfunction

Sleep problems are common, highly treatable conditions that often go untreated
despite their health and safety effects (Altevogt and Colten 2006). In studying
HCWs, a preexisting trend of increased sleeplessness makes it difficult to quantify
the impact of COVID-19 directly. However, it is accepted that a lack of quality sleep
at this time has been harmful at all levels, including personal, socioeconomic, and
organizational.
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Fig. 5.2 Mechanisms
involved in the development
of sleep dysfunction in
HCWs during the COVID-
19 pandemic
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5.5.1 The Personal Impact of Sleeplessness

The personal impact of sleep dysfunction among HCWs includes reduced alertness,
altered cognitive and psychomotor performance, emotional dysregulation, increased
fatigue, and a lower quality of life (Bollu and Kaur 2019). It is also associated with
increased morbidity and mortality, adversely affecting most body systems (AlDabal
and BaHammam 2011), and increasing the risk of cardiovascular disease, hyperten-
sion, T2DM, asthma, and thyroid disorders. Individuals who sleep less than 6 h per
day are thought to have a 13% higher mortality risk than those sleeping 7–9 h every
night (Cappuccio et al. 2010).

5.5.2 Socioeconomic Impact of Sleeplessness

While most HCWs only experience a mild-to-moderate disruption in sleep, this can
have a knock-on effect at a social level. Sleep deprivation can cause the overall
health of the frontline workforce to suffer, forcing a deterioration of population
health, and, in turn, an increase in healthcare spending for organizations and
individuals alike. There is a link between sleep problems and financial suffering in
the general population (Partinen et al. 2021), and this may apply to HCWs too.
Before the outbreak, it is thought that poor sleep costs the UK economy as much as
£50bn, and 200,000 working days, per year (Hafner et al. 2017). It is without a doubt
that in the face of COVID-19, this figure will have increased substantially.
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5.5.3 Organizational Impact of Sleeplessness

In an organizational context, sleeplessness can lead to decreased productivity and
increased absenteeism. Personal effects of insufficient sleep, such as reduced atten-
tion and altered cognitive processing, can preclude medical error (Medic et al. 2017),
and screening positive for a sleep disorder has been associated with a raised
incidence of adverse safety outcomes, both in the workplace and out (Weaver
et al. 2018). This makes sleeplessness a likely risk factor for occupational and
patient safety and suggests that it can affect the well-being of both the workforce
and the public. Finally, COVID-19 is fuelling a staffing crisis; it has left a self-
reported 50% of all UK HCWs in a deteriorating mental state, with up to 21% stating
they are likely to quit because of the pandemic. In England alone, this could result in
the loss of approximately 300,000 healthcare workers (Patel and Thomas 2021).
This highlights the need for institutions to take the matter seriously and act to
preserve and protect their workforce (Fig. 5.3).

5.6 Management

Preserving sleep quality and quantity in HCWs can support psychological well-
being, improve work performance, and uphold patient care. Unfortunately,
maintaining a healthy level of sleep in this population group, especially during a
pandemic, poses a huge logistical challenge. Nevertheless, prevention and interven-
tion measures should be prioritized, and considerations should be made at both an
individual and institutional level.

5.6.1 Preventing the Development of Sleep Problems

To prevent the onset of sleep dysfunction in the first place, HCWs can be grouped
according to the relative risk of developing sleep problems, considering factors at
each ecological level (World Health Organization 2022). Screening needs to be
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Fig. 5.3 Short- and long-term implications of sleep dysfunction in HCWs during the COVID-19
pandemic



implemented systematically, using a top-down approach, and the application of a
validated screening tool may help in achieving this. Appropriate tiered and tailored
measures can then be taken to try and minimize risk.
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5.6.2 Managing the Development of Sleep Problems

Although some sleep conditions are more difficult to treat, most can be routinely
managed. Early recognition is key and any subsequent intervention strategies should
be personalized, timely, and evidence-based to prevent the onset of chronic or
recalcitrant sleep dysfunction in HCWs. Practical and easy-to-implement strategies
identified during the COVID-19 pandemic include:

1. Personal—Expressing stress and concerns to family, practicing sleep hygiene,
effective sleep schedules, regular daytime exercise, mindfulness, chronotherapy,
relaxation techniques, and yoga. Following a stepwise approach, pharmacologi-
cal interventions can also be trialed (Altena et al. 2020).

2. Societal—Mitigating the risk of COVID-19 transmission, reducing stigma, and
discouraging negative media coverage relating to HCWs. Public authorities may
also wish to support health professionals in delivering sleep-related help, encour-
age employers to address sleep issues, and adjust public policy to support flexible
and healthy shift working (Geoffroy et al. 2020).

3. Institutional—Administrative support, workplace napping, safe workplace con-
ditions, removal of clinical care barriers, and provision of PPE to reduce fear of
COVID-19. According to the World Health Organisation, a reduction of work-
place distress is also necessary and includes decreasing work hours, increasing
workforce numbers, and training managers and workers alike in mental health
literacy and awareness (World Health Organization 2022). Easy access to mental
health services is equally important; counseling, CBT for insomnia, and mind-
fulness must be considered for HCWs and can be delivered in-person, via a
dedicated hotline or smartphone application (Geoffroy et al. 2020). Above all,
employers need to understand the importance of sleep, the effect of sleeplessness
on service delivery, and their role in preserving it (Blake et al. 2020; Redeker
et al. 2019).

5.6.3 Managing the Development of Psychological Distress

The close link between psychological distress and sleep disturbance suggests
healthcare providers could assess and treat both issues simultaneously (Alimoradi
et al. 2021). As such, a formal sleep evaluation should form an integral part of any
mental health assessment, and vice versa.
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5.6.4 Sleep in a Post-COVID World

Real-world change is needed urgently to protect HCWs, both in future crises but also
in their present recovery from the effects of the pandemic. Sleep dysfunction in
HCWs must be acknowledged as a public health crisis and sleep quality in this group
must be prioritized and addressed on a global scale.
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Chapter 6
Sleep Disturbances Among Patients
with COVID-19 Infection

Suhaila Ghuloum, Sulaiman Alshakhs, and Hassen Al-Amin

Abstract The COVID-19 pandemic had global implications for people’s physical
and mental health. Sleep is one of the determinants of health and well-being and
sleep disturbance and mental illness are closely correlated. The COVID-19 infection,
as well as the restrictions associated with the control of its spread, have resulted in a
higher prevalence of sleep disturbances and mental health conditions, specifically
anxiety and depression. Some evidence links the severity of the infection with the
onset and severity of sleep disturbance. Preventive measures, early recognition, and
management contribute to a better prognosis in those infected with the virus. This
chapter explores the impact of the pandemic on sleep patterns, quality, and duration.
We analyze the literature evidence for a correlation between infection and sleep
disturbance and the theories behind that. We allude briefly to other sleep disorders
that will be addressed in more depth in other chapters. This chapter ends with a
description of key management considerations, pharmacological and
non-pharmacological.

Keywords Sleep · COVID-19 · Insomnia · Sleep quality · Somnolence

6.1 Introduction

Sleep plays an essential role in promoting health, regeneration, and
immunomodulation. Normal sleep strengthens the synaptic connections in neurons,
maintaining brain functions like memory consolidation and learning (Tononi and
Cirelli 2014). Sleep duration, timing, and quality are essential in these roles (Czeisler
2015). Sleep disturbances, on the other hand, are both a precipitating factor for
mental illness and a symptom. It is associated with anxiety, depression, and dementia
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and is a risk factor for suicide (Porras-Segovia et al. 2019). This becomes more
significant during any pandemic, where the prevalence of sleep disorders is
increased, to reduce the risk of suicide (Sher 2020). Therefore, early recognition
and treatment of sleep problems among those with mental illness and the general
population are essential to prevent psychological and physical morbidities during
pandemics. Beyond mental health consequences, sleep disturbances are also a risk
factor for several medical conditions, including cardiovascular disease, obesity, and
overall increased mortality (Czeisler 2015; Sofi et al. 2014). Good quality of sleep
promotes a better immune system and can subsequently promote better recovery
from infection (Mahmoudi et al. 2021).
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6.2 Background

The COVID-19 pandemic may be the most challenging health crisis of this century.
Its global health and economic impacts affected all aspects of life, including people’s
physical and mental health. While necessary measures were implemented to control
the spread of the virus, the restrictions imposed on daily life caused other social,
health, and financial consequences beyond the risk of infection. It is therefore not
surprising to see a rise in mental health disorders worldwide. The increased preva-
lence of depression, anxiety, and psychological distress have been well-reported in
the literature since the pandemic’s start (Xiong et al. 2020). Sleep, an essential
component of maintaining physical and mental well-being, was particularly affected.
The sleep–wake cycle is regulated by a circadian rhythm influenced by daylight
exposure and daily activities and routines. These include regular waking times,
work, leisure activities, exercise, etc. (Morin et al. 2020). The imposed lockdowns
around the world confined most people to home, disrupting their daily activities and
often leaving them with little if any exposure to sunlight thus resulting in increased
rates of insomnia and other sleep disorders; disruptions to both sleep pattern and
quality were reported (Morin et al. 2020; Cellini et al. 2020). While this is true for
many people, patients infected with COVID-19 were particularly susceptible.

The prevalence of sleep problems during the pandemic increased steadily. A
study conducted in China during the early days of the pandemic reported that 18.2%
of people had decreased sleep quality (Huang and Zhao 2020). A larger systematic
review that spanned a wider data range estimated the prevalence of sleep problems at
35.7% (Jahrami et al. 2021). This systematic review and meta-analysis reported that
most studies exploring sleep problems were conducted on the general population,
followed by healthcare practitioners, and lastly, on patients infected with the virus.
Yet, those infected were the most affected, with a 74.8% prevalence of sleep
problems. Older age and male gender had a significantly higher prevalence. This is
strikingly higher than their reported 40% prevalence among the general public and
healthcare practitioners (Jahrami et al. 2021). A later systematic review on the long-
term sleep problems after COVID-19 infection reported considerable variation in the



literature from no effect of COVID-19 on sleep 5 months after recovery to 85% of
patients having sleep disturbances within a similar time frame.
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The impact of the severity of the acute viral infection on sleep disturbances also
varied; some studies reported sleep to be independent of the severity of the infection,
while others showed a higher prevalence of disturbed sleep in the more acutely ill.
Whatever the extent of the effect, it seems to improve with time after recovery
(Schou et al. 2021). Some factors contributing to poor sleep in this population
include hospitalization duration, low absolute lymphocyte count, increased neutro-
phil to lymphocyte ratio, and a history of mood disorder. Immunological and other
factors are associated with long-haulers who continue to have clinical sequelae after
passing through the index infection; many of those individuals also report sleep
complaints (Bhat and Chokroverty 2022).

Several theories attempted to explain the relationship between disturbed sleep and
the severity of COVID-19 infection. The virus attacks the respiratory system to
cause cough and shortness of breath, which are associated with sleep disruption
(Ferrando et al. 2016). This was more pronounced before the introduction of
vaccines when severe respiratory symptoms were more common among those
infected. The other physiological effects of the virus, such as fever and pain, are
also linked to sleep problems. Medications used to treat infected patients may also
cause impaired sleep (Tsang et al. 2004). In the following sections, we will discuss
the biopsychosocial and medical aspects related to reported sleep problems (insom-
nia, quality, duration, and others) related to the COVID-19 pandemic. We will also
briefly cover the available treatment options.

6.3 Insomnias

Insomnia, “a difficulty in initiating, maintaining, and consolidating sleep. . .” is the
most common of sleep disorders (de Sousa Martins e et al. 2020). Insomnia is
associated with hypertension, diabetes, and cardiovascular disease (Sofi et al.
2014; Fernandez-Mendoza and Vgontzas 2013). It is also a common symptom of
depression and anxiety disorders, both occurring at a higher rate during the pan-
demic. Published literature from previous viral outbreaks such as swine flu, severe
acute respiratory syndrome coronavirus (SARS), and Middle East respiratory syn-
drome coronavirus (MERS) provided evidence of insomnia developing because of
isolation and quarantine (Hossain et al. 2020; Sanghera et al. 2020). Among the
factors contributing to the increased prevalence of insomnia during the pandemic are
the uncertainties of the news of the spread of the virus and updates on social media,
the lockdown periods, and also the people’s concerns for their health and of their
loved ones (Pappa et al. 2020; Voitsidis et al. 2020; Kokou-Kpolou et al. 2020).
Specific population groups involved as front-liners in managing the pandemic, for
instance, healthcare professionals, working longer hours and more overnight shifts,
were more susceptible to insomnia (Cénat et al. 2021).
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Patients with the infection who were quarantined or hospitalized, and those
exposed to the virus and isolated, were particularly at risk of difficulty falling asleep
(early insomnia) or waking early in the morning (late insomnia). Earlier in the
pandemic, data from China showed a significantly higher prevalence of insomnia
among medically isolated patients than in others. A systematic review of 31 studies,
with a total sample size of 5153 patients with COVID-19, showed an overall
prevalence of insomnia of 34%; there was no significant gender difference (Deng
et al. 2021). However, others reported more severe sleep problems in women (31%)
than in men (16%) (Wichniak et al. 2021). The International COVID-19 Sleep Study
(ICOSS) is a collaborative study among 14 countries across four continents that
explored the pandemic’s impact on sleep. They concluded that being infected with
the virus was significantly associated with poor sleep quality, early insomnia, late
insomnia, increased use of hypnotics, daytime sedation, and fatigue. This was
reported in all the participating countries, where more than 20% of participants
reported poorer sleep quality. They assume the sleepiness caused by the infection
may be biological (Partinen et al. 2021).

Impaired consciousness, ranging from somnolence to delirium and coma, has
been reported in 15% of hospitalized COVID-19 patients. Mechanisms include
direct infection-related causes and general factors associated with increasing the
risk of delirium in hospitalized patients, such as prolonged hospitalization, pain, and
metabolic abnormalities. Sleep deprivation is both a risk factor for delirium and a
consequence. Several studies explored the use of Melatonin and Melatonin receptor
agonists and their association with reducing ICU admissions, reducing the risk of
delirium, and improving sleep quality in COVID-19 patients (Zambrelli et al. 2020).

6.4 Sleep Duration

Sleep has a bidirectional association with infectious processes. Poor sleep impairs
the body’s normal immune response to infective agents thus increasing the risk of
getting infected and experiencing a more severe illness (de Sousa Martins e et al.
2020). On the other hand, the infection and restrictions associated with the pandemic
have physical and mental health consequences that affect sleep. In a study that
examined observational and genetic data, short sleep duration was associated with
acceleration of immune senescence and obesity, both associated with the suscepti-
bility to and severity of COVID-19 infection (Liu et al. 2022). Another study in
China found that the risk of severe infection was six to eight times higher in those
who had decreased sleep in the week before their infection (Huang et al. 2020).
Conversely, patients with an acute COVID-19 infection had an increased risk of
sleep disturbance. Among those, the severity of sleep quality was associated with a
prolonged hospital stay and greater immune disturbances as measured by laboratory
markers (Zhang et al. 2021).

Systematic reviews on children and adolescents during the COVID-19 pandemic
reported increased early insomnia and also longer sleep duration that was correlated



with increased levels of anxiety and depression (Chawla et al. 2021; Richter et al.
2022). Similarly, in adults, the restrictions imposed by the COVID-19 pandemic
showed a similar pattern of increased sleep duration that was also attributed to the
consequent mismatch between the biological internal rhythm and change in daily
activities (Blume et al. 2020).
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6.5 Sleep Quality

Beyond insomnia, patients with COVID-19 are also likely to have poor sleep
quality. An observational study in Wuhan, China, found an association with time
to seek medical help. Patients who sought medical care more than 3 days post the
onset of symptoms reported a subjectively worse sleep quality and early insomnia
(Sun et al. 2021). Sleep problems, broadly categorized, were also associated with
older age, having a comorbid chronic illness, and subjective perception of the
severity of the infection (Jiang et al. 2021). Zhang et al. published one of the few
papers focusing on the effect of sleep quality in hospitalized patients with COVID-
19 on their immune function recovery and prognosis. Two weeks of poor sleep
quality during hospitalization was associated with an increased need for ICU
hospitalization, slower recovery from lymphopenia, reflective of immune function
status, and a longer duration of hospitalization by an average of 8 days (Zhang et al.
2020a). Researchers in Turkey surveyed 189 patients hospitalized with COVID-19
to study the relationship between sleep quality and mental health status. They found
that patients with poor sleep quality required longer periods of hospitalization, had
more clinical deterioration, and had a higher rate of depression than those with good
sleep quality; the rate of anxiety was not affected between the two groups (Akıncı
and Melek 2021). The isolation imposed on infected patients, stress, psychological
distress, and the severity of dyspnea contribute to poor sleep quality in this popula-
tion (Gungor et al. 2021). Stress disrupts sleep quality; it activates the hypothalamic-
pituitary-adrenal (HPA) axis, increases cortisol release, and subsequently suppresses
the body’s immune response. Poor sleep quality could increase the risk of upper
respiratory tract infections, while good sleep quality enhances the immune system
(Zhang et al. 2020a).

Patients infected with COVID-19 complained of sleep disturbances regardless of
the presence of infective symptoms, need for hospitalization, and intensive care unit
(ICU) admission. Mahmoudi et al. explored the association between mental health,
sleep problems, Post Traumatic Stress Disorder (PTSD), and health-related quality
of life (HRQoL) in COVID-19 patients. They concluded that infected patients with
sleep problems and PTSD had worse HRQoL (Mahmoudi et al. 2021). Compared to
those with good sleep, patients with COVID-19 admitted to ICU with poorer sleep
quality had worse outcomes in terms of a longer hospital stay, lower HRQoL, and
lower recovery (Zhang et al. 2020a). A significantly longer period of hospitalization
among those with poorer sleep quality compared to those with better sleep was also



reported by a study in Turkey; those patients were also found to have a significantly
higher incidence of depression (Ak and Bas 2021).
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6.6 Other Sleep Disorders in COVID-19

6.6.1 Restless Leg Syndrome (RLS)

The association between RLS and COVID-19 infections has not been much reported
beyond a few retrospective studies and case reports (Tony et al. 2020; Goldstein
et al. 2021). However, the higher prevalence of stress, anxiety, and depression, and
the medication used to treat them, are all contributing factors to either causing RLS
or aggravating the condition in those with preexisting RLS. The discomfort associ-
ated with RLS can be relieved with movement. The confinement related to hospi-
talization and restricted movement is expected to worsen the symptoms (Bhat and
Chokroverty 2022).

6.6.2 Obstructive Sleep Apnea (OSA)

Obstructive sleep apnea causes intermittent partial or total airway obstruction,
resulting in difficulty breathing and sleep arousal. The disorder is associated with
other medical comorbidities, including hypertension, obesity, depression, asthma,
and others. Many of these were also identified as medical conditions associated with
higher vulnerability and worse outcomes in patients infected with COVID-19 (Miller
and Cappuccio 2021). Sleep deprivation, interruption, and intermittent hypoxia in
OSA result in an inflammatory response that ultimately weakens the body’s immune
response to the viral infection. Treatment with Continuous Positive Airway Pressure
(CPAP) improves the well-being of patients with OSA. However, CPAP is consid-
ered a high-risk aerosol-generating procedure and can place those in the vicinity at
increased risk of viral infection. The reader is advised to refer to chap. 14 of this
book for more detailed information on OSA and COVID-19.

6.6.3 Somnolence

Somnolence, or excessive daytime sleepiness, is the inability to remain awake during
wakefulness, resulting in sleep. In comparing hospitalized and non-hospitalized
patients with COVID-19 among a UK biobank cohort, the hospitalized group had
more insomnia, excessive daytime sleepiness, and daytime napping. The authors
report that daytime sleepiness was often associated with higher COVID-19 hospi-
talization, and sometimes daytime napping was associated with susceptibility to the



virus and a higher risk of hospitalization, daytime napping being a sign as opposed to
a cause of severe infection. They make the argument that metabolic pathways may
be the link between somnolence and COVID-19 infections. Somnolence is signifi-
cantly associated with KSR 2 gene, which is also linked to obesity and insulin
resistance; both conditions are reported to contribute to the severity of COVID-19
(Liu et al. 2022). OSA is the most common cause of somnolence; the association of
OSA with COVID-19 is briefly described above and will be addressed in more depth
in another chapter of this book.
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6.7 Narcolepsy

Narcolepsy is a sleep disorder characterized by increased daytime sleepiness, cata-
plexy, hallucinations, and sleep paralysis. The condition has been reported in
association with previous pandemics. Increased incidence was reported in people
infected with Influenza-A H1N1 in 2009 (Sarkanen et al. 2018). Current evidence
supports Narcolepsy as a product of genetic and triggering environmental factors
affecting Orexin neurons in the lateral hypothalamus. The immune response to
certain infective pathogens has been suggested to detriment the function of Orexin
neurons thus contributing to the development of Narcolepsy (Schirinzi et al. 2021;
Bassetti et al. 2019). Earlier, during the COVID-19 pandemic, a paper was published
suggesting the possibility of COVID-19 triggering Narcolepsy (Schirinzi et al.
2021). Since then, there has not been more reported incidence of Narcolepsy caused
by this virus, except for isolated case reports (Deshpande et al. 2022). It is worth-
while investigating a possible link between Narcolepsy and COVID-19 in wider
scale research projects.

6.8 Management Considerations

While sleep-related issues are widely reported among those acutely infected with
COVID-19, clinical trials investigating improving sleep for those patients are scarce.
Therefore, physicians managing sleep-related issues using specific patient-tailored
approaches should follow clinical judgment per the most updated guidelines. Screen-
ing for sleep patterns, duration, quality, and insomnia is important in assessing
patients with infectious diseases. It would allow targeted interventions that enhance
the recovery process. Special consideration should be given to scrupulously inves-
tigating the underlying sleep complaints associated with COVID-19 in a patient-
specific manner. The management of restless legs syndrome developing due to
COVID-19 infection would not be identical to managing more commonly reported
sleep consequences of COVID-19, such as insomnia (Tony et al. 2020; Mohiuddin
et al. 2021).
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Pharmacological options to manage sleep disturbances among COVID-19
patients are limited compared to the general population, especially given the
increased risk of respiratory depression in symptomatic patients, which limits the
use of several anxiolytics and sleep-aid medications for risks of respiratory depres-
sion. The natural hormone Melatonin, which helps regulate the sleep–wake cycle, is
not new when managing respiratory infections and illnesses. Melatonin has been
used as an adjunct medication in the Ebola outbreak and was shown to alleviate
radiation-induced lung injury in mice models (Wu et al. 2019; Reiter et al. 2020).
One clinical trial found that Melatonin improved sleep quality and oxygen saturation
among those hospitalized for COVID-19 when given in addition to the standard
treatment as opposed to standard therapy alone (Mousavi et al. 2022). It has also
been recommended for use to prevent and treat sleep disturbances and delirium in
ICU patients with COVID-19 (Zhang et al. 2020b). This is due to its good safety
profile in therapeutic doses and based on previous research that associated melatonin
with improved sleep and shorter duration of ICU stay as well as lower prevalence of
delirium among patients in ICU (Zhang et al. 2019).

Non-pharmacological approaches to managing sleep disturbances in patients with
COVID-19 have also been used. First developed by Edmund Jacobson in 1934,
progressive muscle relaxation (PMR) attempts to help stressed people relieve dis-
tress by teaching them how to reduce muscle tension (Conrad and Roth 2007). It has
since been reintroduced in more abbreviated ways and has shown usefulness in
relieving anxiety, somatic pain, and disturbed sleep (Conrad and Roth 2007; Seyedi
Chegeni et al. 2018). In a randomized controlled trial on COVID-19 patients
admitted to the hospital, daily PMR sessions for five consecutive days were reported
to improve the quality of sleep and anxiety symptoms (Liu et al. 2020). Another
study demonstrated that PMR among hospitalized COVID-19 patients decreased
sleep, anxiety, and mood disturbances (Xiao et al. 2020). One advantage of this
technique is that it can be delivered online; this is particularly advantageous to
patients with COVID-19 who are often required to self-isolate. Another advantage
is that non-pharmacological methods help patients avoid medication side effects,
especially among vulnerable populations with multiple comorbidities and increased
sensitivity to medication interactions. However, a possible challenge towards
adapting PMR is its need for patients to be able and willing to actively engage for
15–60 min (depending on the protocol used) and for multiple sessions; this might not
be feasible for patients in severe symptomatic distress or altered cognition as a result
of their primary COVID-19 illness.
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Chapter 7
Sleep Patterns and Sleep Disturbances
During the Lockdown Periods

Federico Salfi and Michele Ferrara

Abstract Since December 2019, the spread of acute respiratory syndrome
(COVID-19) due to the SARS-CoV-2 virus has posed unprecedented challenges to
the international healthcare systems. The uncontrollable increase in contagions,
hospitalizations, and deaths forced governments around the globe to implement
severe restriction policies, known as lockdowns. During the lockdown periods,
people were forced to stay at home, face-to-face social interactions were forbidden,
and most school and work activities were mandatorily closed. This stressful scenario
dramatically affected the daily routine of the world population, impacting the sleep
health and habits of hundreds of millions of people.

In this chapter, we provided a general overview of the multifaceted changes in
human sleep due to the lockdown periods. We described the negative consequences
on sleep quality and insomnia symptoms among the general population, outlining
possible demographic and psychological risk factors. We discussed the pervasive
changes in sleep duration and sleep schedules, the global reduction in social jet lag,
and how all these factors interacted with the different circadian typologies. Finally,
we discussed the consequences of working and schooling adjustments during the
self-confinement period, as well as the repercussions of reduced daylight exposure
and the concomitant increase in screen time worldwide. Besides the obvious nega-
tive impact on sleep health, the lockdown periods gave birth to the broadest natural
experiment in human history, representing a unique opportunity to deepen our
knowledge about the role of the societal and environmental contexts on sleep
behavior.
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7.1 Lockdown and Sleep: The Perfect Storm

The SARS-CoV-2 virus started to spread in China in the last months of 2019. This
virus led to an acute respiratory syndrome associated with a potentially life-
threatening pneumonia disease (COVID-19). In the subsequent months, the conta-
gions increased worldwide, giving rise to a global pandemic (Platto et al. 2021).
Governments around the world promptly reacted to this situation by applying
unprecedented containment measures to counteract the increasing contagion, hospi-
talization, and death rates. The set of extreme restraining measures became known as
lockdown, consisting of home confinement, social distancing, and the mandatory
closure of schools and most work activities. The pervasive impact of these measures
on the lifestyle of the general population was associated with generalized alterations
in main zeitgebers. The nationwide lockdown periods led to reduced sunlight
exposure, social interactions, and physical activity (Altena et al. 2020). Meanwhile,
the daily use of smartphones and computers dramatically increased to compensate
for the limited face-to-face interactions, spend longer free time, and relieve boredom
(Trott et al. 2022). In this scenario, millions of workers and students began to work
from home (Eurofound 2020; Brynjolfsson et al. 2020), while fears of contagion,
economic and employment uncertainties, and worries about the well-being of loved
ones burdened everyday life, leading to increased distress and anxiety levels
(Rajkumar 2020). It did not take long to realize that all the abovementioned factors
would have represented the perfect storm to impact the sleep health/habits of the
world population (O’regan et al. 2021).

7.2 Sleep Disturbances During the Lockdown

Since the early months of the pandemic, a considerable effort by the international
scientific community has been conducted to understand the consequences of the
lockdown periods on human sleep. However, the restraining measures led to the
closure of research laboratories worldwide, and the only way to collect data during
social distancing consisted of online surveys. Despite the intrinsic limitations of
self-reported questionnaires (selection and response biases), the massive literature
developed during the first pandemic phase provided a crucial contribution to the
advancement of knowledge about the lockdown consequences.

Italy was the first Western country to deal with the pandemic and to apply a total
lockdown, and the first evidence of the effect of the self-isolation period on sleep was
addressed by an Italian study (Cellini et al. 2020). Through an online survey, the
authors evaluated the sleep quality of 1310 young Italian citizens, retrospectively
comparing the second week of lockdown with the previous month. The investigation
showed decreased sleep quality, with an increase in poor sleep rates from 40.5% to
52.4% based on the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al. 1989). In
the subsequent months, the detrimental effect of the self-isolation period was



systematically confirmed in Italy (Gualano et al. 2020; Casagrande et al. 2020). One
of the most extensive studies (Salfi et al. 2021c) on 13,989 participants reported
alarming rates of poor sleepers (61.1%) and people with at least subthreshold
insomnia (52.8%), based on PSQI and Insomnia Severity Index (ISI) (Bastien
et al. 2001), respectively. As the virus spread worldwide, international scientific
interest increased in studying the repercussion of stay-at-home orders on sleep.
Blume and colleagues (2020) showed reduced sleep quality in three European
countries (Austria, Germany, and Switzerland). Increased sleep disturbances were
reported in Greece (Voitsidis et al. 2020), France (Kokou-Kpolou et al. 2020), Spain
(Dal Santo et al. 2021), Belgium (Cellini et al. 2021), India (Gupta et al. 2020),
China (Li et al. 2020; Lin et al. 2021), Brazil (Taporoski et al. 2022), the US
(Mandelkorn et al. 2021), Argentina (Valiensi et al. 2022), as well as by multina-
tional studies (Mandelkorn et al. 2021; Yuksel et al. 2021).
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In response to this emergent literature, some studies summarized the results
coming from all over the globe. The first systematic review and meta-analysis on
this topic (Jahrami et al. 2021) was carried out on 44 papers involving a total of
54,231 participants from 13 countries. This study estimated a pooled prevalence rate
of sleep problems among all populations of 35.7%. A more recent systematic review
and meta-analysis (Jahrami et al. 2022), covering the first 6 months of the pandemic,
analyzed 250 papers comprising 493,475 participants from 49 countries. This study
revealed a global prevalence of sleep disturbances of 40.5%, showing that sleep
disturbances were higher during lockdown (42.5%) compared to no lockdown
periods (38.0%). Finally, to provide a global overview of insomnia symptoms, a
systematic review, and individual participant data meta-analysis were specifically
performed on research involving the ISI (AlRasheed et al. 2022). This study
analyzed 48 studies from 25 countries comprising 133,006 respondents, showing
that the pooled estimate of insomnia symptoms (subthreshold and clinically signif-
icant) was 52.6%. Specifically, 16.7% of the population suffered from clinically
significant insomnia, of which 13.8% suffered from moderate insomnia, and 2.5%
suffered from severe insomnia.

The same meta-analyses tried to clarify potential risk factors for the development
of sleep disturbances. One of these studies focused on possible differences between
genders, reporting similar prevalence rates of sleep problems during the lockdown
periods (Alimoradi et al. 2022). Notably, this evidence was supported by other meta-
analyses that confirmed the absence of a moderating role of sex in the global
prevalence rates of sleep issues (Alimoradi et al. 2021; Jahrami et al. 2021, 2022)
and insomnia symptoms (AlRasheed et al. 2022). These findings are inconsistent
with the pre-pandemic literature as sleep problems such as insomnia were typically
more common among women (Zhang and Wing 2006). However, the closure of the
gender gap could be specifically ascribable to the confinement situation, as shown by
a longitudinal study on 2701 Italian adults highlighting a specific gender-related time
course of sleep disturbances during prolonged self-isolation (Salfi et al. 2020).
Comparing the third and the seventh weeks of lockdown, men reported decreased
sleep quality and exacerbated insomnia symptoms, while women relieved insomnia
severity. In this scenario, the higher prevalence of moderate/severe insomnia



conditions among females was no longer present with the extension of the confine-
ment period.
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Meta-analytic studies also confuted a possible role of age in predicting sleep
problems during the first pandemic phase (Alimoradi et al. 2021, 2022; AlRasheed
et al. 2022; Jahrami et al. 2022). Again, this finding was unexpected as aging is
typically associated with increased sleep disturbances (Li et al. 2018; Patel et al.
2018). The absence of moderation effects of age could be driven by a specific
vulnerability to sleep problems of the youngest people (Amicucci et al. 2021) and
the student population under confinement (Jahrami et al. 2022). During the first
contagion wave, healthcare professionals were the frontline workers in dealing with
the emergency. The increased stressful workload, accompanied by higher contagion
risk and irregular work schedules, could have led them to experience acute sleep
disturbances. Some meta-analyses confirmed this idea, showing that sleep problems
were most prevalent in healthcare workers (Alimoradi et al. 2021; Cénat et al. 2021;
Jahrami et al. 2022). However, the literature in the field is heterogenous, and some
reports failed to highlight statistically significant differences (AlRasheed et al. 2022),
showing only numerically higher rates of sleep disturbances in healthcare profes-
sionals compared to the general population (Jahrami et al. 2021; Alimoradi et al.
2022).

The raised sleep issues under confinement were complemented by higher levels
of mental health problems and decreased psychological well-being (Rajkumar 2020;
Vindegaard and Benros 2020). Considering the bidirectionality between sleep and
mental health (Alvaro et al. 2013), psychological distress could have played a crucial
role in fostering sleep disturbances during the first contagion wave of COVID-19. A
systematic review and meta-analysis of 177 papers comprising 345,270 participants
from 39 countries addressed this topic, evaluating the relationship between sleep
problems and psychological distress during the first months of the pandemic
(Alimoradi et al. 2021). The study revealed a moderate positive association between
sleep disturbances and the severity of depressive and anxiety symptoms, emphasiz-
ing the need for effective programs treating mental health to improve pandemic-
related sleep problems and vice versa.

Overall, the literature supported the evidence of a general increase in sleep
disturbances in the worldwide population due to the exceptional measures applied
to contrast the virus spread. In this scenario, the concomitant psychological distress
could have significantly contributed to the development and exacerbation of sleep
problems.

7.3 The Sleep Duration Paradox

Although the stressful situation of self-confinement led to increased sleep problems
among the general population, several studies reported a clear dissociation between
trends of quality and quantity of sleep during the lockdowns. Before the COVID-19
outbreak, modern societies were already dealing with a sleep-loss epidemic (CDC



2015). The social and technological revolutions in most industrialized nations were
associated with a decline in sleep duration across the last decades (Bixler 2009). In
this view, the loosening of social obligations during the lockdown seemed to
paradoxically unlock more time for sleep (Kantermann 2020). One of the first studies
to address this issue was by Leone and colleagues (2020), who analyzed data from
1021 respondents that completed questionnaires before and during the home con-
finement period. This study showed longer sleep duration during lockdown week-
days, with only 37.3% of participants not reaching the recommended 7 h of sleep
(Hirshkowitz et al. 2015) during the quarantine compared to 60.2% during the
pre-pandemic period. Consistently, a larger multinational investigation (Global
Chrono Corona Survey) on 7517 respondents from 40 countries described longer
sleep duration on workdays by 26 min than before COVID-19-mandated social
restrictions (Korman et al. 2020). This phenomenon was systematically reported
by several studies on adult populations (Blume et al. 2020; Wright et al. 2020;
Cellini et al. 2020), and similar results were reported by research focused on younger
people. A study involving 17,000 school-aged children and adolescents in the UK
during the first national lockdown showed that participants reported longer sleep
duration than in 2019, with a maximal improvement in younger secondary school
students (+45 min) (Illingworth et al. 2022). These results were objectively con-
firmed by research that analyzed large amounts of smartphone users’ data. Robbins
and coworkers (2021) examined 2.9 million nights of sleep recordings from different
continents, suggesting the lockdown periods were associated with a 20-min sleep
extension worldwide compared with the previous year.
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Further confirmations of the lockdown-induced sleep extension came from lon-
gitudinal studies carried out during different pandemic phases. Salfi and colleagues
(2022a) longitudinally surveyed 1062 Italian people from the first lockdown to
2 years later, providing a compelling countercheck of the sleep duration paradox.
The authors showed that, as the COVID-19 mitigation strategies were gradually
loosened, sleep disturbances improved, while sleep duration decreased (-20 min).
Reduced sleep times after the lockdowns were confirmed by other studies using
wearable sleep/activity trackers (Massar et al. 2021) and by investigations that
analyzed large datasets from thousands of smartphone users (Yuan et al. 2022).

In sum, this literature supported the idea that lockdowns provided people world-
wide increased opportunities to sleep, suggesting the existence of a societal sleep
deficit during pre-pandemic times. However, it was a transitory phenomenon that
tended to disappear with the gradual resolution of the emergency.

7.4 Changes in Sleep Schedule and Social Jet lag

One of the most striking consequences of the lockdown periods was a pervasive shift
in sleep schedules. The international literature consistently found delayed sleep
timing, perhaps because of the relaxed social time pressure under self-confinement.
An Italian survey of approximately 14,000 respondents showed that 59% of the



sample reported delayed bedtimes and 63% delayed wake-up times during lockdown
(Salfi et al. 2021c). The same studies that demonstrated the sleep extension effect
also shed light on when people slept during the lockdown. In a sample of young
workers, Cellini and colleagues (2020) demonstrated later bedtimes (+41 min) and
even later wake-up times (+73 min). Similar results were obtained by investigations
on a large sample of children and adolescents (Illingworth et al. 2022), as well as
among university student populations (Wright et al. 2020; Marelli et al. 2021). Later
sleep timing than in 2019 was confirmed by a global analysis of almost 65,000 users
of the “Sleep As Android” smartphone application, with the extent of changes strictly
linked with the progression of the emergency in each country (Yuan et al. 2022).
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During home confinement, people almost completely limited their daily social
activity, and millions of workers and schoolers began to work from home with more
flexibility in working hours. In this view, the lockdown represented a unique
opportunity to reduce the discrepancy between the social/working clocks and the
endogenous day and night rhythms (social jet lag) (Wittmann et al. 2006). Several
studies demonstrated that the changes in sleep schedule were significantly different
between weekdays and weekends, and the most evident variations were found on
weekdays (Korman et al. 2020; Leone et al. 2020; Blume et al. 2020; Wright et al.
2020). A large international study collecting data from 40 countries showed delayed
midsleep time on workdays and free days by 50 and 22 min, respectively. These
outcomes were objectively confirmed by analyzing the nocturnal sleep patterns of
~113,000 consumer sleep tracker users from 20 countries (Ong et al. 2021). This
study found later midsleep times, particularly on weekdays, whose extent was
greater with increasing stringency of confinement measures. Based on this evidence,
the current literature is consistent in indicating that the lockdown periods led to
better regularity of sleep timing worldwide, alleviating the social jet lag phenomenon
(Korman et al. 2020; Leone et al. 2020; Blume et al. 2020; Wright et al. 2020).

The confirmation of the lockdown-related delay of sleep times and reduced social
jet lag also came from studies evaluating people longitudinally after lifting the stay-
at-home orders. Salfi and colleagues (2021b) evaluated the variations of sleep
schedules in a large Italian sample (2013 adults), showing that the participants
went to sleep 36 min earlier and woke up 56 min earlier during a subsequent period
of lighter restraining measures compared to the first lockdown. Moreover, a study
using wearable sleep trackers showed an immediate increase in social jet lag as a
consequence of the cessation of the isolation measures (Massar et al. 2021).

In conclusion, studies across multiple societies and different population groups
showed a substantial shift to later sleep schedules during the lockdown, and the
effect was more prominent on weekdays. This effect temporarily allowed people to
comply with their circadian rhythm, leading to a transitory reduction of social jet lag.



7 Sleep Patterns and Sleep Disturbances During the Lockdown Periods 127

7.5 The Chronotype Matter

The lifted societal demands under home confinement led to a worldwide reduction in
social jet lag (Korman et al. 2020; Leone et al. 2020; Blume et al. 2020; Wright et al.
2020). This phenomenon is intrinsically linked with the circadian typology concept,
with evening-types experiencing the most pronounced misalignment between social
and biological clocks in modern society (Roenneberg et al. 2019). In this view, the
lockdown periods could have unevenly affected the sleep patterns of different
chronotypes.

The first to address this topic was a large Italian study that surveyed 13,989 adults
(Salfi et al. 2021c). The sample was divided into morning-type (MT, 23.3%),
intermediate-type (IT, 65.6%), and evening-type people (ET, 11.1%) according to
the Morningness-Eveningness questionnaire-reduced version (MEQr) criteria (Adan
and Almirall 1991). The study found a higher prevalence of delayed bedtime
(75.3%) and wake-up time (77.1%) in ET compared with MT people (44.3% and
49.8%, respectively). In stark contrast with pre-pandemic literature (Adan et al.
2012), ET slept longer than MT. However, a higher rate of ET respondents reported
a negative impact of the confinement measures on sleep than the MT group
(69.0% vs. 50.4%), and eveningness was associated with lower sleep quality and
more severe insomnia symptoms. The vulnerability of late chronotypes during the
lockdown periods was subsequently confirmed by a multinational investigation of
19,267 adults from 15 countries (Merikanto et al. 2022). The authors showed
specific delayed sleep timing and increased sleep duration in the ET group under
confinement compared with a retrospective pre-lockdown assessment. This effect
led to the disappearance of the well-known differences in sleep duration between
chronotypes. On the other hand, the same study highlighted that sleep problems
(e.g., insomnia symptoms, nightmares, and daytime sleepiness) primarily increased
among evening-types. A specific benefit on sleep duration of night owls was
confirmed by another investigation on 610 US adults (Bottary et al. 2022) that
found a stronger lockdown-related decrease in social sleep restriction (the difference
between weekend and weekday sleep duration) among the ET population. Remark-
ably, the only investigation providing an objective sleep evaluation reported similar
results (Pépin et al. 2021). Using data from 599 adults collected by a commercial
EEG wearable headband, the authors compared confinement and the pre-lockdown
period, demonstrating a larger shift to later sleep timing among the ET people and no
difference in sleep duration. Furthermore, eveningness preference was associated
with a higher increase in REM sleep as a consequence of the longer sleep duration.
Remarkably, looking at subsequent pandemic phases, a longitudinal study on 1062
Italian adults showed that the time course of sleep duration changes differed between
chronotypes (Salfi et al. 2022a). The authors showed that the gradual loosening of
restraining measures led ET people to sleep less and less than morning-types across
the subsequent 2 years from lockdown.

Overall, the literature described distinct changes in sleep patterns according to
circadian typology. The lockdown period allowed ET people to sleep longer and



more aligned with their endogenous clock (decreased social jet lag), suggesting a
preexisting sleep deficit in this population and greater susceptibility to pandemic-
related societal changes. Meanwhile, these benefits were over-weighted by a con-
comitant worsening of sleep disturbances. On the other hand, the MT population was
characterized by a more stable sleep schedule, with morningness suggested as a
protective factor against the development of sleep disturbances during home
confinement.
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7.6 The Impact of Working/Schooling Adjustments

The societal changes imposed by the COVID-19 outbreak radically disrupted the
labor market worldwide. Millions of people suspended their work, while most of the
general population began working from home for the first time (Brynjolfsson et al.
2020; Eurofound 2020). Home working removed the need to commute to the
workplace and could be characterized by higher flexibility of working schedules.
This situation drastically affected the daily routine as well as the sleep rhythms of
workers, giving rise to an unprecedented natural experiment to understand how sleep
changes when work hours and work environments change.

In one study, Leone and colleagues analyzed a subgroup of their sample that
reported working from home, compared with people continuing to reach the work-
place during the stay-at-home orders (Leone et al. 2020). The authors showed a
specific benefit of working from home, as this condition was associated with longer
sleep time, lower social jet lag, and delayed sleep timing compared to the
pre-pandemic assessment. Moreover, the study found an increased prevalence of
remote workers reaching the minimum recommended 7 h of sleep on weekdays
during the lockdown (from 39% to 65%). In contrast, this prevalence was stable
among those who continued to work outside (from 27% to 32%). A subsequent
investigation provided similar results by surveying a large Italian sample (Salfi et al.
2021c). The authors demonstrated better sleep quality, lower insomnia severity,
longer sleep duration (+27 min), and later bedtime and wake-up time among 3536
adults working from home compared with 1675 respondents who reached the
workplace. Raman and Coogan (2021) confirmed these findings in a group of
797 Irish adults, showing that remote working during restrictions led to a more
delayed midsleep time, longer workday sleep duration, and a more marked reduction
of social jet lag than “essential” workers who continued to attend their workplace.
However, the benefits of remote working may not have involved all circadian
typologies in the same way, considering that the effect of working schedules on
sleep quality and duration seems to depend on individual chronotypes (Juda et al.
2013; Vetter et al. 2015). In line with this idea, an investigation on 675 office
workers and 265 home workers demonstrated that the effects of the working
adjustments due to the COVID-19 outbreak were not generalizable to the whole
population, highlighting better sleep quality, reduced insomnia symptoms, and
longer sleep duration specifically among the night owls (Salfi et al. 2022b).



7 Sleep Patterns and Sleep Disturbances During the Lockdown Periods 129

Another main consequence of the confinement measures was a pervasive
upheaval in the school community. In-presence lessons were suspended, and remote
learning became the norm for millions of students. Although homeschooling con-
tinued to be characterized by fixed schedules, removing morning commutes could
have facilitated young people to follow their endogenous circadian rhythm, typically
oriented to the eveningness (Roenneberg et al. 2019), with possible implications for
their sleep health. This idea finds its roots in a large body of evidence demonstrating
the beneficial effects of later school start time on the younger population’s sleep
(e.g., Alfonsi et al. 2020).

A Brazilian longitudinal study addressed this topic, comparing sleep measures
collected during the lockdown with measures collected 1 year before among a
sample of 259 high school adolescents (Santos and Louzada 2022). The authors
found that students during remote classes slept later, spent more time in bed
(+152 min), and reported lower daily sleepiness compared to the pre-pandemic
assessment. Moreover, the nap habits decreased during the lockdown as a conse-
quence of increased sleep duration at nighttime. Consistently, another longitudinal
study on 94 high school students showed substantially delayed sleep schedules
during the pandemic. Moreover, participants who slept less than 7.4 h before the
COVID-19 outbreak reported longer sleep duration (+30 min) and improved sleep
quality during school closures (Genta et al. 2021). Notably, similar findings were
obtained by a study that evaluated sleep patterns using wrist actigraphy and sleep
diaries, confirming later bedtime and wake-up time, longer sleep duration (+22 min),
and lower sleepiness during school days from home (Stone et al. 2021).

In conclusion, working and schooling adjustments due to the COVID-19 out-
break compromised the role of one of the crucial social zeitgebers, leading to a
general delay in sleep schedules. However, this scenario allowed both workers and
students to sleep longer and better, suggesting a detrimental effect of working/
schooling obligations in pre-pandemic times, particularly among the so-called
night owls.

7.7 The Role of Daylight Exposure

The sun’s daily cycle substantially affects the circadian clock, sleep, and alertness.
Ambient light is the most important zeitgeber and plays a crucial role in human
physiology, entraining the circadian cycle to local time (Blume et al. 2019). More-
over, environmental light is intimately involved in the daily regulation of melatonin,
a key sleep-promoting pineal gland hormone (Brown 1994). High-intensity daylight
exposure is beneficial for sleep, and some studies showed that low light levels could
impact sleep quality (Boubekri et al. 2014; Figueiro et al. 2017), lead to shorter sleep
duration (Boubekri et al. 2014), cause longer sleep-onset latency (Figueiro et al.
2017), and interfere with sleep architecture (Wams et al. 2017).

During lockdown periods, the freedom of movement was substantially reduced as
people were allowed to leave their homes for limited purposes, e.g., shopping for



necessities and reaching the workplace. Consequently, one of the main implications
of the stay-at-home orders was a large-scale reduction of daylight exposure. This
situation could have interfered with sleep health and the circadian clock, and
international agencies immediately recommended ensuring adequate daylight expo-
sure during self-isolation (Morin et al. 2020; Altena et al. 2020). However, under
strict confinement, many citizens could have hardly followed the advice, especially
those living in homes with limited outside areas and small windows. Despite the
significance of this topic, few studies were performed in this field. Blume and
colleagues (2020) addressed this issue by surveying 435 adults and retrospectively
comparing the lockdown scenario with a pre-confinement period. Their study
showed decreased sleep quality under quarantine, but higher levels of daylight
exposure buffered the sleep quality impairment and were associated with longer
sleep time. An online survey performed during New Zealand’s lockdown on
723 adults confirmed these results, reporting that people spent 1 h less per day
under the open sky. The reduced daylight exposure predicted worsened sleep quality
compared with a pre-pandemic assessment (Gibson et al. 2022). Similar findings
were obtained by the Global Chrono Corona Survey (Korman et al. 2022). The
authors demonstrated a 1-h median decrease in outdoor light exposure among 7517
respondents during social restrictions. This variation was significantly associated
with reduced sleep quality than the pre-lockdown period.
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Besides sunlight, artificial light also plays a role in regulating sleep rhythms, with
positive effects of high levels of office lights in the morning (Figueiro et al. 2017).
However, indoor home light levels are generally lower than those for commercial
office or school spaces, and some evidence suggested that staying in a bright room
indoors may counteract sleep disturbances and sleep-related impairments under
confinement (Figueiro et al. 2021).

In sum, the literature consistently demonstrated that reduced daylight exposure
due to home confinement was an important contributory factor in explaining the
raised sleep disturbances worldwide. Spending more time outdoors, when possible,
represented an effective strategy to mitigate the detrimental effects of home
confinement.

7.8 The Screen Time Effect

The imposition of social distancing measures and the limitations of outdoor activities
during the lockdowns had an inevitable consequence around the world: the massive
use of digital devices. Self-confined people substantially increased the time spent on
social networks and video calling to compensate for the limited face-to-face inter-
actions. The world population has begun to spend more and more time facing
television or using the Internet to occupy their growing free time and fight boredom.
Furthermore, hundreds of millions of people began to work or attend school from
home, leading to an unprecedented daily use of computers and tablets. All these
factors led to a worldwide increase in screen time. A systematic review and meta-



analysis of 89 studies (Trott et al. 2022) tried to summarize this phenomenon,
indicating that the total screen time and leisure screen time (non-work/non-aca-
demic) of the adult population increased by 1 h/day and 0.7 h/day during the
pandemic, respectively.
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Notwithstanding that the use of computers, smartphones, tablets, and televisions
may have helped to deal with the stressful confinement situation, the pre-pandemic
literature consistently described a negative impact of evening screen exposure on
sleep health. Several studies showed alerting effects of lights emitted by modern
electronic devices by dampening melatonin release (Cajochen et al. 2011; Green
et al. 2017).

Salfi and coworkers (2021a) were the first to address a possible impact of the
increased evening screen exposure during the lockdown on sleep. The authors
longitudinally collected information on 2123 participants during the 3rd and the
7th week of home confinement, showing that the variations of screen habits before
bedtime played a critical role in the time course of sleep problems under self-
isolation. The study demonstrated that increased screen time led to lower sleep
quality, more severe insomnia symptoms, shorter sleep duration, prolonged sleep-
onset latency, and delayed bedtime and get-up time. On the other hand, people who
decreased their exposure to electronic devices reported the opposite pattern of out-
comes. In line with these results, a recent systematic review of 18 articles confirmed
the detrimental role of screen exposure on sleep duration and quality during the
COVID-19 pandemic (Drumheller and Fan 2022). Notably, the pandemic-related
upsurge in screen time was reported in all age groups (Trott et al. 2022), and some
studies confirmed the association between the overuse of electronic devices and
sleep problems also in the younger population (Bruni et al. 2021).

Another way that evening exposure to electronic devices could have impaired
sleep is through the arousing and exciting effects of some screen-mediated contents
(Higuchi et al. 2005). During the lockdown periods, the media have played an
essential role in advising people about adequate prevention behaviors. However,
constant overexposure to ever-changing news and the overload of information
consisting of potentially traumatic content and dramatic news may have contributed
to deteriorating sleep by fueling anxiety and distress (Gao et al. 2020). In this view,
an online survey of 1005 adults representative of the French population found that
overexposure to media content about COVID-19 emergency was linked with aggra-
vated and severe sleep problems with daytime impairment and/or sleeping pill use
during the self-isolation situation (Léger et al. 2020).

Overall, the current literature supported the assumption that the large-scale
increased screen times during the self-isolation period negatively impacted the
general population’s sleep health, also affecting their sleep schedule. The light per
se and the COVID-19-related contents could have interfered with sleep patterns,
simultaneously intervening in physiological and cognitive mechanisms.
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Chapter 8
Impact of COVID-19 Mobility Restrictions
on Sleep and Well-Being

Stijn A. A. Massar, Ju Lynn Ong, and Michael W. L. Chee

Abstract The COVID-19 pandemic disrupted lives around the world. Mobility
restrictions imposed to stem the spread of the disease severely disrupted the daily
routines of billions of people. We review how mobility restrictions have affected
sleep, well-being, and performance among general populations around the world.
Overall, clear shifts toward later sleep timing, and longer sleep duration have been
observed in response to mobility restrictions. At the same time sleep quality deteri-
orated. Within these broad shifts in sleep characteristics, there was heterogeneity in
response among individuals. Elderly people, generally experienced small changes in
sleep during movement restrictions while school-aged children and adolescents
showed the largest change. Individuals who have an evening chronotype showed
larger sleep changes than morning-type persons. Evening chronotypes also showed
the most increase in insomnia and depression symptoms. Finally, we discuss how
hybrid work, blended learning, and routine-setting to reinforce social time cues
could be beneficial adjustments to improve sleep in the post-pandemic world.

Keywords Mobility restrictions · Sleep timing · Sleep duration · Covid-19 · Sleep
quality · Chronotype

8.1 Introduction

The COVID-19 pandemic resulted in global disruption with largely negative effects.
However, measures taken to reduce the spread of infection provided an unprece-
dented opportunity for many to work from home, spend time with family, and have
more time for sleep. COVID-19 mobility restrictions curtailed or altogether stopped
commuting, as well as in-person shopping and socializing, disrupting daily sched-
ules linked to sleep timing, duration, and regularity. Alongside, the multitude of
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uncertainties wrought by the pandemic, together with isolation associated with
hospitalization, quarantines, and loss of opportunities for in-person work and social
interactions affected sleep quality. In this chapter, we review how the pandemic and
its subsequent unwinding influenced sleep timing, duration, and quality of persons in
different countries. We reviewed how persons of different ages were affected. We
also comment on how those with preexisting insomnia and evening chronotype were
impacted. We close by suggesting community-wide actions to improve sleep in the
aftermath of the pandemic.
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8.2 Mobility Restrictions Resulted in Later and Longer
Sleep in Adults

Commuting consumes significant time each workday. Pre-pandemic, an average of
20 min was spent commuting in the United States, Finland, Spain, and Sweden. In
countries where urban population density is higher, like in Japan, China, and Korea,
it might take 40–60 min to get to work (OECD Social Policy Division 2016). With
the mobility restrictions resulting in the closures of public transportation, shops,
workplaces, and schools, time was saved with the implementation of work-from-
home procedures. Globally, data from both surveys and objective tracking found that
although bedtimes were delayed, wake times were delayed further, leading to an
overall increase in sleep duration. This arrangement also allowed individuals—
particularly evening types, to sleep closer to their preferred time. Against these
benefits, weaker social time cues, less morning light, together with increased eve-
ning light exposure might have contributed to poorer sleep quality and later bedtime
(Leone et al. 2020). Reversion of sleep schedules to pre-pandemic ones occurred
swiftly with the lifting of movement restrictions and return to the office, highlighting
the strength of social influences on sleep patterns (Massar et al. 2022).

8.2.1 Evidence from Surveys

Sleep researchers were quick to launch large-scale online surveys soon after national
lockdowns. Cellini et al. (2020) conducted a survey in the second week of lockdown
(Mar 17–23, 2020) on 501 workers and 809 university students in Italy, comparing
lockdown with pre-lockdown sleep. They observed that while bedtimes were
delayed by ~41 min in both workers and students, wake times were delayed further,
by 1 h and 13 min in workers, and ~45 min in students. This resulted in overall
longer time spent in bed (~26 min in workers, ~5 min in students).

In Austria, Germany, and Switzerland, Blume et al. (2020) administered sleep
questionnaires between Mar 23 and Apr 26 and found that median social jet lag
(difference in the mid-sleep time on free and workdays) reduced by 13 min while



social sleep restriction (difference in sleep duration on free and workdays) decreased
by 25 min compared to recollections of sleep patterns pre-lockdown. This was
indicative of a reduced mismatch between external (social) and internal (biological)
sleep–wake timing.
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By the end of March, well over 100 countries had either instituted full or partial
lockdowns. Self-reported later but longer sleep was also observed around the world,
e.g., in the US (Gao and Scullin 2020), Argentina (Leone et al. 2020), India (Sinha
et al. 2020), Scotland (Janssen et al. 2020), Greece, Switzerland, Austria, Germany,
France, and Brazil (Trakada et al. 2020), as well as regions in the Middle East and
North Africa (Cheikh Ismail et al. 2021). In a survey of 14,000 individuals across
11 countries, a multinational research team found that the most significant changes to
sleep patterns occurred in the first 14 days of lockdown, stabilizing at 1 month and
2 months, as individuals adapted to a new routine (AMHSI Research Team et al.
2020).

8.2.2 Evidence from Consumer Sleep Technology

Using consumer sleep technology (CST) observations of pre-pandemic sleep pat-
terns provided objective evidence for how sleep shifted during the lockdown and
following the lifting of restrictions. In China, where the outbreak started,
crowdsourced data from the SleepAsAndroid app of 563 users were analyzed from
Jan 2011 to Mar 2020 (Lee et al. 2020). Although sleep timings were manually
entered into the app in the majority, logging was temporally more proximate to sleep
than in survey-based reports. Sleep patterns in China changed drastically from Jan
23, 2020, when strict quarantine laws were implemented. Weekday sleep duration
increased by an average of 20 min while bedtimes were delayed by 30 min. In the
US, a similar digital diary-based Sleep Cycle app showed significant increases in
estimated sleep duration at the onset of the pandemic in major cities of London, Los
Angeles, New York City, Seoul, and Stockholm (Robbins et al. 2021).

Consumer sleep trackers enable objective recording of sleep over months or
longer. Our work assessed ~113,000 Oura users across 20 countries from Jan to
Jul 2020 and found that stricter lockdown measures (defined by the Oxford Gov-
ernment Response Tracker (Hale et al. 2021)) resulted in delayed mid-sleep times
(+0.09–+0.58 h) and reduced mid-sleep variability (-0.12 to -0.26 h) compared
with an equivalent period in 2019 (Ong et al. 2021a). Seasonality effects also
appeared to be modulated during the lockdown, with an apparent advance in the
onset of summertime in the Northern hemisphere and an apparent prolongation of
summertime in the South. In Singapore, where seasonal variation is minimal, we
showed similarly graded responses to lockdown severity utilizing Fitbit data from a
separate study. Comparing equivalent 3-week periods before the pandemic, with
increased restrictions, and during the lockdown, we observed greater delays in
bedtimes and waketimes, increased sleep duration, and decreased social jet lag and
social sleep restriction, particularly on weekdays (Ong et al. 2021b). We further



found that upon lifting of restrictions, sleep was affected by post-lockdown work
arrangements, with those who returned to the office reverting to earlier and shorter
sleep (Massar et al. 2022).
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In the US, data from 163,524 active Fitbit users across six major US cities
similarly showed that compared to 2019 patterns, sleep duration in 2020 was
increased in most age groups. The sleep phase was delayed, and bedtime variability
was reduced owing to decreased weekday-weekend differences (Rezaei and
Grandner 2021).

Using data from 599 individuals in France who wore the EEG-based Dreem
headband before and during the lockdown, Pepin et al. found that although partic-
ipants slept slightly more during the lockdown (~8 min), they had a less deep sleep,
more light sleep, and longer REM sleep (<5 min) (Pepin et al. 2021). In a follow-up
study ~7 months later during a period of partial lockdown where movement within
10 km was allowed, no significant changes to sleep schedules were observed in
comparison to pre-lockdown. Interestingly, there was a return to 2019 sleep patterns
occurring within 2 weeks of socioeconomic activity resumption (Pepin et al. 2022).

8.3 Mobility Restrictions Were Often Associated
with Poorer Quality Sleep

Subjective sleep quality is another dimension through which sleep is assessed. It
could be affected by uncertainty about the pandemic’s trajectory and worries about
one’s job and contraction of COVID-19 by oneself or loved ones. The increased
engagement with social media and news feeds close to bedtime could have further
delayed bedtime, giving rise to longer sleep onset latency and worsening sleep
quality. Additional factors negatively impacting sleep quality include a reduction
in morning light exposure, an increase in evening light exposure, and a reduction in
opportunities for physical activity (Wang and Boros 2019; Figueiro et al. 2017).

In Italy, a significant increase in the PSQI score was observed during the
lockdown, with no difference between students and workers (Cellini et al. 2020).
The proportion of poor sleepers with PSQI >5 increased from 40.5% to 52.4%. It
was proposed that the subjective elongation of time from boredom or the feeling of
being “stuck” contributed to decreased sleep quality in working adults. In Austria,
Germany, and Switzerland, overall sleep quality decreased, but only by 0.25 points
on a scale of 0–25 (Blume et al. 2020). The drop could have been attenuated by the
reduced social jet lag during this period. Poor sleep quality and increased sleep
disturbances were also reported elsewhere, e.g., in China (Huang and Zhao 2020),
the Middle East and North Africa regions (Cheikh Ismail et al. 2021; Salehinejad
et al. 2020), and in large multi-country surveys (Jahrami et al. 2021; Jahrami et al.
2022; Mandelkorn et al. 2021), with trends in 2021 being worse than in 2020
(Jahrami et al. 2022). However, a few reports also indicated no change (Leone



et al. 2020; AlRasheed et al. 2021) or even trends toward improvement (Gao and
Scullin 2020), indicating heterogeneity of changes to sleep quality.
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8.4 Pandemic Effects on Sleep in Older Adults

During the pandemic, elderly persons were flagged as being at higher risk of severe
symptoms, leading a majority to adhere to strict isolation that reduced social
interaction, including those with family members (Wu 2020). Elderly persons
were also less likely to adopt the digital tools that allowed vital social interactions
despite physical isolation (Song et al. 2021). Unsurprisingly many elderly reported
increased social isolation and loneliness, and a deterioration in the quality-of-life
(Sayin Kasar and Karaman 2021).

These adversities notwithstanding, older adults seemed to show less change in
sleep compared to younger adults or children/adolescents. A study by Rezaei and
Grandner (2021) examined the sleep records of 163,524 Fitbit users in the US. While
younger adults (18–29-year-old) showed increased sleep duration (7.7–11.1 min)
and delayed bedtime (23.7–24 min), the elderly (65+) had much more modest
changes (sleep duration: -1.1 to 0.8 min; bedtime delay: 8.4–11.1 min). Similarly,
Amicucci et al. (2021) found that the elderly (65–75-year-old) reported mostly
unchanged sleep timing (56.1% unchanged bedtime, 49.4% unchanged wake
time), while most younger participants (18–20-year-old) reported delayed bed
(74.6%) and wake times (74.2%). Sleep quality ratings were poor for both groups
(elderly: 63.7% poor; young: 60% poor), but insomnia ratings were lower for older
(60.5% reporting no insomnia symptoms) compared to younger participants (47.6%
having no symptoms). Further, the elderly reported lower depression and less stress
than younger participants. It therefore seems that despite their susceptibility to
adverse health outcomes, elderly persons may have experienced less impact on
their sleep routines. It was possible because of greater flexibility in time use, to
begin with, for example, not having to deal with work or childcare issues (Rezaei and
Grandner 2021). Elderly persons may also have had more life experience to develop
effective coping mechanisms to adapt to the pandemic (Amicucci et al. 2021).

8.5 Pandemic Effects on the Sleep of Children
and Adolescents

Another vulnerable age group was school-aged children and adolescents (Meherali
et al. 2021). With school closures and a shift to home-based learning this younger
age group experienced a major shift in their routines. Physical activity and social
interactions were drastically restricted due to pandemic safety measures (Bates et al.
2020; Rossi et al. 2021; Stavridou et al. 2020). Moreover, studies have reported a



large increase in time spent using electronic devices in this age group (e.g., com-
puters, tablets, smartphones) (Drouin et al. 2020; Dutta et al. 2020). Early in the
pandemic, it was recognized that these factors could strongly affect children and
adolescents’ sleep during restrictions (Becker and Gregory 2020).
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Studies examining children and adolescent sleep have reported a sizable shift
toward later and longer sleep during restrictions. A survey study among Italian
school children observed a delay in bedtime by 1 h and 18 min and a delayed
wake time by 1 h and 50 min, resulting in 32 min increase in TIB on average (Cellini
et al. 2021). Similarly, studies in adolescents found delayed bedtimes (by 15–36 min)
and wake times (by ~90 min), leading to an increase in sleep opportunity of 1 h or
more (Albrecht et al. 2022; Saxvig et al. 2022). These shifts were accompanied by a
reduction in social jet lag from 2 h 37 min to 1 h 53 min in 2020 (Saxvig et al. 2022)
which indicates better alignment with preferred sleep–wake timing on free days.
Studies examining a wide age range of children and adolescents demonstrated that
the shifts in sleep schedule were smaller in younger children (preschool age), and
were most pronounced in adolescents (Bruni et al. 2022; Illingworth et al. 2022; Lim
et al. 2021).

Reports of sleep quality changes during restrictions have been mixed. Some
studies observed a slight improvement in self or parent-scored sleep quality
(Albrecht et al. 2022; Lim et al. 2021), while others reported increased difficulties
falling and staying asleep, increased anxiety at bedtime, increased sleep onset
latency, and awakenings (Becker and Gregory 2020; Bruni et al. 2022). The changes
in sleep quality were also associated with quality-of-life scores, happiness levels,
social relationships, and loneliness. Less happy respondents, reported problems
getting along with household members and were lonely and more likely to report
worse sleep quality (Albrecht et al. 2022; Illingworth et al. 2022).

Adolescents, unlike college students, are still very much constrained by school
start times, which can begin as early as 7.30 am in Singapore. During the lockdown
period, remote/home-based learning arrangements allowed students to wake much
later as there was no longer a need to commute and get ready for school, and,
consequently, sleep duration increased, particularly in older adolescents/high school
students with later chronotypes. As with working adults, the reopening of schools
also saw the prevalence of insufficient sleep start to increase, with a nearly fourfold
increase for ninth-grade students in China (Lian et al. 2021).

In the US, a cross-sectional, nationwide sample of 5245 adolescents showed a
close link between instructional mode and sleep patterns, with the earliest bed/wake
times and shortest sleep duration observed for nights preceding in-person instruc-
tion, followed by online instruction, and then no instruction (Meltzer et al. 2021).
The authors also found that hybrid (online/in-person) instruction resulted in
increased night-to-night variability that could affect mood and behavior in the
long term.

Despite encouraging extensions to sleep duration, lockdowns were also generally
associated with increased depression, anxiety, loneliness, and poor sleep quality
(Naff et al. 2022). This was particularly true for the most vulnerable groups: persons
of lower socioeconomic status, those with preexisting disabilities and mental health



issues, and communities of color. Poor outcomes were compounded by reduced
access to school-based counselors during school closures. Remote learning arrange-
ments also significantly affected learning outcomes. In the Netherlands, despite
favorable factors, having a relatively short lockdown, equitable funding and wide-
spread broadband access, learning losses equivalent to one-fifth of a school year
were observed (Engzell et al. 2021). Persons from less-educated homes lost up to
60% more. Coupled with the stress and isolation of online learning, and lack of
student engagement, there was a profound sense of learning loss—not just academ-
ically but also socially and psychologically.
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8.6 Sleep-Related Characteristics

Another relevant dimension to assess inter-individual differences is how prior
individual sleep-related characteristics influence an individual’s response to pan-
demic restrictions. In the next sections, we outline two such characteristics:
preexisting insomnia and chronotype.

8.6.1 Preexisting Insomnia

The prevalence of insomnia symptoms increased during the pandemic (for review
see Mahmud et al. 2021; Cheshmehzangi et al. 2022). This could be related to
anxiety and stress brought about by the sudden challenges of pandemic life (e.g.,
home confinement, fear of contagion, economic hardship), and could have been
exacerbated by the loss of daily routines and reduced exposure to environmental
cues for circadian entrainment. Given these, we might expect patients with
preexisting insomnia to be especially affected by mobility restrictions. Instead,
findings have been mixed. In a survey across 67 countries, Meaklim et al. (2021)
reported that, out of 804 participants with preexisting insomnia, 41% reported no
change in symptom severity during the lockdown. 42.5% reported deterioration of
insomnia symptoms, while 16.5% reported improvement. Those with improved
symptoms had lower stress and anxiety scores. Similarly, Kocevska et al. (2020)
found that in participants without prior insomnia, there was an increase in symptoms
during the pandemic, while those with prior insomnia improved. In both studies,
improvements in symptoms were related to features of better mental well-being (i.e.,
lower anxiety and stress, lower negative affect). Further studies are needed to
delineate the factors that could have led to increased vulnerability versus improve-
ment (e.g., sociodemographic, economic, and/or cultural/geographic factors) (Bhat
and Chokroverty 2022).
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8.6.2 Chronotype

While mobility restrictions, by their very nature, restricted freedom, they also
provided some flexibility for time allocation. As many workplaces adapted to remote
work arrangements, office hours became less strictly stipulated. Moreover, not
having to commute freed up substantial time. Globally, sleep patterns shifted to
later timings and longer duration, during restrictions, and people relied less on alarm
clocks for waking up (Korman et al. 2020), allowing many to schedule their sleep
and wake closer to their biological circadian preferences. Several studies found that
individuals with an evening chronotype showed the largest shifts in sleep timing and
duration (Pepin et al. 2021; Marelli et al. 2021; Oved et al. 2021), and the greatest
reduction in social sleep restriction (measured as the extension of sleep duration on
weekends versus weekdays) (Bottary et al. 2022). Further support for this idea
comes from evidence that the association between chronotype on the one hand and
sleep quality and well-being on the other is moderated by work-from-home status
(Salfi et al. 2022). Pre-pandemic, persons with an evening chronotype generally
showed worse ratings of sleep quality and depression. However, this association was
less strong in individuals who worked from home during the pandemic, as compared
to those who continued to (or returned to) work in-person (Salfi et al. 2022).

In theory, the increased opportunity to obtain sufficient sleep and/or sleep
according to one’s circadian preference under mobility restrictions would benefit
health and well-being. However, empirical findings suggest the opposite. A survey
among university students in Bangladesh found that even though evening
chronotypes showed the largest delay in sleep timing, this shift was associated
with poorer mood and well-being (Hasan et al. 2022). Likewise, a large-scale
study across 15 countries showed that evening chronotypes showed the greatest
increase in sleep problems, insomnia symptoms, and nightmares, along with poorer
mental health (anxiety, depression, PTSD symptoms) during the pandemic
(Merikanto et al. 2022). In our work, we found that, for most people, actual sleep
timing was later than their self-reported preferred sleep timing, both during the
lockdown and after reopening (Massar et al. 2022). It is possible that the reduced
exposure to natural and social time cues suppressed circadian entrainment and
caused misalignment between internal and external night-day rhythms (Kahawage
et al. 2022a, b). Alternatively, negative outcomes of pandemic restrictions in evening
chronotypes could arise from socioeconomic differences. Merikanto et al. (2022)
found that more women were evening types than morning types, and evening types
were younger, had lower education, and had a higher percentage of financial
hardship. All these factors were markers for mental health problems during the
pandemic.
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8.7 Lessons for Post-pandemic Sleep Health

8.7.1 Hybrid Work

Improvements in video conferencing and existing long-distance collaborative work
have made hybrid working possible for some years now, but the pandemic obligated
its widespread adoption. As the foregoing material has illustrated, hybrid work has
meant time savings for some and greater flexibility in time allocation allowing for
sleep at more preferred times (Salfi et al. 2022). Hybrid work is fundamentally
asynchronous in that not all members of a work team need to be contactable or
engaged at any given time. This can allow workers to schedule activities more
according to their optimal timings with potential benefits for deeper focus and
working with less interruption (Volk et al. 2017). On the other hand, loss of
regularity of schedules can have collateral effects on sleep, and erosion of bound-
aries between work and non-work whereby employees are worn down by implied
obligations to answer calls, respond to emails or complete tasks outside traditional
work hours and across the entire week. One study reported that employees who
experience more blurring of work-life boundaries show higher emotional exhaustion
and can less effectively maintain healthy lifestyles (e.g., by disrupting sufficient
opportunities for relaxation and sleep) (Pluut and Wonders 2020). This was in turn
associated with reduced work performance. Whether remote work can be effectively
sustained further depends on organizational support and management practices (e.g.,
effective communication and coordination within virtual teams) (Vyas 2022;
Shockley et al. 2021; Breideband et al. 2022; Kniffin et al. 2021), individual qualities
(e.g., self-discipline/conscientiousness versus procrastination) (Wang et al. 2021;
Rocchi and Bernacchio 2022), as well as on situational factors (e.g., family structure,
care duties, housing situation) (Vicari et al. 2022; Costa et al. 2022).

To what extent remote work will continue to be adopted beyond the pandemic
remains to be seen. A large-scale Gallup poll conducted in the US in September 2021
showed that 45% of full-time employees worked from home either all (25%) or part
of the time (20%) (Saad and Wigert 2022). While these numbers have come down
slightly, there continues to be vigorous debate about the extent to which hybrid work
will remain with some business leaders decrying it while others embrace it (Savage
2021; Wingard 2022). At the same time, there is a growing call for continued remote
or hybrid work arrangements among employees in many sectors. As work arrange-
ments in some countries start to return to a pre-pandemic status quo, policymakers in
other countries have instated legislation to protect and regulate the need for remote
work beyond the pandemic (Senatori and Spinelli 2021; Baazil and Cras 2022). The
eventual success of hybrid work will require policymakers, businesses, and
employees to rethink how we can work more productively while staying well and
sleeping better (Lin et al. 2021).
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8.7.2 School Arrangements

While prolonged home-based/asynchronous learning has disadvantages because of
attendant social isolation and caregiving issues, creating an environment where
students can have an opportunity to better align their biological and social clocks
could benefit academic outcomes and well-being (van der Vinne et al. 2015). One
way this could be achieved is by delaying school start times. Proponents of later
school start times have long advocated this for its effects on sleep health, cognition,
and well-being (Minges and Redeker 2016; Winnebeck et al. 2020; Lo et al. 2018)
and these lockdowns have provided a front seat into how sleep health can improve in
this group if students are allowed to sleep in more. In addition, hybrid or blended
learning methods that incorporate both online and face-to-face instruction can
improve student success and satisfaction (Means et al. 2013) while preserving a
sense of community (Rovai and Jordan 2004). While fully online learning is
convenient and advantageous for motivated/advanced students to learn at a quicker
pace, the lack of interaction between peers and between instructor and student can
cause those less motivated to disengage and perform poorly (Artino Jr. and Stephens
2009). The most successful forms of blended learning also typically involve strong
institutional support and alignment with faculty and student goals in the design of
infrastructure and course planning (Moskal et al. 2013), but much of this has been
catalyzed by the pandemic. This can be further improved now that there are
opportunities to reconnect in the classroom for synchronous discussion and hands-
on collaborative work. Still, others can leverage upon institutions that have success-
fully transformed their educational programs and provide training and toolkits for
others to adopt (Moskal et al. 2013). These flexible learning environments will also
conceivably help students prepare for hybrid models of work when they leave the
school system.

Motivated students who exercise good time management can benefit significantly
from later start times and online learning at their own pace or in virtual groups
mimicking what they are likely to encounter later in life when hybrid work becomes
more common. Like with other instances where social disparities are widened by
crises, those in less conducive environments or those with poorer self-regulatory
ability, risk falling by the wayside without traditional in-person delivery of educa-
tion, and measures to enable these persons to adapt to future modes of education and
work are needed.

8.7.3 Setting Time Cues

A particular challenge for maintaining healthy sleep rhythms is when accustomed
social time cues are removed. During the pandemic, having to get up at a relatively
constant time to engage in prework preparation and then the commute disappeared
together with work-related mealtimes, returning home, and socializing with friends



and/or family. Failure to replace such zeitgebers will result in irregular rest-activity-
work and feeding rhythms that could be deleterious to sleep, health, and mental well-
being. Such practices could include sleep/waking at the same time every day, eating
meals at regular times, setting aside specific times daily for social activities, e.g.,
calls with a friend, ensuring natural light exposure (preferably in the morning), and
avoiding evening light exposure (e.g., through bright indoor lighting or electronic
screens) (Murray et al. 2021). Difficulty in retaining a scheduled routine not only
affects circadian regularity, but it might also compound it by inducing “bedtime
procrastination” (Oliveira et al. 2022). Rebuilding regular routines, on the other
hand, could help to restore a sense of self-control and predictability which can
benefit mental health (Hou et al. 2020).
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8.8 Conclusion

The pandemic provided an unprecedented opportunity to study how alterations to
social routines can affect sleep behavior. Mobility restrictions are now minimal in
most countries, and life is slowly returning to normal. The key question is whether
we fully reinstate pre-pandemic routines. Work-from-home and home-based learn-
ing arrangements that eliminate commute time allowed for longer sleep that was
better aligned with an individual’s chronotype. This had benefits on well-being.
Flexible or staggered arrangements could boost sleep in the evening types while
reducing overcrowding on public transportation and roads. In tandem, employers
should recognize that flexible work hours do not equate to unlimited work hours.
Delayed school start times particularly in older adolescents can result in longer sleep.
These structural measures that provide environments conducive to sleep are more
effective for shifting population behavior compared to efforts primarily directed at
instilling personal agency (Chaput 2019).
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Chapter 9
Sleep Disturbances and COVID-19
Vaccines

Daniela Santoro Rosa, Silvia Beatriz Boscardin, Gabriel Natan Pires,
Monica Levy Andersen, and Sergio Tufik

Abstract Sleep and the immune system have a bidirectional relationship, as sleep
can strengthen the immune system to achieve balanced and effective immune
function, while immune system activation may affect sleep. One of the most relevant
topics in this interplay is the effects of sleep disturbances on the immune response to
vaccination. The effect of sleep disturbances (including sleep deprivation, sleep
restriction, insomnia, and shift work) on the vaccine response has been tested for
several diseases, including flu, hepatitis A/B, and meningitis, and in most cases, it
leads to a reduced post-vaccination antibody titer. Given these results and consider-
ing the COVID-19 pandemic, it has been wondered if sleep disturbances could
reduce antibody titers or otherwise reduce the vaccinal response against SARS-
CoV-2. The results available so far demonstrate that obstructive sleep apnea among
older adults does not lead to reduced antibody titers after vaccination against
COVID-19. Regarding circadian rhythmicity, mixed findings were observed when
considering the time of the day of COVID-19 vaccination. No studies have been
performed regarding sleep deprivation, sleep restriction, or insomnia. In summary,
substantial evidence demonstrates that sleep plays an important role in immune
system homeostasis and its effects on infection control and vaccine effectiveness.
Although the theoretical background suggested sleep disturbances might reduce
immune response after vaccination against COVID-19, the current results do not
allow concluding it. The effects of sleep on the outcome of COVID-19 and SARS-
CoV2 immune responses are still to be better explored, especially concerning
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conditions that are more classically related to reduced vaccination response (includ-
ing sleep deprivation and insomnia).
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9.1 Sleep and the Immune System

Sleep science has evolved dramatically in the past few decades, demonstrating the
profound importance of sleep for nearly every system in the body. In addition,
immune system homeostasis is critical for overall health. Sleep and the immune
system have a bidirectional relationship (Besedovsky et al. 2019; Irwin 2019), as
sleep can strengthen the immune system to achieve balanced and effective immune
function, while immune system activation may affect sleep. The mechanisms by
which sleep and its disturbances influence the immune response are not yet fully
understood but are the subject of continuous investigation.

The hypothalamic-pituitary-adrenal (HPA) axis through the production of gluco-
corticoids and the central nervous system (CNS) through the production of cate-
cholamines are the main effector systems that link sleep and immunity. However,
other neuroendocrine signals, such as melatonin, prolactin, and growth hormone
(GH), also regulate the immune response (Dantzer 2018). Physiological concentra-
tions of glucocorticoids are essential for immune homeostasis, but, in excess, they
can be potent immunosuppressors. Cortisol (or corticosterone in rodents), produced
by the adrenal glands, is the main glucocorticoid involved in the regulation of the
immune response. While, under physiological conditions, cortisol inhibits the tran-
scription of pro-inflammatory genes (Petta et al. 2016), its excess inhibits leukocyte
proliferation and function, inducing apoptosis (Quatrini and Ugolini 2021).

In humans, sleep disturbances cause persistent activation of the HPA axis, which,
in turn, can cause immune cells to become resistant to glucocorticoids. For example,
in individuals with insomnia, it is possible to notice an increase in the activation of
the HPA axis and, consequently, an increase in inflammatory biomarkers (Floam
et al. 2015; Irwin and Piber 2018). According to this notion, persistent sleep
disturbance leads to sustained activation of the inflammatory response, which can
be damaging to the host (Irwin 2019). In fact, in a meta-analysis of ~50,000 adults,
sleep disturbances were associated with higher levels of C-reactive protein (CRP)
and IL-6 (Irwin et al. 2016). Inflammatory markers such as IL-6, TNF-α, and
C-reactive protein (CRP) appear as potential biomarkers that associate sleep duration
and mortality (Hall et al. 2015).

As stated above, sleep affects a wide spectrum of immunological parameters, and,
thus, it is not surprising that lack of sleep has been associated with alterations in the
innate and adaptive responses, influencing susceptibility to pathogens, the course of
an infection, as well as the immune response to vaccination (Besedovsky et al. 2019;
Garbarino et al. 2021). In addition to medical concerns, factors primarily associated
with the modern 24/7 society contribute to the current phenomenon of chronic sleep
deprivation (Zomers et al. 2017).
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Studies in animal models have shown that sleep manipulation influences the
course of an infection. By prolonging the duration of sleep in Drosophila through
a genetic approach, it was possible to observe greater resistance to bacterial infection
and survival (Kuo and Williams 2014). In animal models of sepsis, sleep disruption
caused by fragmentation of sleep, intermittent hypoxia, or rapid eye movement
(REM) sleep deprivation led to high mortality after septic challenge. Similarly,
mice subjected to sleep deprivation and subsequent infection with a malaria parasite
had higher mortality. In the case of Plasmodium infection, the mechanisms involved
include exacerbated production of glucocorticoids, inhibition of follicular helper T
(Tfh) cell differentiation, and consequently reduced production of specific anti-
bodies. The combination of sleep deprivation and infection resulted in an additive
effect on glucocorticoids synthesis, and chemical inhibition of this exacerbated
glucocorticoid synthesis reduced mortality, and restored immune effector functions,
suggesting a role of HPA axis hyperactivation in impairing the host immune
response under sleep deprivation (Fernandes et al. 2020). It has already been
described that prolonged sleep deprivation can lead to the translocation of commen-
sal bacteria from the intestine (e.g., P. aeruginosa, K. pneumoniae, and S. aureus) to
other tissues thus causing generalized infections (Krueger and Opp 2016).

In humans, many studies evaluated sleep time and susceptibility to infection and
convincingly showed an association between the two variables (Besedovsky et al.
2019; Bryant et al. 2004). A study using a rhinovirus infection model indicated that
individuals who slept ≤6 h per night (short sleepers) were at higher risk of devel-
oping clinical symptoms of upper respiratory infection (Prather et al. 2015). Short
sleepers (<5 h) were more likely to report colds and infections, including influenza,
pneumonia, and ear infections (Prather and Leung 2016). In adolescents, reduced
sleep duration was associated with a greater number of disease-related events, such
as gastroenteritis, cold, and flu (Orzech et al. 2014). There is epidemiological
evidence to suggest effects on morbidity and mortality in individuals who are
sleep deprived. Participants with less than 7 h of sleep were 2.94 times more likely
to develop a cold when infected with rhinovirus than those with 8 h or more of sleep.
Furthermore, a shorter duration of sleep in the weeks preceding exposure to a
rhinovirus was associated with lower resistance to the disease (Cohen et al. 2009).
Similarly, patients with sleep disturbances exhibited a 1.2-fold higher risk of herpes
zoster infection than did the comparison cohort (Chung et al. 2016).

A cohort of nearly 57,000 women, who reported sleeping less than 6 h a night,
had a significantly higher risk of developing pneumonia compared to those who slept
8 h a night (Patel et al. 2012). From an evolutionary point of view, increased sleep
time in mammals has a protective effect, as it is associated with a greater number of
immune cells with consequent infection control (Preston et al. 2009).
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9.2 Sleep and Vaccination

Vaccination is the most effective and long-lasting strategy to prevent diseases at all
stages of life. The goal of a vaccine is to induce a specific immune response after the
administration of an attenuated, inactivated pathogen or its subunits (peptide, pro-
tein, DNA, and mRNA). Vaccines induce pathogen-specific humoral and cellular
immune responses by mimicking infection without causing pathology. In almost all
vaccines, neutralizing antibodies are the best immunological correlates of protection
(Pollard and Bijker 2021). Figure 9.1 depicts the main vaccine mechanisms of
action.

In contrast to the abundance of data on the impact of natural and experimentally
induced sleep disturbances on immunological parameters, few studies have investi-
gated its direct effect on the immune response to vaccination (Besedovsky et al.
2019). In this context, the first study in humans examined the influence of sleep
restriction (4 h per night) on influenza vaccination. Analysis of the humoral immune
response showed a more than 50% reduction in specific antibody titers in the sleep-
restricted group compared to subjects with regular sleep (Spiegel et al. 2002).
Another study involving adults with and without insomnia observed that insomniacs
developed significantly lower levels of antibodies against influenza 4 weeks after
vaccination, demonstrating the impact of chronic sleep deprivation on the develop-
ment of the specific humoral immune response (Taylor et al. 2017). Other studies
pointed out that a single night without sleep after vaccination against hepatitis A
(HAV), hepatitis B (HBV), and H1N1 (swine flu) significantly reduced the specific

Fig. 9.1 Vaccine mechanism of action. After vaccine administration into the muscle, the vaccine
antigen is taken up by dendritic cells, which become activated. Then, dendritic cells migrate to
draining lymph nodes and present the antigen for T cells. The interaction between CD4+ T and B
cells occurs (help effect), leading to the maturation of the antibody response (increase antibody
affinity and induce different antibody isotypes). Over the next weeks, plasma cells secrete vaccine-
specific antibodies that can be detected in serum. Long-lived plasma cells and memory B cells are
generated



antibody response to these vaccines (Lange et al. 2003, 2011; Benedict et al. 2011).
In addition, sleep has been considered to influence the number of HAV-specific
IFNγ-producing CD4+ T cells (Lange et al. 2011). Another study using the hepatitis
B vaccine reported that shorter sleep was associated with a lower antibody response
and predicted a decrease in clinical protection against hepatitis B 6 months after
vaccination (Prather et al. 2012). It seems that the pro-inflammatory environment
induced during sleep acts as an adjuvant that facilitates the transfer of antigenic
information from antigen-presenting cells (e.g., dendritic cells) to antigen-specific T
cells. More recently, short sleep two nights before influenza vaccination is associated
with a lower humoral response (Prather et al. 2021). Using night shift workers as a
natural model of sleep restriction, our group also observed a reduction in the humoral
immune response after immunization against meningococcus C. Furthermore, the
night workers presented a decrease in the duration of the N3 stage and REM sleep,
increased inflammatory mediators (TNF-α and IL-6), reduced CD4+ T lymphocytes
and plasmacytoid dendritic cells, reduced prolactin levels, and increased regulatory
T cells and IL-10 levels (Ruiz et al. 2020). Altogether, these results suggest that sleep
provides essential support for the development of a protective vaccine immune
response.
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Fig. 9.2 Vaccine-induced
antibody titers in individuals
with regular sleep compared
to individuals with sleep
disturbances

In addition to sleep, circadian rhythms regulate different aspects of the immune
response. The central circadian clock is located in the suprachiasmatic nucleus
(SCN) of the hypothalamus and synchronizes the synthesis and secretion of cate-
cholamines, which leads to the control of immune cell trafficking. In turn, the
immune system feeds back through cytokine and chemokine production (Imeri
and Opp 2009). Several immune cells and molecules (e.g., cytokines and inflamma-
tory markers) exhibit circadian rhythmicity (levels fluctuate cyclically over 24 h) (for
a detailed review, see Haspel et al. 2020). For this reason, it has been suggested that
morning vaccination induces a higher antibody response than afternoon vaccination
(Phillips et al. 2008; Long et al. 2016). On the other hand, some studies did not find a
clear association between these parameters (Kurupati et al. 2017; Anna et al. 2022).

Sleep disturbances, such as sleep restriction, and sleep fragmentation, among
others, seem to reduce the vaccine-specific humoral response (Fig. 9.2). Together,
these findings link sleep duration with vaccine-induced effector immune response



and suggest that sleeping the nights before and after immunization is essential to
ensure vaccine effectiveness.
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9.3 COVID-19 Pandemic and Sleep

As the coronavirus disease 2019 (COVID-19) pandemic continues, its causative
agent, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
presented numerous and continuing challenges to the scientific community. Despite
the new therapies and vaccines that have been and are being evaluated, the contagion
returns wave after wave. The pandemic altered the daily life of many people, causing
stress, anxiety, and grief, but also affecting sleep patterns and quality. It is estimated
that around one in ten people has reported sleep problems during the COVID-19
pandemic (Jahrami et al. 2021).

A meta-analysis indicated a prevalence of 31% of sleep problems among
healthcare workers, 18% among the general population, and 57% among COVID-
19 patients (Alimoradi et al. 2021). For this reason, portmanteaus, such as
Coronasomnia or COVID-somnia, have been used to encompass the myriad of
sleep problems. For instance, it has been raised as main conditions: insomnia,
nightmares, changes in the sleep–wake cycle (later bedtimes, increased time in
bed, the emergence of napping), complaints in sleep patterns, and excessive daytime
sleepiness due to reduced nighttime sleep (Gupta and Pandi-Perumal 2020; Bhat and
Chokroverty 2022). Furthermore, sleep problems were more common among
healthcare workers working on the front line due to increased workload, duration
of shifts, and changes in shifts (Bhat and Chokroverty 2022; Lai et al. 2020; Ishikura
et al. 2021).

SARS-CoV2 infection can produce systemic inflammation with massive infiltra-
tion of pro-inflammatory monocytes and neutrophils (Ramos-Casals et al. 2021) and
the release of inflammatory mediators (e.g., TNF-α, IL-6, and CRP) that are known
to affect sleep, and vice versa (Irwin 2019; Ibarra-Coronado et al. 2015). As stated
above, sleep disturbances also induce an inflammatory environment. Hence, it is
plausible to suggest a mechanistic link between sleep disorders and COVID-19
infection. So far, sleep disorders, poor sleep quality, and sleep deprivation have
been associated with negative COVID-19 outcomes (Li et al. 2021; Mello et al.
2020). For example, obstructive sleep apnea (OSA) is a risk factor for more severe
outcomes from SARS-CoV-2 infections, such as admission to the ICU, mechanical
ventilation, and death (Tufik et al. 2020; McSharry et al. 2020; Strausz et al. 2021).
These associations may be more relevant among older adults (Pires et al. 2021a),
who are at increased risk of severe COVID-19 and present a high prevalence of OSA
(Tufik et al. 2010; Pires et al. 2021b). In addition to inflammation, COVID-19 and
OSA share common risk factors, such as cardiovascular disease, obesity, diabetes,
hypertension, and male sex (Salles and Mascarenhas Barbosa 2020). In individuals
with untreated OSA, the risk of developing COVID-19 was more than double (Najafi
et al. 2021). Another study found that among patients with COVID-19, OSA was



associated with an increased risk of hospitalization and approximately double the
risk of developing respiratory failure (Maas et al. 2021). There is an increased
mortality rate in patients with confirmed cases of COVID-19 and OSA (11.7% in
participants with OSA vs. 6.9% in non-OSA) (Cade et al. 2020).
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Fig. 9.3 Influence of different sleep disturbances on vaccine-specific immune responses

Since good sleep builds and improves the immune system, both quantitatively
and qualitatively, this could be extrapolated to COVID-19 vaccinations. Protection
induced by currently available vaccines against the SARS-CoV-2 virus is based
primarily on the production of neutralizing antibodies (Jeyanathan et al. 2020). As
stated above, sleep disturbances can affect immune responses after vaccination.
Therefore, sleep may function as a natural immune adjuvant for COVID-19 vacci-
nation (Benedict and Cedernaes 2021). For instance, until now, only one study has
evaluated the influence of OSA on the antibody response after COVID-19 vaccina-
tion. In this work, anti-SARS-CoV-2 antibodies were analyzed among older adults
who underwent full-night type-I polysomnography (PSG) and received the
CoronaVac (Sinovac Biotech) or ChAdOx1 nCoV-19 (AstraZeneca/Fiocruz)
COVID-19 vaccines. The results demonstrated that the increase in OSA severity
did not lead to a decrease in anti-SARS-CoV-2 IgG levels, and, therefore, the
efficiency of COVID-19 vaccines is not reduced from mild to severe OSA (Tufik
et al. 2022). As observed in COVID-19/OSA, other sleep disturbances have also
been associated with reduced immune responses to different vaccines (Fig. 9.3).

Regarding circadian rhythmicity, mixed findings were observed when consider-
ing the time of the day of COVID-19 vaccination (Zhang et al. 2021; Barnoud et al.
2021; Matryba et al. 2022; Wang et al. 2022). One study did not find significant



differences in antibody titers between morning and afternoon vaccination after two
doses of the mRNA-based BNT162b2 vaccine (Matryba et al. 2022). On the other
hand, others observed significant differences after the administration of an
inactivated vaccine (BBIBP-CorV, Sinopharm) (Zhang et al. 2021), mRNA- or
adenovirus-based vaccines (Wang et al. 2022) during morning or afternoon. Inter-
estingly, participants who received the inactivated vaccine in the morning presented
a higher antibody response, a twofold higher level of neutralizing antibodies, and a
higher frequency of antibody-secreting cells, as well as higher frequencies of mono-
cytes, dendritic cells, memory B cells, and Tfh cells (Zhang et al. 2021; Barnoud
et al. 2021). Another study carried out with healthcare workers who received either
the mRNA-based BNT162b2 or the adenoviral ChAdOx1 nCoV-19 (AstraZeneca)
showed that participants vaccinated late in the afternoon presented higher anti-Spike
antibody levels (Wang et al. 2022). These contradictory results may reflect differ-
ences in vaccine type (inactivated whole virus, mRNA, adenovirus), antigen in the
vaccine (T-dependent or independent), number of days after vaccination, number of
doses administered before sample collection, time of sample collection, age, health
status, sleep patterns, and shiftwork of participants (Anna et al. 2022). Additional
studies will be necessary to better understand the relationship between the time of
vaccine administration and the induction of an immune response.
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In summary, substantial evidence demonstrates that sleep plays an important role
in immune system homeostasis and its effects on infection control and vaccine
effectiveness. The effects of sleep on the outcome of COVID-19 and SARS-CoV2
immune responses are still poorly explored.
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Chapter 10
Structural Inequity and Racial/Ethnic
Disparities in Sleep Health During
the COVID-19 Pandemic

Dana M. Alhasan, Symielle A. Gaston, and Chandra L. Jackson

Abstract The onset of the coronavirus disease of 2019 (COVID-19) pandemic and
resulting global lockdowns, hospitalizations, and increased unemployment rates
have disproportionately affected minoritized racial/ethnic groups, which likely exac-
erbated existing racial/ethnic disparities in sleep health around the world. In this
chapter, we summarize research findings that describe various dimensions of sleep
health by race/ethnicity, globally, before and during the ongoing pandemic. Under-
standing that structural inequities impact sleep-health disparities, we also describe
the existing literature on racial/ethnic disparities in sleep during the COVID-19
pandemic from a socioecological perspective at the individual, household, commu-
nity, and societal levels. We also identify salient research gaps, such as limited
objectively measured sleep data, a lack of intersectionality being investigated, and
few public health interventions employed. Considering these literature gaps and
limitations, we provide future research directions, promote the need to employ an
intersectional perspective, as well as, a health equity or structural racism lens, and
discuss the importance of multilevel, multi-pronged interventions that can improve
sleep health across socially disadvantaged groups.
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10.1 Overview of Racial/Ethnic Disparities in Sleep Health
Before the COVID-19 Pandemic

A health disparity is considered “a health difference that adversely affects defined
disadvantaged populations, based on one or more health outcomes” (Duran and
Perez-Stable 2019). Health outcomes are typically considered preventable and
socially unjust because differential exposure to environmental and social problems
can lead to observable biological differences (Braveman 2014). As designated by the
National Institutes of Health, groups disproportionately affected by health disparities
in the United States (US) include (but are not limited to): Blacks/African Americans;
Hispanics/Latinos; Native Americans/Alaskan Natives; Asian Americans; Native
Hawaiians and other Pacific Islanders; socioeconomically disadvantaged
populations; underserved rural populations; and minoritized sexual or gender groups
(Duran and Perez-Stable 2019). Health outcomes referenced in the definition of
health disparities include higher disease incidence or prevalence as well as the earlier
onset and/or more aggressive progression; greater global burden of disease, such as
disability-adjusted life years as measured by population health metrics; premature or
excessive mortality from specific health conditions; poorer health behaviors and
clinical outcomes that have been related to the aforementioned information; and
worse outcomes on even self-reported measures that have been validated and reflect
daily functioning or condition-specific symptoms (Duran and Perez-Stable 2019).
To achieve the goal of eliminating health disparities, health equity must be achieved,
which is considered “the assurance of the conditions needed for optimal health
among all people regardless of social group membership (Jones 2000).” This goal
would require: “(1) valuing all individuals and populations equally—that is, there
are no invisible, undervalued, or disposable people; (2) recognizing and rectifying
historical injustices; and (3) providing resources according to need—not equally, but
according to need (Jones 2000).”

It is important to note that race is a social construct that assigns categories to
individuals who appear phenotypically (e.g., skin color; hair texture; facial features)
similar while ethnicity is based on shared culture or customs often common to a
particular geographic area (Flanagin et al. 2021). Hence, race/ethnicity is not a
marker that denotes genetic differences across populations, but rather a marker of
relative social disadvantage or advantage resulting from historical and contemporary
forms of structural racism (Bailey et al. 2017). Related to relative disadvantage and
advantage, studies of sleep disparities by race/ethnicity often reflect deleterious
manifestations of disadvantage or marginalization among minoritized racial groups
(Johnson et al. 2019; Jackson et al. 2015).

A review summarizing the published scientific literature on racial/ethnic dispar-
ities in sleep health prior to the COVID-19 pandemic indicates that—in the US—
minoritized racial/ethnic groups compared to White Americans are generally less
likely to get the recommended duration of sleep (Johnson et al. 2019; Liu et al. 2016;
McElfish et al. 2021). Lower sleep efficiency also appears more prevalent among
minoritized racial/ethnic groups (Williams et al. 2015). Furthermore, minoritized



groups generally spend less time in slow wave sleep, which is considered the most
physiologically restorative stage (Mezick et al. 2008). Studies have also found a
higher likelihood of circadian misalignment, more excessive daytime sleepiness, as
well as more variability in sleep timing among minoritized racial/ethnic groups
(Patel et al. 2015). Minoritized racial/ethnic groups are also generally less likely to
report sleep complaints although objectively measured sleep data commonly indi-
cates worse sleep compared to their White counterparts (Jackson et al. 2018, 2020;
Grandner et al. 2010). Furthermore, Black or African Americans, Hispanics/Latinos,
and Asians (who appear particularly susceptible) have an especially high prevalence
of obstructive sleep apnea although the condition is largely underdiagnosed,
untreated, and more severe among these groups compared to their White counter-
parts (Chen et al. 2015). Although the findings are mixed and methodological
limitations can influence data, White adults appear generally more likely to have
insomnia (Jean-Louis et al. 2007).
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10.1.1 Documented Early Life Sleep Disparities Before
the COVID-19 Pandemic

Before the COVID-19 pandemic, it has been shown that racial/ethnic disparities in
sleep emerge in infancy (Yu et al. 2021) and persist over the life course (Johnson
et al. 2019; Taveras et al. 2010). For example, Black and Hispanic/Latino infants
compared to White infants have been shown to exceed a threefold and 2.5-fold
higher odds of not getting the recommended amount of at least 12 h of sleep,
respectively (Taveras et al. 2010). Nightly and 24-h sleep duration that was con-
firmed to increase between 1 and 6 months of age increased less among
non-Hispanic (NH) Black and Hispanic/Latino compared to NH-White infants in a
study of 306 Asian, NH-Black, Hispanic/Latino, and NH-White infants in the USs
(Yu et al. 2021). Differences were largely explained by markers of socioeconomic
status (i.e., annual household income, and maternal educational attainment). A
systematic review of US literature investigating the relationships between race/
ethnicity and various sleep variables (i.e., bedtime, bedtime consistency, use of a
bedtime routine, nocturnal sleep duration and quality, sleep efficiency) among
preschool children identified nine studies (Smith et al. 2019). The authors found
that White children in the study tended to go to bed earlier, have more regular
bedtime consistency, and were more likely to use a bedtime routine than children of
other races. The authors also found that White children compared to children of color
had longer nocturnal sleep duration and spent more time in Stage 1 sleep (i.e.,
non-rapid eye movement sleep). Sleep efficiency was lower among minoritized
compared to White children. Moreover, compared to White children who were
5 years old, their Black counterparts took longer naps and were more likely to take
naps. Some studies related to total sleep over 24 h found similar sleep duration for
White and Black children but higher sleep duration for Hispanic/Latino children and



children of “other” races while other studies reported that White children—daily—
tended to sleep longer than Black children.
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A literature review examined the results of 23 studies investigating racial/ethnic
sleep disparities among US school-aged children and adolescents (aged 6–19 years)
before the COVID-19 pandemic (Guglielmo et al. 2018). Each eligible study found
disparities for at least one sleep characteristic, including sleep duration, wake time,
bedtime/sleep onset, efficiency, daytime sleepiness, sleep/wake problems, quality,
fragmentation, and night-to-night variability. Most of these studies used self-
reported sleep data (n = 17) while some used objective measures (n = 4) (i.e.,
polysomnography and wrist actigraphy), and both subjective and objective measures
were used in two studies. Most studies investigated sleep duration and generally
found that White children slept longer than Black and Hispanic/Latino children.
Although data on Asian children were limited, the review found that Asian children
slept less than White children but longer than Black and Hispanic/Latino children.
Similarly, studies with measured wake and bed times also documented racial/ethnic
disparities in that minoritized groups had later bedtimes than White children.
Conversely, the included studies that measured sleep/wake problems reported
more frequent sleep/wake problems among White adolescents than their minoritized
counterparts. When results were stratified by children (aged 6–13 years) and ado-
lescents (aged 14–19 years), racial/ethnic disparities were also found. The literature
review found that sleep tended to worsen as children’s age increased. For example,
the percentage of children’s sleep insufficiency increased by 15% across racial/
ethnic groups, which underscores the importance of intervening early in life.
Because several of the studies are older (i.e., nine published before 2010), sleep
disparities may have worsened among current children and adolescents over time
due to, for instance, new technologies (e.g., handheld electronic devices), and
ongoing public health crises (e.g., COVID-19 pandemic, climate change, state-
sanctioned war) (Guglielmo et al. 2018).

10.2 Racial/Ethnic Disparities in Sleep During
the COVID-19 Pandemic

Adults and children around the world have had to adapt to changes in their typical
daily lives during the coronavirus disease of 2019 (COVID-19) pandemic lock-
downs, which started to varying extents in almost all countries across the world in
March 2020 (Onyeaka et al. 2021). There were documented changes in where
individuals lived and how people worked as well as engaged in recreational activ-
ities, which could all affect sleep health (Violant-Holz et al. 2020; Stockwell et al.
2021). There is evidence—even from early in the pandemic—that the health and
social consequences of the virus such as joblessness, hospitalizations, and an
increased death rate have disproportionately burdened disadvantaged communities
(Luck et al. 2022). A recent meta-analysis of 250 studies from 49 countries that did



not assess racial/ethnic disparities reported higher levels of sleep disturbances during
versus before the pandemic, disproportionately impacting those infected with
COVID-19, older adults, children, and healthcare workers (Jahrami et al. 2022). It
is plausible that minoritized racial/ethnic groups would be more socially vulnerable
to COVID-19 due to historical and contemporary forms of, for instance, racial
residential and labor market segregation, which have resulted in minoritized groups
being more likely to be essential workers and in positions that were low-wage and
without worker protections (e.g., paid sick leave) (Krieger 2020; Williams et al.
2022; Jackson and Johnson 2020). Minoritized groups are also more likely to use
public transportation and live in substandard multifamily units with poor ventilation,
exacerbating existing health conditions including poor sleep and consequently
existing inequities (Abraham et al. 2021). The COVID-19 pandemic’s negative
impact across communities globally reveals health, social, and economic inequities
disproportionately burdening minoritized racial/ethnic groups. The observed racial/
ethnic inequities are reinforced by structural racism, a system of policies, norms or
customs, and practices that advantage one group over a different group (Bailey et al.
2017).
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The objective of this chapter is to summarize—from a socioecological
perspective—the existing literature on racial/ethnic disparities in sleep health during
the COVID-19 pandemic. We summarize findings from studies published by May
2022, and generally among adult populations. Data that were not published in the
English language as well as results focused on special populations (e.g., pregnant
women) were not included. In this review of the literature and consistent with the
terminology used in the United States, the terms “White” and “non-Hispanic White”;
“African American,” “Black,” “non-Hispanic Black,” and “Black/African Ameri-
can”; and “Hispanic/Latino(a)” and “Latino(a)(x)” will, hereafter, be used
interchangeably.

Studies investigating racial/ethnic disparities in sleep during the COVID-19
pandemic were primarily conducted in the United States (followed by the United
Kingdom and Canada) and surveyed mainly adult participants. Studies were largely
cross-sectional, relied on self-reported sleep measures, and had limited generaliz-
ability due to, for instance, nonrandom sampling and online survey modalities within
target populations, which may not capture a representative sample including socially
under-resourced individuals (Cobb et al. 2022; Yip et al. 2021; Simonelli et al. 2021;
Zhang et al. 2022a). Nonetheless, studies overall suggested there was persistent and
exacerbated racial/ethnic sleep-health disparities during the period of the pandemic
studied (Cheng et al. 2022; Troxel et al. 2022; John-Henderson et al. 2021; Bann
et al. 2021). The literature we identified among US populations assessed either sleep
health within understudied populations or racial/ethnic disparities across multiple
sleep dimensions, including sleep duration, sleep quality, sleep disturbances, and
sleep disorders such as insomnia along with its severity. Among a sample of White
(n = 148) and Black (n = 48) adults enrolled in the longitudinal Sleep to Prevent
Evolving Affecting Disorders trial who previously received insomnia treatment
(2016–2017) in Michigan, data suggested that racial/ethnic disparities in insomnia
grew disproportionately among Black compared to White adults during the



pandemic (Cheng et al. 2022). Conversely, a descriptive study of White and His-
panic/Latino men and women (n = 2040) suggested Hispanic/Latino race/ethnicity
as a protective factor against the progression of worse sleep quality over the
pandemic (French et al. 2022). Similarly, another study found that associations
between more COVID-19 experiences and insomnia severity were stronger among
White adults compared to People of Color (Dzierzewski et al. 2022).
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Longitudinal descriptive studies among minoritized populations offered addi-
tional insight into the impacts of the COVID-19 pandemic on sleep health over
time among understudied populations in the United States. Using data from surveys
administered among American Indian/Alaskan Native (AI/AN) adolescents in Cal-
ifornia between March 2019 and 2020 as well as May to September 2021, changes in
self-reported sleep included delays in bed- and wake times, increases in sleep
duration, and increases in sleep disturbance (Troxel et al. 2022). Across four
waves of data collection from August to November of 2020 among Blackfeet
AI/AN adults in Montana, sleep-health scores assessed through the sleep health
scale known as RU-SATED decreased from August to October followed by
improvement in sleep health from October to November (John-Henderson et al.
2021). While sleep duration appeared to increase, detrimental impacts on sleep
quality may persist.

Cross-sectional studies consistently found that minoritized groups compared to
NH-White groups encountered greater COVID-19-related psychosocial stress,
which may contribute to poor sleep, although these studies were inconsistent
regarding sleep outcomes. For example, using population-based data from the Pew
Research Center, a study found no varying associations between COVID-19
stressors and sleep troubles by race/ethnicity, although the study reported Black
and Latino adults had higher levels of COVID-19 threat than White adults (Cobb
et al. 2022). The COVID-19 Southern Cities Study consisting of a population of
1688 male and female residents of four major cities in the southern United States also
reported no differences in self-reported trouble sleeping May to June 2020 among
minoritized groups compared to NH-White adults (Goldmann et al. 2021). Similarly,
a large cross-sectional study of US adults (n = 4542; 93% White and 7% Black)
conducted from April to May 2020 found no differences in self-reported changes in
sleep duration during the pandemic among Black compared with NH-White adults.
However, the investigators did find disproportionate changes to employment and
household income among Black compared with NH-White adults (Sparks et al.
2022). Comparably, a more diverse cross-sectional study among 473 US women
who self-identified as AI/AN, Asian/Pacific Islander, Black/African American,
Hispanic/Latina, Multiracial, NH-White, or some other race/ethnicity also reported
that select stressors (e.g., food insecurity, financial hardship) were more common
among minoritized compared to NH-White women (Stockman et al. 2021). Further,
there were racial/ethnic differences in sleep. Compared to NH-White women, Asian/
Pacific Islander and AI/AN women had higher odds, Hispanic/Latina women had
similar odds, and Black/African American women had lower odds of self-reported
sleep loss due to worrying about COVID-19 between May and June 2020 (Stockman
et al. 2021). Racial/ethnic differences in sleep quality, as well as sleep duration, were



also found among 547 Asian, Black/African American, Latinx, and White young
adults who completed the Pittsburgh Sleep Quality Index (PSQI) during April 2020.
Specifically, Black/African American young adults had the shortest sleep duration
and poorer sleep quality compared to Asian young adults (Yip et al. 2021). Structural
inequities, such as being employed as an essential worker or COVID-19 victimiza-
tion distress, were also considered as potential explanations for the observed dispar-
ities in this study (Yip et al. 2021).
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Similarly, changes in sleep duration during COVID-19 (compared to
pre-COVID) were found to be larger among ethnic minorities compared to White
adults across four age cohorts in the UK (Bann et al. 2021). In a separate longitudinal
study of participants aged 16 years and older in the UK, Black and Asian participants
were also found to have higher odds of sleep loss compared to White counterparts;
however, the association became inversed after adjustment for sociodemographic
and mental health characteristics (Falkingham et al. 2022).

There was also one notable cross-sectional descriptive study of sleep among a
visible minoritized population in Israel (Ghanamah and Eghbaria-Ghanamah 2021).
Among 382 visible minoritized children (i.e., Arab Palestinian) aged 5–11 years in
Israel, parents of approximately 40% of the children reported new sleep problems
during the COVID-19 pandemic as of December 2020. While the authors suggested
potential cultural differences to compare between Israeli Jewish and Palestinian Arab
children in future research (Ghanamah and Eghbaria-Ghanamah 2021), structural
inequity is also likely to play a role given over 60 laws have shown to negatively
impact Arab Palestinians (Adalah: The Legal Center for Arab Minority Rights in
Israel 2019).

10.3 Sleep Disparities During the COVID-19 Pandemic
from a Socioecological Perspective

10.3.1 Individual Level

Multiple social categories (e.g., race, ethnicity, gender, sexual orientation, socioeco-
nomic status, immigration status, disability) intersect at the individual level from
structural systems of oppression (e.g., racism, sexism, heterosexism) impacting
health (Bowleg 2012). Therefore, other social determinants of health along with
race/ethnicity should be considered to adequately address COVID-19-related sleep-
health disparities. Consistent with literature regarding intersectionality, multiple
groups experiencing marginalization including minoritized racial/ethnic groups,
sexual orientation groups, and women may act as modifiers of associations between
COVID-19-related stressors and sleep health (Bann et al. 2021; Falkingham et al.
2022; King and Devonish 2021; Osiogo et al. 2021; Pedrozo-Pupo et al. 2022). Age
has also often acted as a modifier and/or risk factor for subjectively poorer sleep
health during the COVID-19 pandemic in multiple studies (Simonelli et al. 2021;



Bann et al. 2021; King and Devonish 2021; Osiogo et al. 2021). For example,
associations between economic hardship related to COVID-19 and worsening
sleep quality is worse among women compared to men and among younger com-
pared to older adults (Almeida et al. 2021; Wielgoszewska et al. 2022).
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10.3.1.1 Sex/Gender and Sexual Orientation

Most studies asking about gender use self-reported data and sex choice options (i.e.,
female or male) where generally it is unclear how participants perceive this question
(i.e., biological sex or the social construct of gender). Therefore, we combine sex and
gender when summarizing these results when applicable. Although some US studies
were racially/ethnically diverse, few considered racial/ethnic differences while
investigating associations either with or by sex/gender or by sexual orientation.
Nonetheless, most studies suggested greater severity in poor subjective sleep quality
and more insomnia symptoms among women compared with men as well as
sex/gender as a modifier between COVID-19-related stressors and sleep outcomes
(French et al. 2022; Dzierzewski et al. 2022; Fuller-Rowell et al. 2021; Knell et al.
2020; Bigalke et al. 2020). This is in line with data elucidating the burden of poor
sleep among minoritized populations and populations with intersectional identities.
A study that comprised an understudied population of Latinx transgender women
and men found sleep problems to be highly prevalent (67%) and associated with
COVID-19-related stressors (e.g., lost job, verbal arguments with a partner)
(MacCarthy et al. 2020). In another study of racially/ethnically diverse sexually
minoritized men, reports of poorer sleep quality during COVID-19 were also
prevalent (43%) (Millar et al. 2021). Further, a study of Latino sexually minoritized
men similarly reported a high prevalence of sleep problems among the sample,
although sleep problems did not vary by immigration/nativity status (Harkness
et al. 2021). It will be important nonetheless to continue investigations among
intersectional groups of multiple marginalized identities and assess racial/ethnic
differences.

Studies outside the United States also examined sex/gender and sexual orientation
as modifiers of sleep during the COVID-19 pandemic. While these studies included
racially/ethnically diverse participants, intersectionality was not assessed (i.e., dif-
ferences between multiple intersecting social categories) (Simonelli et al. 2021;
Bann et al. 2021; Falkingham et al. 2022; King and Devonish 2021; Osiogo et al.
2021; Pedrozo-Pupo et al. 2022; Menouni et al. 2022; Ding et al. 2022; Cellini et al.
2021; Kolakowsky-Hayner et al. 2021; Taporoski et al. 2022; Terán-Pérez et al.
2021; Tsukamoto et al. 2021; Monterrosa-Castro and Monterrosa-Blanco 2021). For
example, a nationally representative study in the UK examining changes in sleep
problems by gender during COVID-19 found that women reported more sleep loss
than men (Ding et al. 2022). Studies in other countries (e.g., Japan, Mexico, Brazil)
similarly reported worse sleep (e.g., insomnia symptoms, poor sleep quality)
concerning COVID-19-related stressors among women compared to men (Cellini
et al. 2021; Kolakowsky-Hayner et al. 2021; Taporoski et al. 2022; Terán-Pérez et al.



2021; Tsukamoto et al. 2021), although these studies were not nationally represen-
tative. A Swiss study also found that sexually minoritized men compared to hetero-
sexual men demonstrated lower sleep quality (Marmet et al. 2021a). These studies
importantly investigated and demonstrated sex/gender and sexual orientation differ-
ences in the impacts of COVID-19 on sleep health across the world, and more
information about differential impacts can be gained by additionally considering
potential racial/ethnic differences.
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10.3.1.2 Socioeconomic Status (SES)

While almost all studies included descriptions of the SES of participants, racial/
ethnic differences in relationships between SES and sleep during the COVID-19
pandemic were understudied. Further, SES measurement varied by study limiting
comparability: educational attainment, income, and privileged status or class, to
name a few examples. While there were mixed results, studies generally suggested
poorer subjective sleep health among lower compared with higher SES individuals
(Simonelli et al. 2021; Bann et al. 2021; Pedrozo-Pupo et al. 2022; Menouni et al.
2022; Agberotimi et al. 2020; Marmet et al. 2021b; Palla et al. 2021). For example,
lower SES was associated with lower sleep quality among Swiss men (mean
age = 29 years), yet insomnia prevalence was reported as higher among privileged
compared with underprivileged men and women in Pakistan (Marmet et al. 2021b;
Palla et al. 2021). In a Nigerian sample, the prevalence of insomnia did not vary by
SES; however, clinical insomnia symptoms were higher among participants with
“standard” compared with “above” and “below” standard incomes, suggesting a
possible U-shaped relationship (Agberotimi et al. 2020). Future research to elucidate
associations across various populations of the world while also considering race/
ethnicity is important given that lower SES is often disproportionately more prev-
alent among minoritized adults (Johnson et al. 2019). Longitudinal studies to capture
the SES impact of COVID-19 are also warranted to decipher the temporary versus
long-term impacts of the COVID-19 pandemic on SES among minoritized
populations.

10.3.1.3 Health Conditions

Given that certain health conditions (e.g., obesity, type II diabetes, and hypertension)
and comorbidities increase the risk for COVID-19, a wealth of studies examined the
impact of sleep during the COVID-19 pandemic among those with health conditions
and comorbidities. Yet, few of these studies addressed racial/ethnic disparities
despite the wide documentation of comorbidities among minoritized racial/ethnic
groups. Health conditions that increase COVID-19 are also disproportionately
higher among minoritized racial/ethnic groups because of differences in environ-
ments and structural racism. More so, intersecting identities are also disproportion-
ately impacted by health conditions further exacerbating health disparities. For



example, Black women have the highest prevalence of obesity in the United States
compared to other women and men of racial/ethnic groups (Hales et al. 2020).
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Despite the lack of examination of racial/ethnic differences, cross-sectional
studies reported more frequent insomnia symptoms among those with COVID-19,
obesity, diabetes, epilepsy, and other diseases. For instance, 25% of people with
epilepsy reported increases in seizures, and 63% of them attributed the increase
primarily to disrupted sleep (Casassa et al. 2021). Using a racially diverse sample
made up of White (52.6%), Black/African American (26.5%), “other” (11.8%),
Asian (3.3%), and Native American (0.4%), as well as Latinx ethnicity (12.9%),
another study in the United States found that workers with preexisting behavioral
disorders compared to nonworkers reported altered sleep habits (Cook et al. 2022).
Moreover, a racially/ethnically diverse sample among participants with obesity
(54.5% of the sample were NH-White, 21.5% NH-Black, 19.8% Hispanic/Latino,
and 4.2% “other”) reported that substance versus non-substance-users had more
difficulty falling asleep (OR = 1.64 [1.14–2.34]) (Almandoz et al. 2021).

Most studies outside of the United States reported sleep prevalence among a
sample of COVID-19 patients. For example, three studies conducted in China
found that: (1) Chinese patients with COVID-19 reported high symptoms of insom-
nia (Gu et al. 2021); (2) COVID-19 patients with moderate (9.7) or severe (11.0)
compared to mild (8.0) symptoms scored higher on PSQI ( p-value = 0.088, 0.017,
respectively) (Jiang et al. 2021); and (3) female compared to male COVID-19
patients were more likely to have insomnia (Hu et al. 2020). Studies in other
countries also reported a high prevalence of insomnia among COVID-19 patients,
such as in Saudi Arabia (Alodhayani et al. 2021), India (Chakrabarti 2021),
Bangladesh (Nabi et al. 2022), and Colombia (Pedrozo-Pupo et al. 2022). Likewise,
studies also reported high sleep disturbances among COVID-19 patients, such as in
Pakistan (Imran et al. 2022), Egypt (Abdelghani et al. 2022), and Italy (Aragona
et al. 2022). Among hemodialysis patients in Morocco, 49% reported difficulty
falling asleep during the COVID-19 pandemic (Alafifi et al. 2022).

10.3.2 Household Structure and Family

Studies have also supported the importance of considering and including measure-
ment of family structure (e.g., single-parent household), domestic conflict/violence,
work-family conflict, household demands, and other social environmental charac-
teristics when considering the detrimental impact of COVID-19-related stressors
(e.g., economic instability and hardship, social isolation) (Almeida et al. 2021;
Yuksel et al. 2021; Antino et al. 2022; Wang et al. 2022a; Galindo-Aldana et al.
2022).

Generally, studies reported poor sleep health among children and parents/guard-
ians. Using data from 9438 parental reports pre-COVID from a national survey and
data from 2365 parental reports during COVID, a study found that children had more
sleep problems during COVID compared to children’s sleep problems pre-COVID



in Australia (Olive et al. 2021). Likewise, parents also had significantly poorer sleep
quality during COVID compared to parents pre-COVID. While the study accounted
for Aboriginal and Torres Strait Islander Peoples’s Status, the authors did not
explicitly study differences by racial identity (Olive et al. 2021). Another study in
Chile also identified decreases in sleep quality among both parents and children
(Olhaberry et al. 2022).
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Studies also highlighted poor sleep health among various household structures
(e.g., single-parent households). For example, among 122 parents/guardians of
Asian, Black/African American, White, and “other” race/ethnicity US children
aged 6–14 years, children in families highly impacted by COVID-19 had lower
parent-reported sleep duration compared to those in families who experienced
medium impacts (Sprague et al. 2022). Further, Black children and children from
single-parent households were more likely to belong to the high-impact group,
suggesting the potential for racial/ethnic disparities (Sprague et al. 2022). Among
210 American Indians, a longitudinal study found that childhood trauma predicted
greater declines in sleep quality associated with the onset of the pandemic partly due
to psychological stress related to COVID-19 (John-Henderson 2020). Another
longitudinal study among 124 parent/guardian-children dyad living in the southeast-
ern part of the United States (primarily European descent) found that deprivation
(defined as experiences of neglect that reflect a child’s lack of fundamental physical
and emotional care from a caregiver) predicted increased sleep problems among
boys during the pandemic (Zhang et al. 2022b). Further, while a quasi-experimental
study among 281 families living in historically disinvested neighborhoods found no
differences in parent sleep or child sleep after school closure as compared to before
school closure, racial/ethnic differences were reported among children and parents
(Ursache et al. 2022). On average, Black vs Latinx parents reported more sleep for
children, and Spanish-speaking vs English-speaking parents reported lower sleep
problems for themselves but higher mental health problems for children (Ursache
et al. 2022).

Family-related stressors may be associated with poorer subjective sleep quality
among older-aged family members as well. For example, a study of college students
in China reported that students in single-parent households or who experienced
domestic violence had poorer subjective sleep quality compared to students who
experienced neither (Wang et al. 2022a). Regarding resilience factors, a study in
Europe found family social support linked to better sleep quality among adults aged
18–30 years (Zsido et al. 2022).

10.3.2.1 Caregivers

Studies also assessed sleep prevalence during the COVID-19 pandemic among
caregivers and generally reported poor sleep health among family members, yet
few considered racial/ethnic sleep disparities. For example, among a sample of 3509
living in Pennsylvania, family caregivers compared to non-caregivers reported
higher sleep disturbances as well as higher levels of anxiety, depression, fatigue



and lower social participation, lower financial well-being and increased food inse-
curity, and increased financial worries (Beach et al. 2021). Although there were no
statistically significant different associations between NH-Black, NH-“Other”, and
Hispanic/Latino compared with NH-White in sleep disturbances, the sample was
predominantly NH-White (~90%) (Beach et al. 2021). Similarly, another study
among 835 participants found that higher caregiver burden was associated with
higher sleep-related impairment and sleep disturbance scores, yet Black and Asian
compared to White caregivers had lower mean sleep-related impairment scores
(Greaney et al. 2022). Finally, another study among 300 caregivers, of whom 58%
were Hispanic/Latino, found that caregiver financial strain was associated with
inconsistent sleep routines, poorer mental health as well as changes in children’s
problematic and prosocial behaviors (Reich et al. 2021). Another interesting finding
to note is that the majority of their sample included mothers (89%), where women
are commonly in caregiver roles (Reich et al. 2021).
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Studies outside the United States also found higher poor sleep prevalence among
caregivers and other family members during the pandemic. For example, a longitu-
dinal study in Italy found that caregivers compared to non-caregivers had a higher
frequency of stress 1 year after the pandemic, and females compared to male
caregivers had poorer sleep quality (Busse et al. 2022). Further, a study in India
found high levels of insomnia among parents of children with pediatric kidney
disease (87.2%) (Sharma et al. 2021). Finally, a study in Belgium found that
COVID-19-specific stressors and parental psychological experiences were associ-
ated with higher levels of sleep problems, anxiety, and depression among parents of
children with a chronic disease (Wauters et al. 2022). The study in Belgium also
reported that parents of Arabic-speaking, Asian, Black, and mixed ethnicity com-
pared to White reported more sleep problems; however, the sample of the
minoritized racial/ethnic groups was small where White parents made up 96% of
the sample (Wauters et al. 2022). Nonetheless, these findings may indicate the
disproportionate impact of COVID-19 stressors on minoritized racial/ethnic groups
(Wauters et al. 2022). While few studies explicitly studied racial/ethnic sleep
disparities, overall studies reported higher caregiver burden was associated with
higher sleep-related impairment and more sleep disturbances.

10.3.3 Community

Studies conducted worldwide have demonstrated that community disruptions, such
as social isolation, loneliness, and changes in social environments resultant from
imposed shutdowns impact multiple dimensions of subjective sleep disturbances
(i.e., sleep efficiency, sleep duration, sleep problems, sleep quality, insomnia symp-
toms) with very few suggesting no associations with sleep duration and sleep
problems, including a study of objectively measured sleep in Japan (Simonelli
et al. 2021; López-Moreno et al. 2020; Sepúlveda-Loyola et al. 2020; Talbot et al.
2021; Viola and Nunes 2022; Wang et al. 2020; O’Sullivan et al. 2021; Liao et al.



2022; de Almondes et al. 2022; Muhammad et al. 2021; Lewis 2020; Haydon and
Salvatore 2021; Grey et al. 2022; Ataka et al. 2022). These studies have been mostly
cross-sectional and among adult populations but also conducted across continents of
Asia, Europe, and North America. Social support and capital were also frequently
investigated worldwide and suggested to act as protective factors/buffers as well as
modifiers against associations between COVID-19-related stressors with sleep
health (e.g., quality) (Talbot et al. 2021; Wright et al. 2021; Grey et al. 2020; Xiao
et al. 2020a, b). Lower support was also associated with subjective sleep problems
(Grey et al. 2020; Lee and Waters 2021; Sahin et al. 2022). Despite these important
results, studies while inclusive of diverse populations, did not assess potential racial/
ethnic differences, offering an area for further research. Similarly, it will be impor-
tant to investigate longitudinal associations as a review suggested that sleep distur-
bances related to social isolation may persist beyond the COVID-19 pandemic
(O’Regan et al. 2021).
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10.3.4 Society

Resources, policies, and other upstream determinants as a result of structural racism
and other systems of oppression may contribute to racial/ethnic sleep disparities.
Availability and access to resources (e.g., personal protective equipment and
healthcare facilities) were suggested to explain differences in insomnia symptoms
across Latin American countries, for example (Zhang et al. 2022a). These are crucial
to study as they may inform upstream interventions aimed at addressing root causes
to help achieve health equity.

10.3.4.1 Racism and COVID-19-Related Discrimination

We consider discrimination a societal problem even though most studies assessed
discrimination at the interpersonal level. Studies of racial/ethnic discrimination and
sleep during the COVID-19 pandemic occurred in Canada and the United States, but
only US studies considered potential variations in relationships by race/ethnicity. A
Canadian study did not find associations between racial/ethnic discrimination and
decreased sleep duration during the first wave of the COVID-19 pandemic among a
population demographically representative of the Canadian population (Currie and
Higa 2021). However, racial/ethnic discrimination was associated with worsened
sleep problems during the pandemic among US Black men and women in rural
Georgia as well as US Asian adults (Lee and Waters 2021; Adesogan et al. 2021).
Racial/ethnic discrimination was also associated with higher odds of poor sleep
quality only among Black and East Asian adults in a sample of White, Black,
Hispanic/Latino, East Asian, South Asian, and Southeast Asian adults in the United
States (Shi et al. 2022).
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Further, in the United States, Anti-Asian, anti-Black/African American, and anti-
Latinx sentiments were either consistent or exacerbated during the COVID-19
pandemic. Specifically in the United States, anti-Asian racism and hate crimes
surged where approximately one-half of hate incidents included anti-China or anti-
immigrant rhetoric (Yellow Horse et al. 2021). Everyday forms of COVID-19-
related discrimination were more strongly associated with more self-reported sleep
troubles among Asian and Black adults versus other groups while major forms of
COVID-19-related discrimination were more strongly associated with more self-
reported sleep troubles among White compared with Black adults (Le et al. 2022).
Additionally, a study of COVID-related stigma in China, which reported individuals
with more discrimination experiences and higher compared with lower perceived
stigma, reported poorer sleep quality but did not consider ethnic background as a
potential modifier (Fu et al. 2020). Racism and discrimination in the social environ-
ment appeared to contribute to compromised sleep quality and non-recommended
sleep duration in multiple studies, suggesting structural racism and related factors
either pre- or during the pandemic, in part, may explain racial/ethnic disparities in
sleep health (Cheng et al. 2022; Currie and Higa 2021; Yip et al. 2022). Both
COVID-19-related discrimination and higher vigilance have also been found to be
higher among Black, Hispanic/Latino, and Asian compared to White adults in the
COVID-19 Southern Cities Study in the United States, and there were differences in
additive associations (Le et al. 2022).

10.3.4.2 Labor and Employment

While employment is similar to SES and usually measured at the individual level, we
consider it a societal problem given its ties to structural inequity, especially during
global lockdowns (e.g., impact on essential workers who tend to be minoritized). As
previously mentioned, economic instability and financial hardships related to
COVID-19 were prevalent, associated with sleep health, and often found to dispro-
portionately affect minoritized racial/ethnic groups (Cheng et al. 2022; Goldmann
et al. 2021; Stockman et al. 2021; Lima et al. 2021). Across literature to date
including reviews of the literature, longitudinal, cross-sectional, and descriptive
studies, economic instability was consistently associated with poorer sleep health
and possible sleep disorders across geographic areas (i.e., Brazil, US, and
United Kingdom) (Cobb et al. 2022; Simonelli et al. 2021; Almeida et al. 2021;
Millar et al. 2021; Marmet et al. 2021b; Yuksel et al. 2021; Antino et al. 2022;
Wright et al. 2021; Lee et al. 2021; Samuel et al. 2022). Although, two studies
suggested there was no association between changes in employment and sleep
among US and UK populations (Wielgoszewska et al. 2022; Baird et al. 2022).
Two reviews summarized evidence about indicators of economic instability (e.g.,
unemployment, financial stress, food insecurity) during times of crises, including the
COVID-19 pandemic with some discussion of the relationship to disparities
(Simonelli et al. 2021; Lee et al. 2021). According to the reviews, articles published
by early 2020 supported that job insecurity, fear of unemployment, food insecurity,



and financial stress related to public health crises and COVID-19, specifically, were
associated with subjectively and objectively measured sleep health including lower
sleep efficiency, poor sleep quality, and insomnia symptoms (Simonelli et al. 2021;
Lee et al. 2021). Further, economic instability may mediate racial/ethnic disparities
in sleep duration because of structural racism (Simonelli et al. 2021). However, most
studies did not include investigations of economic instability and sleep health within
the context of racial/ethnic disparities. Nonetheless, one longitudinal study among a
predominantly Black/African American sample of older adults who reported finan-
cial strain also reported that changes in employment status were associated with
increases in poor sleep quality from 2018 to March–May 2020 (Baird et al. 2022). A
US study restricted to 466 Black fathers found that working in high-risk areas
compared to low-risk areas had more sleep disturbances but not sleep quality
(Cooper et al. 2021). Since economic impacts are disparate and are consistently
associated with poor sleep health, future research among diverse populations is
warranted to elucidate economic hardships related to COVID-19 in association
with racial/ethnic disparities in sleep health.
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Healthcare Workers

The majority of articles reported sleep prevalence among healthcare workers com-
pared to other types of workers. More frequent insomnia symptoms and sleep
disturbances (as well as poor mental health outcomes) were reported among various
healthcare providers: ICU nurses, reproductive healthcare workers, and outpatient
providers. Few of these articles were stratified by race/ethnicity; for a further
examination of sleep disturbances among healthcare workers during the COVID-
19 pandemic, please refer Chap. 5 (Pappa, Sofia). Essential workers, who experience
disparate exposures, are more likely to be minoritized. Therefore, future research
needs to assess differences by race/ethnicity. Racism and other social factors are
likely major drivers of existing racial disparities. Future research should be
conducted at all levels to inform interventions.

Among 14,600 healthcare workers in the United States using the HERO registry
made up of NH-White, NH-Black, Asian, and “other” races, 41% reported trouble
sleeping (Forrest et al. 2021). Few studies investigated differences by race/ethnicity.
Yet, these few studies documented racial/ethnic differences. For example, one study
found that Hispanic/Latino ethnicity had increased odds of insomnia compared to
NH-White (Stewart et al. 2021).

Studies outside of the United States also did not consider race/ethnicity. For
example, we identified two cross-sectional studies conducted in Turkey that found
high rates of poor sleep health among healthcare workers (Yilmaz et al. 2021; Şayık
et al. 2022). Among 600 healthcare workers, insomnia was higher for those who
worked in clinics compared to intensive care units, women compared to men, and
nurses compared to physicians (Yilmaz et al. 2021). Another study in Turkey found
that emergency department personnel helped cope with stress via adequate sleep
(Demir and Ataman 2021). Two studies conducted in Italy also reported a high



prevalence of sleep problems (Magnavita et al. 2021) and insomnia (Italia et al.
2021). Specifically, among hospital workers, women compared to men had higher
odds of insomnia (OR = 2.20 [1.48–3.28]) in adjusted models (Italia et al. 2021).
Furthermore, psycho-oncologists with compared with those without peritraumatic
distress (e.g., anxiety, depression, cognitive change, loss of social functioning in the
previous week) in Italy were found to use sleep remedies (OR = 3.79 [1.41–10.21])
(Costantini et al. 2022). A high prevalence of insomnia was also reported among
healthcare workers in Jilin, China (Dong et al. 2021), Taiwan (Lu et al. 2021) as well
as sleep disturbances among frontline nurses in Oman (Al Maqbali 2021), healthcare
workers in Iran (Amra et al. 2021), and doctors in India (Chaudhuri et al. 2022).
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10.3.4.3 Neighborhood Built Environment

Despite the vast literature demonstrating the influence of the neighborhood environ-
ment on health, sleep health, and sleep-health disparities, few studies examined the
neighborhood environments’ influence on sleep health during the COVID-19 pan-
demic. Among these few studies, they varied in which neighborhood features were
assessed and rarely examined differences by race/ethnicity. We identified three
studies conducted in the United States (Testa et al. 2022; Rassu et al. 2021; Finucane
et al. 2022). One study found that residents living in more compared to less
dangerous neighborhoods had poorer sleep quality (Testa et al. 2022). Residents
living in neighborhoods that became more dangerous after the pandemic compared
to residents living in neighborhoods that are the same danger level had poorer sleep
quality (relative risk ratio = 2.81 [1.31–6.04]). Black, Hispanic/Latino, and “other”
race/ethnicity residents living in neighborhoods that became more dangerous after
the pandemic compared to White residents living in neighborhoods that are the same
danger level also had poorer sleep quality; although, the measure of association was
only significant among the Hispanic/Latino group (Testa et al. 2022). In contrast,
another study among participants with chronic low back pain did not find any
significant differences in reported sleep quality between neighborhood deprivation
tertiles (measured via the Area Deprivation Index) since the pandemic (Rassu et al.
2021). While this study did not report findings by race, their sample was made up of
54.5% White or Caucasian, 36.4% Black or African American, 3% “other” race, 2%
Asian, and 2% more than one race (Rassu et al. 2021). The third study among
residents in predominantly Black, low-income neighborhoods in Pennsylvania
found that business/school closures were associated with poorer sleep quality
among residents living in areas with lower neighborhood walkability but not
among residents living in higher neighborhood walkability (Finucane et al. 2022).
Neighborhood walkability as a significant modifier between closure experiences and
sleep quality indicates the value of physical resources available to meet the demands
of stress during closures. A study in China found that the prevalence of insomnia was
higher in urban (29.5%) compared to rural (25.35%) residents (Liu et al. 2021).
Given the more significant impact on urban residents’ work and businesses resulting
from precautionary strategies (e.g., social distancing, lockdown), this may explain



the higher prevalence of insomnia observed. The documented rural global disparities
also indicate the need to understand the depth of racial/ethnic sleep disparities.
Health outcomes, including sleep health, follow place-based patterns and depend
on the neighborhood in which one lives, works, and plays (Williams and Cooper
2020).
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10.3.4.4 Education Access and Quality

Education access was disrupted by the COVID-19 pandemic where most govern-
ments worldwide closed schools at almost all levels (United Nations Educational,
Scientific and Cultural Organization n.d.). Both changes to education access/modal-
ities (e.g., in-person, online) concerning sleep as well as sleep health among students
across ages (e.g., secondary school, college) were widely studied across the world.
Yet, there were few investigations of teachers and racial/ethnic differences (Fuller-
Rowell et al. 2021; Ursache et al. 2022; Benham 2021; Charles et al. 2021; Gruber
et al. 2020; Hendriksen et al. 2021; Liu et al. 2022; Meltzer et al. 2021; Souto-
Manning and Melvin 2022; Zhang et al. 2021; Chandler et al. 2021; Sarsak 2022;
Fila-Witecka et al. 2021; Niba Rawlings et al. 2022; Wang et al. 2022b; Widyastari
et al. 2022; García and Garvey 2022; Caldwell et al. 2021; Staller et al. 2022;
Wieman et al. 2022; Prabhat et al. 2022). Overall, studies assessed subjective
sleep and suggested higher sleep disturbances, increases in insomnia symptoms,
inconsistent associations with both excessive daytime sleepiness and sleep quality
(although most suggested a decrease in sleep quality), worse sleep efficiency, and
poorer sleep hygiene but longer or no changes in sleep duration during the pandemic
among students (Ursache et al. 2022; Benham 2021; Charles et al. 2021; Gruber
et al. 2020; Hendriksen et al. 2021; Liu et al. 2022; Meltzer et al. 2021; Souto-
Manning and Melvin 2022; Zhang et al. 2021; Chandler et al. 2021; Sarsak 2022;
Fila-Witecka et al. 2021; Niba Rawlings et al. 2022; Wang et al. 2022b; Widyastari
et al. 2022; García and Garvey 2022; Caldwell et al. 2021; Staller et al. 2022;
Wieman et al. 2022; Prabhat et al. 2022; Kurz et al. 2022). A sample in the UK
consisting of a racially/ethnically diverse population reported that almost one-half of
the 107 adolescent participants had worsened sleep quality (Marques and Braidwood
2021).

Racial/ethnic differences were assessed in a few US studies. One study compared
a sample of college students after shutdowns were imposed to another sample
6 months later and found no differences in sleep problems. However, White students
reported more sleep problems compared to Black/African American students
(Charles et al. 2021). Among 263 students (mostly aged 18–25 years) at a south-
eastern college, sleep problems increased more among White compared to Black
students (Fuller-Rowell et al. 2021). Another study among early childhood educa-
tion teachers in the New York City area found sleep disturbances were higher among
Latinx compared to multiracial teachers (Souto-Manning and Melvin 2022). Evi-
dence suggests that the sleep quality of both students and teachers may have been
negatively impacted by the COVID-19 pandemic. Given the racial/ethnic differences



in sleep health observed in US studies, it will be important to extend the vast
literature on student and teacher populations during COVID-19 to assess possible
racial/ethnic disparities, even if retrospective.
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10.4 Gaps in the Literature on Sleep Disparities During
the COVID-19 Pandemic

Few studies were longitudinal, assessed objective sleep, investigated
intersectionality (i.e., belonging to multiple groups experiencing marginalization),
and employed an intervention. Further, most studies that considered racial/ethnic
disparities were conducted among the United States, the United Kingdom, and
Canadian populations with the majority of studies in the United States. Since most
studies were conducted during the early phases of the COVID-19 pandemic (e.g.,
March–May 2020), there is limited data on exacerbated racial/ethnic sleep disparities
throughout the pandemic.

10.5 Future Research Directions

There is a need for future research to incorporate lessons learned and close gaps in
knowledge in the field. Few studies examined racial/ethnic differences despite the
known adverse impacts of structural racism on health, which were exacerbated
during the COVID-19 pandemic. For example, despite the known heterogeneity
among Asian Americans, there remains limited disaggregated data among this
group. Yet anti-Asian racism surged during the COVID-19 pandemic, which dem-
onstrates the urgency to adequately study minoritized racial/ethnic groups. Future
researchers can employ a Syndemic framework to account for compounding and
exacerbating adverse effects from interactions of health conditions, including poor
sleep health, with inequality caused by structural racism (e.g., poverty, stigmatiza-
tion, stress) among Asian Americans (Saw et al. 2022). By understanding that race/
ethnicity is a social construct and a proxy measure for racism, studies can appropri-
ately study racial/ethnic differences through stratification as opposed to adjustment
where White is the “referent” population. Incorporating descriptive measures to
assess the burden of both the exposure and outcome can provide salient information
regarding health disparities and thus can better inform resource allocation (Ward
et al. 2019). Similarly, other appropriate public health measures aimed at assessing
public health impact, such as the population-attributable risk, should be included
(Cox and Li 2012). There is also a need for longitudinal studies that use an
exposomic, life course approach given that sleep disparities emerge in infancy.
Furthermore, future research should employ an intersectional lens as well as a
structural racism framework. A previous study conducted by chapter authors



demonstrated how sleep disparities may, at least in part, be explained by the
neighborhood environment across multiple identities where age, sex/gender, and
race/ethnicity impact each other to explain sleep disparities (Alhasan et al. 2020).
Studying multiple intersecting identities, and employing an intersectional perspec-
tive in general, can disentangle the complex ways identities experience sleep dis-
parities and thus help us move towards achieving health equity. In addition to
intersectionality and structural racism as well as other systems of oppression, it is
increasingly evident for future research to also consider a global perspective. The
COVID-19 pandemic is ongoing and transmission rates can only be reduced in
countries if they are reduced globally. There is a need for global cooperation to end
vaccine apartheid (Bajaj et al. 2022).
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Regardless of the adequate effort to document racial/ethnic sleep disparities
during COVID-19, there is a wealth of evidence demonstrating the detrimental
impact of structural racism on health and thus future directions must also include
conducting interventions aimed at addressing root causes. Interventions to improve
population health and address health disparities should center efforts around assuring
the material and social conditions (especially those known to modulate sleep and
circadian rhythms) for optimal health among all individuals regardless of a social
identity group. Interventions can also modify adverse physical and social exposures
of the neighborhood environment to improve sleep health across marginalized
groups. For example, because environmental toxicants from swine industrial live-
stock have been shown to impact sleep (MacNell et al. 2021), interventions in the
physical environment that could improve sleep include air pollution mitigation
strategies. Furthermore, the implementation of the World Health Organization
guidelines has the potential to prevent deaths directly related to air particulate matter
(PM2.5) (WHO 2021).

10.6 Conclusion

Prior to the pandemic, minoritized racial/ethnic groups were disproportionately
burdened by insufficient sleep, poor sleep quality, and sleep disorders including
sleep apnea (Johnson et al. 2019). Social and environmental factors (e.g., residential
segregation, labor discrimination, household crowding, social disorder, air pollution)
likely contributing to these stark sleep disparities have further exacerbated sleep
disparities during the ongoing pandemic (Jackson and Johnson 2020). Health con-
ditions, worker strain, and employment burden have further exacerbated sleep
throughout the pandemic. While a potentially traumatizing public health crisis like
the COVID-19 pandemic and associated global lockdown impacted sleep univer-
sally, studies included assessed sleep health during the beginning of the
pandemic (March–May 2020) where it is possible that novel stressors may have
not further exacerbated considerable disparities in sleep or severe inequities, and
implications for sleep may not have been fully realized. Privileged, affluent groups
may have temporarily experienced poor sleep health during this time frame, which
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Chapter 11
The Effect of Cognitive-Behavioral Therapy
and Coping Strategies on Sleep
Disturbances During the COVID-19
Pandemic

Horacio Balam Álvarez-García , Isaías Vicente Lugo-González ,
and Ulises Jiménez Correa

Abstract The COVID-19 pandemic brought about several health problems, due to
the disease itself, but also due to the indirect effects of the health measures adopted to
reduce the risk of contagion or to the management of infected people. Sleep was
affected worldwide, with alterations reported both in health personnel and in the
general population that had to abide by the confinement measures. Insomnia
emerged as the main sleep disorder, which had a direct impact on the execution of
daily activities, reduced productivity, decreased quality of life, and increased the risk
of developing cardiovascular and respiratory problems and mental disorders (anxiety
and depression). In this context, several research groups have implemented specific
cognitive-behavioral interventions for insomnia to prevent its chronicity. Within this
chapter, the general panorama of sleep disturbances, psychiatric comorbidities, and
stress levels that affected the population is addressed, followed by a conceptualiza-
tion of the model of coping with stress, the repercussions on health, and thus
understanding the role of coping strategies to manage stress. Finally, the
cognitive-behavioral interventions used during confinement to improve sleep indi-
cators in the population are mentioned.
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11.1 Introduction

Sleep is a very important physiological process for maintaining physical and mental
health and quality of life (Silva et al. 2020). The sleep–wake cycle was affected at the
beginning of the COVID-19 pandemic in March 2020 when quarantine was
established as a measure to reduce the risk of contagion. The population had to
abide by the measures of physical confinement and social distancing proposed by the
World Health Organization to reduce the number of infections (Onyeaka et al. 2021).
However, confinement limited exposure to sunlight in the morning and increased
exposure to artificial light at night. This explains the increase in sleep latency and the
phase shift of the sleep cycle concerning the light-dark cycle, leading to the alteration
of homeostatic and circadian factors (Borbély 1982).

At the same time, confinement and social distancing caused changes in work
hours, eating, and sleeping habits (Di Renzo et al. 2020). Online work and school
voided the need to get up early to get to school or work on time, and the quarantine
caused a decrease in the time spent on physical exercise and loss of exposure to
environmental indicators of time, known as zeitgebers (e.g., the noise of the first
daytime activities). In addition, by decreasing physical interaction with other people,
the risk of developing symptoms of mental illness such as anxiety and depression
increased (Gloster et al. 2020). It has been suggested that living in strict quarantine,
excessive exposure to information related to the pandemic, job loss, and drastic
lifestyle changes contributed to emotional stress in entire populations around the
world.

11.2 Epidemiological Data on Sleep and Mental Health
During the COVID-19 Pandemic

The first studies clearly showed the effect of the pandemic on characteristics of
mental health such as sleep and mood. The COVID-19 pandemic caused a worsen-
ing of sleep quality associated with a negative mood (Targa et al. 2021). Lin et al.
(2021) studied the early impact of the pandemic on sleep-disordered and psycho-
logical symptoms in healthcare workers and adults in the general population, finding
prevalences of 20%, 15.8%, 18.5%, and 24.5% for insomnia, acute stress, anxiety,
and depression, respectively.

Zhou et al. (2020) found a prevalence of insomnia symptoms of 23.2% in a
sample of adolescents and young adults; mainly insomnia for the female sex, having
anxiety or depression. They found however that family support was a protective
factor against insomnia.
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Li et al. (2020) found that during the pandemic, the prevalence of insomnia
increased from 26.2% to 36.7%, anxiety from 16.1% to 26.5%, and depression
from 22.7% to 31.2%. Insomnia symptoms worsened by 12.5%, even though time
in bed (485.5 ± 76.2 vs. 531.5 ± 94.2 min) and total sleep time
(432.8 ± 65.6 vs. 466.9 ± 96.6) also increased (Li et al. 2020). In addition, the
time for going to bed and getting up was delayed. In Italy, 57% of respondents
reported complaints of poor sleep quality, anxiety, and stress, mainly among females
and the youngest people (Casagrande et al. 2020).

Another study reported prevalences of anxiety of 35.1%, symptoms of depression
of 20.1%, and poor quality sleep of 18.2%, mainly in young people, hospital staff,
and those who consumed more information about the pandemic (Huang and Zhao
2020).

In France, Peretti-Wate, et al. (2020) applied a survey on coronavirus and
confinement; finding an increase in depression symptoms from 7% to 8.8% and
sleep disorders from 49.7% to 68.7%; primarily in the 18–25 age group.

In another investigation, Deng et al. (2021) implemented the COVID Collateral
impacts (COCOS) study and evaluated symptoms of depression, generalized anxi-
ety, and sleep disorders. They found a prevalence of 24.7%, 23.2%, and 42.2%,
respectively; of which 17.4% reported moderate or severe insomnia (Deng et al.
2021). In a systematic review and meta-analysis, Zhang et al. (2020) studied the
prevalence of depression, anxiety, and symptoms of sleep disorders; 31 studies were
identified with a sample of 5153 participants; identifying a combined prevalence of
45%, 47%, and 34% for depression, anxiety, and insomnia or poor sleep quality,
respectively. They found no significant differences among genders in these
prevalences.

11.3 Circadian Rhythms Disorders During the COVID-19
Pandemic

Since the beginning of the COVID-19 pandemic, the possibility has been raised that
the combination of exposure to artificial lighting late into the night along with the
loss of the need to get up early to go to work or school could lead to Delayed Sleep
Phase Syndrome. As an initial effort, the International COVID-19 Sleep Study
(ICOSS) was devised, to explore direct and indirect effects of the COVID-19
pandemic on various aspects of sleep and circadian rhythms in adults (Partinen
et al. 2021). In this sense, in different reports, it was confirmed that the change in
work schedules derived from confinement led to an increase in the incidences of
delayed sleep phase syndrome. Epstein et al. (2022) reported two cases that after
receiving sleep restriction therapy and modification of bedtime and wake-up times
had an improvement in the quality and total time of sleep.

It has been reported that sleep onset, offset, and mid-time of the sleep phase were
delayed on working days but not on free days; sleep duration was increased on work



days and social jet lag was reduced during the lockdown (Tahara et al. 2021).
Participants also slept longer and later during lockdown weekdays and exhibited
lower levels of social Jet Lag (Leone et al. 2020). Although this would seem to be an
overall improvement in sleep conditions, chronotype was also delayed under lock-
down (Leone et al. 2020).
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In an online study, Bottary et al. (2022) found data suggesting delayed sleep
phase syndrome, reduced social jet lag, and social sleep restriction. They also found
a pronounced shift towards later sleep combined with an increase in sleep duration;
these changes were more pronounced in adolescents than in young adults and
seemed to occur mostly during weekdays. Teens also reported an improvement in
daytime sleepiness and subjective sleep quality, while young adults reported an
increase in sleep difficulties associated with sleep onset, nocturnal and early morning
awakenings, and nightmares.

11.4 Parasomnias

In an epidemiological study, it was found that adolescents and young adults
presented alterations in their sleep patterns in a peculiar way. Young adults presented
difficulty falling asleep and had increased nightmares and frequent awakenings
during the night (Ramos Socarras et al. 2021; Drager et al. 2022). In addition, it
has been reported that the increase in the frequency of vivid dreams during the
pandemic (Fränkl et al. 2021) was significantly associated with female sex, night-
mares, awakenings, symptoms of REM Sleep Behavior Disorder, and repetitive
annoying thoughts.

Compared to the first wave of COVID-19, there was a decrease in recall ability
for dreams, nightmares, lucid dreams, and emotional stress during the second wave
of the pandemic; showing that the strongest impact of the pandemic was during the
first wave. This is very important because the negative emotional tone of nightmares
has a strong relationship with emotional processing problems as well as symptoms of
mental illness such as anxiety and depression and post-traumatic stress disorder
(Scarpelli et al. 2021).

11.5 Insomnia, Anxiety, and Depression in Health Staff

Since the spread of the SARS-CoV-2 virus became a public health problem,
protective measures have impacted the physical and mental health of the entire
population (Umakanthan et al. 2020). However, health staff in COVID-19 areas
had to comply with greater protection measures to reduce the risk of contagion,
which increased their stress levels. In addition, there was an increase in the number
of hours of the workday, causing more accelerated physical and mental exhaustion



(Walton et al. 2020). This directly impacted the sleep–wake cycle, causing symp-
toms of sleep disorders and anxiety (Xiao et al. 2020).
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In this context, it was reported that worldwide the health personnel who treated
infected patients in the first months of the pandemic presented anxiety (23.2%) and
depression (22.8%); while insomnia had a prevalence of 38.9% (Pappa et al. 2020).
In contrast, among the general population, depression was the most prevalent
disorder with 33.7%, followed by anxiety at 31.9% and stress symptoms at 29.6%
(Salari et al. 2020). Sleep disturbances occurred in 34% (Deng et al. 2021), of which
insomnia had the highest incidence at 36.7% (Morin et al. 2021).

11.6 Long COVID-19 and Sleep

Concerned to REM sleep, Heidbreder et al. (2021) found REM sleep without muscle
atony in 36% of a sample of patients who were studied with video polysomnography
60 days after being diagnosed with COVID-19. These studies confirm alterations
related to the onset and continuity of sleep, as well as REM sleep parasomnias.

11.7 Sleep-Disordered Breathing

It has recently been observed that patients with higher body mass index or diabetes
have a higher risk of developing COVID-19, and the probability of being hospital-
ized in intensive care units is doubled (Chung et al. 2021). In addition, there have
been reports of patients with transient snoring beginning with Coronavirus 19 infec-
tion (COVID-19 Transient Snoring, COTS); in these cases, the snoring was not
associated with sleep apnea or other previously diagnosed sleep disorders. The cause
and pathophysiological course of COTS are unknown, although it is important to
note that with sleep hygiene, sleep position therapy, and limiting caffeine consump-
tion, a significant decrease was achieved in a couple of months (Riad et al. 2021).

11.8 Movement Disorders Related to Sleep

Confinement increased the symptoms of bruxism and temporomandibular disorder,
negatively affecting sleep quality; these symptoms had a significant correlation with
symptoms of anxiety, depression, and stress (Peixoto et al. 2021). In addition, it has
been reported that one of the neurological sequelae of COVID-19 could be symp-
toms of restless legs syndrome (Mohiuddin et al. 2021). For example, Nakamura
et al. (2021) in a case report describe a 72-year-old male patient with a variant of
restless legs syndrome, which began after COVID-19 infection; in the anal region
without causal evidence identified anatomically, structurally, or functionally.
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11.9 Insomnia

Complications in convalescence from COVID-19 have been reported to include
interstitial lung disease, cardiac pathology, fatigue, neuro-psychiatric symptoms
(such as depression, anxiety, post-traumatic stress disorder, and cognitive deficits),
and insomnia (Altena et al. 2020; Efstathiou et al. 2022). Compared to matched
controls, patients with COVID-19 have increased sleep disturbances and decreased
sleep quality during and after infection. Patients with long COVID-19 were charac-
terized by increased awake time and decreased total sleep and deep sleep. These
findings show that COVID-19 may present with long-lasting symptoms such as
autonomic and neurologic disturbances such as COVID-19 brain fog (Mekhael et al.
2022).

With a sample of 478 patients, after 4 months of hospitalization 51% declare at
least one symptom that did not exist before COVID-19 infection: fatigue in 31%,
cognitive symptoms in 21%, new onset dyspnea in 16%; and insomnia in 53.6%
(Morin et al. 2021). Insomnia was more frequent among non-intubated than
intubated patients (57.6% vs. 44% respectively; Morin et al. 2021).

Studying a sample of 251 COVID-19 survivors, 1 month after discharge from the
hospital, 41% of the patients presented insomnia; insomnia prevalence decreased to
25% after 3 months post-discharge evaluation (Bourmistrova et al. 2022).

In another study in a sample of 402 patients who were assessed 1 month after
hospital treatment, 40% reported insomnia, which decreased significantly 3 months
later (Mazza et al. 2020).

In a study that aimed to assess the short-term consequences of SARS-CoV-2
infection-related pneumonia, 4 months after hospital discharge 52%of patients had
fatigue in 52%, 36% had effort dyspnea, 10% had anorexia, 14% had dysgeusia or
anosmia, 21% had anxiety, and 31% had insomnia (Boari et al. 2021).

Considering the above, treatment should be implemented as soon as possible to
avoid complications of COVID-19; such as insomnia, mental health symptoms, and
even misuse or abuse of pharmacological treatments for insomnia.

11.10 Stress: General Considerations

Psychological stress can be understood as a series of emotional, cognitive, behav-
ioral, and physiological responses derived from the interaction between an individ-
ual and their environment. In particular, individual evaluates their resources
concerning the situations they are experiencing, and if the situation exceeds the
individual’s resources to cope, they will have difficulty facing it (Lazarus and
Folkman 1984).

This initial evaluation process is aimed at discriminating between situations that
are irrelevant, benign/positive, or that imply some threat or challenge. In this sense,
only situations that imply a threat or challenge for the individual (loss or damage,



threat, and challenge) would be considered stressful (Cao et al. 2018). A stressful
situation reflects all those environmental, social, and internal stimuli that challenge
the adaptive capacities and resources of an individual (Monroe and Slavich 2016).
Under this concept, many of the situations generated by the COVID-19 pandemic
are stressful (Burtscher et al. 2020).
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Caballo and Anguiano (2002) mention that there are three types of events that can
function as stressors:

• Major changes that affect a large number of people: natural disasters, wars, or
pandemics are generally considered stressful due to the negative effects that they
produce and the limited control that can be had over them, regardless of their
duration.

• Major changes that affect a single person or a small number of people: natural
disasters, wars, or epidemics can also be included here because their effects can
occur in a smaller number of people. However, the death of relatives, the
diagnosis of an illness, the threat to life, a divorce, or loss of employment are
more clearly conceptualized in this category.

• The setbacks of daily life: This category includes all the situations we face due to
the way we live and where we live and work, for example, the constant demands
of a chronic illness, family problems, excessive responsibilities in the home or at
work, and feeling lonely, among others.

Based on the previous descriptions, it is clear that the setbacks of daily life can be
less impactful in negative terms than a natural disaster, experiencing a pandemic, or
experiencing the death of loved ones (Reynoso and Avila 2014). However, given the
extended duration and the frequency and intensity with which they occur (chronic
and acute demands), they can lead to greater difficulties in adapting to living
conditions and managing emotions and can have repercussions on health (Ben-Zur
2019; Biggs et al. 2017).

11.11 Stress and Repercussions on Health

Since the beginning of research on psychological stress, it has been linked to various
health problems such as infectious diseases, cancer, and cardiovascular diseases
(Lazarus 2000). For example, living with high levels of stress is a risk factor for
alterations in blood pressure, heart rate, insulin resistance, tissue damage, and
visceral adiposity (Brady and Matthews 2006; Bruce et al. 2009, 2015; Mooy
et al. 2000), as well as hyperglycemia in those living with diabetes (Surwit et al.
1992; Wales 1995).

In addition, over the last two decades studies have continued to examine the
relationship and effects of stress on autonomic processes (Kim et al. 2018; Lucini
et al. 2007; Uusitalo et al. 2011) inflammation, and immunity (Duric et al. 2016;
Graham et al. 2006; Salmoirago-Blotcher et al. 2019; Segerstrom and Miller 2004),
cardiovascular, metabolic, cancer, pain-related and respiratory diseases



(Christiansen et al. 2021; Grinde 2017; Johansen et al. 2017; Oren and Martinez
2020; Schnall et al. 2017), and psychological and psychiatric disorders (Maydych
2019; Zhaoyang et al. 2020). These studies have focused both on the general
population and on populations with specific occupations in the context of work
(Ganster and Rosen 2013; West et al. 2016).
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Another problem associated with stress has been insomnia (Basta et al. 2007); this
includes insomnia from stress related to the COVID-19 pandemic. For example, it
was reported that in different countries in North America, Europe, and Asia,
insomnia problems increased due to COVID-19 confinement and stress (Gualano
et al. 2020; Marelli et al. 2021; Stanton et al. 2020).

Although there are no figures in Latin America on the prevalence of sleep
disorders derived from the COVID-19 pandemic, there have been clear increases
in psychological problems including anxiety, depression, stress, post-traumatic
stress symptoms (rumination, avoidance, and physiological hyperarousal), con-
sumption of psychoactive substances and disruption of daily routines, which have
been associated with the development of sleep disorders (Caqueo-Urízar et al. 2020;
Cortés-Álvarez et al. 2020; González et al. 2020; Orellana and Orellana 2020;
Escobar-Córdoba et al. 2021).

Some of the explanations that link stress with the development of various diseases
are the result of the activation of the inflammatory-immune system response and
adaptation processes of the Central Nervous System (Graham et al. 2006). However,
in addition to these mechanisms, the execution of unhealthy behaviors (tobacco,
alcohol or drug use, sleep and eating disorders, and sedentary lifestyle) and ineffec-
tive behaviors to manage the stressful demands likely also have a role (O’Connor
et al. 2009; Orpana et al. 2007).

11.12 Stress Coping Strategies

Upon coming into contact with a stressful situation, individuals are forced to deal
with it through various cognitive and behavioral resources, known as coping strat-
egies. In other words, coping strategies are the behavioral repertoire that mediates
the relationship between the perception of stress and the process of adaptation
(Rodríguez et al. 2016).

Lazarus and Folkman (1984) proposed two general forms of coping:

• Emotion-oriented coping strategies: Cognitive and behavioral resources that are
implemented to reduce the degree of emotional distress, such as avoidance,
minimization, distraction, and selective attention, among others.

• Coping strategies aimed at the problem: Cognitive and behavioral resources that
are implemented to change the nature of the problem or its effects, they include
the definition of the problem, seeking a solution for it, and considering different
options based on the costs and benefits.
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When talking about stress, it is therefore always necessary to talk about the
coping process. When facing a situation, the individual’s primary determines
whether the situation involves loss/damage/threat/challenge and if so a stress
response will be favored. Subsequently, the individual will carry out a secondary
evaluation in which they define what can be done in the situation and what the results
would be, ending with the implementation of some form of coping. This process will
be regulated by the forecast, ambiguity, and controllability of the situation, as well as
its possible consequences (Rodríguez et al. 2016).

11.13 Psychological Treatment of Sleep Disorders

Within the context of the pandemic, the lifestyle change was reflected in a delay in
the sleep phase, increased periods of wakefulness after midnight, and decreased total
sleep time (Morin et al. 2020). According to the expected consensus in the face of the
health emergency, psychological interventions became more relevant, with behav-
ioral recommendations being a viable treatment option to reduce the adverse effects
of confinement (Crew et al. 2020; De Almondes et al. 2021). Techniques derived
from Cognitive-Behavioral Therapy for Insomnia (CBT-I) began to be applied as
preventive or therapeutic measures (Altena et al. 2020) and to avoid the side effects
of pharmacological treatment.

It is important to mention that CBT-I is an empirically validated treatment with
high efficacy, and it is considered the first-line treatment of choice (Haynes et al.
2018). This treatment lasts between six and eight sessions, administered weekly, in
individual or group format, in a health services office with a clinical psychologist,
online, or even using cell phone apps (Trauer et al. 2015; Álvarez-García et al.
2020). Usually, the CBT-I protocol consists of sleep restriction, stimulus control
therapy, relaxation techniques, sleep hygiene, and cognitive restructuring (Dopheide
2020).

11.14 Sleep Disorders and Coping Strategies During
the Pandemic

The first interventions were implemented to increase nighttime sleep; this is why
progressive muscle relaxation was outlined as an ideal procedure to increase sleep
time. Through guided instruction, the participants tensed and relaxed muscle groups
for periods of 10–15 s; the training was given in an intensive format of five weekly
sessions, obtaining an increase in the quality of sleep of the participants (Liu et al.
2020).

However, later studies showed that the application of multicomponent treatments
presented better results since they increased sleep quality and total sleep time and



decreased sleep onset latency and insomnia symptoms. An especially important
aspect of these interventions is that they were administered in group formats or
through teleconsultation, which reduced the risk of contagion for both the health
personnel and the patients (Becker 2022).
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Likewise, it was observed that people who presented coping strategies aimed at
the problem have better predictors of mental health (Budimir et al. 2021). This is
highly relevant since health workers are the most vulnerable population. Therefore,
education in this coping style makes it possible to reduce the psychological conse-
quences derived from work overload and the high risk of contagion and death (Liu
et al. 2021). Finally, it is reported that the strategies used mostly were acceptance,
active coping, positive reframing, use of emotional support, planning, and use of
instrumental support (Jewell et al. 2021).

11.15 Discussion

The COVID-19 pandemic has significantly affected sleep, causing high prevalences
of mental morbidity and symptoms of sleep disorders such as parasomnias, circadian
rhythm disorders, sleep-disordered breathing, sleep-related movement disorders,
and, most frequently, insomnia. These issues are due to multiple environmental
factors, including the loss of time indicators, psychosocial factors such as loss of
interaction in school, sports, or work environments, inadequate sleep hygiene, and
especially, cardio-respiratory and neurological (central and peripheral)
consequences.

As discussed in this chapter, one of the main treatment options for sleep disorders
(mainly insomnia) is CBT. This treatment has been shown to have a positive effect
on mental health and coping with stress (Friedrich et al. 2018), and improvements in
sleep quality led to improvements in mental health (Scott et al. 2021). Therefore, it is
very important to implement population strategies that aim to improve sleep quality
in conjunction with mental health. It is also of great importance to identify vulner-
able groups and design CBT-I protocols that include training in coping skills.

11.16 Research Agenda

There are sleep disorders that include negative emotional content, such as REM
sleep parasomnias (whose prevalence increased during the pandemic). It is therefore
necessary to investigate the possible beneficial effects of coping skills training on the
symptoms of nightmares, sleep paralysis, and REM sleep behavior disorder. Its
hypothesis deserves future research.

It would also be necessary to identify and resolve the main difficulties in
implementing coping skills training and CBT.
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11.17 Conclusion

It is very important to identify the specific needs of each patient in terms of sleep
disorders and coping styles to personalize this area of CBT (beyond insomnia),
improving the patient’s prognosis, avoiding pharmacological treatment (and its side
effects) to the extent possible, and reducing the risk of developing symptoms of
mental illness.
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Chapter 12
Sleep and Circadian Rhythm
in Post-COVID-19 Patients

Reaz Mahmud

Abstract The current COVID-19 pandemic caused enormous suffering to people in
the disease state and caused significant mortality; the morbidity of people after
COVID-19 is also alarming. It is named post-COVID conditions by WHO and
CDC USA. Its estimated prevalence ranges from 10% to 50%, and circadian rhythm
sleep disturbance is one of the essential symptoms of the post-COVID state. The
circadian sleep disturbance may appear isolated or comorbid, associated with other
symptoms like chronic fatigue syndrome, depression, post-traumatic stress disorder,
and anxiety. The relationship of the circadian rhythm disturbance with the comorbid
condition may be bidirectional. The circadian rhythm modulates gene expression,
body metabolism, immune status, and endocrine function of the body, as well as a
person’s behavior. So, the consequences of sleep rhythm disturbance may be
enormous.

The pathophysiology of sleep-rhythm disturbance in the post-COVID state is
mainly unknown and is still under research. Persistence of the organism or
prolonged and dysregulated inflammation also explains sleep, circadian rhythm,
and other neuropsychiatric disorders in the post-COVID period. The countermea-
sures against this disorder are still under research. Sleep extension, appropriate
bedtime recommendations, maintaining sleep hygiene and reciprocity between
physical activity and the circadian system, time-of-day-restricted feeding (TRF),
chronobiology, and drugs, like melatonin, may be an approach to treat such condi-
tions. The concept of chronology is the newer one; it identifies the body’s circadian
rhythm of various biologic responses and modifies the treatment to gain optimum
benefit.
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12.1 Introduction

The COVID-19 infection, and countermeasures containing the disease, change the
lifestyle of most people in the world. Compulsory home confinement changes the
daily rhythm and behavior of a significant number of the world population, influenc-
ing people’s circadian rhythm. Due to the lockdown, more people became flexible
about bedtimes and arousal time. It may sometime improve or deteriorate social jet
lag. The pandemic-induced negative mental well-being further exaggerates the
situation. During the lockdown, there was a shift to a later bedtime, reduced night-
sleep time, and increased daytime sleeping (Gupta et al. 2020) among the general
population. The infection with COVID-19 further escalates the sleep problem. A
study found that 57% (vs. 18% in the general population) of COVID-19-infected
patients complained of sleep problems (Alimoradi et al. 2021). Among COVID-19-
infected patients, young adolescent people, and healthcare workers, the prevalence is
high (Jahrami et al. 2022). Many patients remain unwell even after the apparent cure
of COVID-19. Various nomenclature has been used to define conditions, like long
COVID, long haul COVID, post-COVID syndrome, and post-acute COVID-19.
Sleep problem was also reported among the wide range of symptoms, like fatigue,
cough, and dyspnea (Mahmud et al. 2021). Even 6 months after the COVID-19
infection, the patients suffered from fatigue, anxiety, and sleep problems (Huang
et al. 2021). It may be a part of chronic fatigue syndrome, psychiatric disorders
(depression, anxiety, adjustment disorder), or an isolated one. Three forms of sleep
problems, insomnia, hypersomnia, and sleep cycle or circadian rhythm disorders, are
commonly found in different works of literature. Approximately one-third of the
patients had increased sleep, and one-third reported decreased sleep quality (Tsang
et al. 2021). Whether sleep or circadian rhythm disorders are the risk factors for the
post-COVID-19 condition or socioeconomic consequences, personal stress, or the
neurologic effect of COVID-19 cause the sleep or circadian rhythm in the post-
COVID state is a matter of debate. Some literature emphasizes the bidirectional
relationship between sleep, circadian rhythms disorders, inflammation, and immu-
nity (Giri et al. 2021).

12.2 Circadian Rhythm Sleep–Wake Disorders

Circadian Rhythm Sleep–Wake Disorders are the groups of sleep disorders resulting
from alteration, disruption of the core clock, or misaligning endogenous clock with
the body’s sleep–wake schedule. There are two categories of circadian Rhythm
Sleep–Wake Disorders; transient disorders (caused by extrinsic factors, like shift
work and jet lag) and chronic disorders (caused by intrinsic factors). The subclassi-
fication of chronic disorders includes (1) Advanced sleep–wake phase disorder
(extremely early bird) (2) Delayed sleep–wake phase disorder (extreme night owl),
(3) Non-24-h sleep–wake rhythm disorder (drifting circadian rhythm), and Irregular



sleep–wake rhythm disorder (no rhythm) (American Academy of Sleep Medicine
2014).
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Among the sleep–wake rhythm disorders, the most common is delayed sleep–
wake phase disorder. Its prevalence varies according to age; in adolescents and
young adults, 3.3% and 4.6%, and in adults, 0.2–1.7% (Lee 2020). In the COVID-19
pandemic era, the prevalence should be higher. A meta-analysis showed that the
global prevalence of sleep problems reached 35% and is the highest among COVID-
19 sufferers (Jahrami et al. 2021).

The patient usually presents with insomnia, hypersomnia, difficulty waking up in
the morning, and early evening sleepiness according to the subtype of the disorder.
Its diagnosis is mainly clinical; diagnostic criteria may help. Imaging, actigraphy,
and overnight polysomnography may help to establish the diagnosis and exclude the
differentials.

12.3 Post COVID-19 Condition

The CDC (USA) and WHO agreed on using the term “post-COVID condition” to
define the various post-COVID sufferings. They defined post-COVID conditions as
a wide range of new, returning, or ongoing health problems people can experience
4 or more weeks after first being infected with the virus that causes COVID-19 (CDC
2021). The estimated prevalence of post-covid conditions ranges from 10% to 50%
in various literature (Carfì et al. 2020; Logue et al. 2021; Townsend et al. 2020;
Mahmud et al. 2021).

There is an overlap between COVID-19 and post-COVID features; fatigue,
cough, and dyspnea are important. In addition, sleep disturbances during COVID-
19 also overlapped with the post-COVID state, like insomnia, circadian rhythm
abnormalities, excessive daytime sleepiness, and restless leg syndrome (Fig. 12.1).

12.4 Post-COVID-19 condition and Sleep-Circadian
Rhythm Disorders

12.4.1 Epidemiology

The impact of the COVID-19 pandemic on the life of the people of the whole world
is enormous. The fear of COVID-19 and its consequences, enforced isolation, social
insecurity, financial hardship, an atypical work schedule, and inappropriate use of
electronic devices and social media are harming people’s physical and mental health.
The ultimate consequence is that people become more anxious and depressed. Sleep
problem is also a consequence among the general population and professional
groups. In a recent meta-analysis, about 40% of the general population and
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healthcare workers were found to have sleep problems. The pooled prevalence of
sleep problems among patients with COVID-19 was about 75% (Jahrami et al.
2021). There is a 20% increase in the consumption of sleeping pills. Circadian
rhythm disturbances were highly prevalent sleep problems; about two-thirds of
patients with sleep problems had some form of sleep cycle disturbances during
this era. This problem also continued among the COVID-19-affected patient in the
post-covid recovery. About 80% of the COVID-19-affected patients had circadian
sleep–wake rhythm disturbances (Boiko et al. 2022). Moderate to severe sleep
problem was found in 30% of the instances (El Sayed et al. 2021).
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Sleep and circadian rhythm disturbances in the post-COVID state may be isolated
or may be found as a comorbid condition along with other neuropsychiatric condi-
tions. It was found as an isolated phenomenon in about 2–30% of the instances
(Mahmud et al. 2021; Premraj et al. 2022).

12.4.2 Risk Factors for the Development of Sleep–Wake
Cycle Disorder

Increasing age might be a potential risk factor. The circadian rhythm system is less
efficient among the elderly than the young (Gulia and Kumar 2018). Melatonin, the
hormonal regulator of the circadian rhythm, starts to secrete from 3 to 4 months of
age, peaks at 8–10 years, and decreases after 40 years (Poza et al. 2018). It was found
that patients aged >36 develop moderate to severe sleep problems in the post-
COVID state (El Sayed et al. 2021).

Gender differences exist even in the duration and architecture of normal sleep
(Mallampalli and Carter 2014); sleep latency is longer in women than men. Men
remain more in NREM stage 1 and stage 2 sleep, and females remain more in slow
wave sleep. Women have a 40% more risk of developing insomnia (Zhuang et al.
2017). Hormonal modulation of the circadian rhythm, psychosocial factors, and
associated comorbid psychiatric disorders might play a role. Regarding post-COVID
sleep-rhythm disturbance, females are 1.7 times more vulnerable to developing such
a sleep disorder.

Sleep disparity also prevails in the race; poverty and the African-Latino race have
increased poor sleep quality (Patel et al. 2010). Like other diseases, racial disparity
exists in the outcome of COVID patients, both in terms of mortality and post-
COVID conditions. Social disparity, environmental conditions, and genetic predis-
position to a particular disease might play a role (Johnson 2020). Moderate to severe
insomnia is highly prevalent among black.

Low-level functioning is associated with post-covid sleep cycle rhythm distur-
bances, increasing twice the risk of sleep disturbance in a post-covid state (El Sayed
et al. 2021). In addition, a bidirectional relationship exists between physical func-
tioning and sleep–wake cycle disturbance (Kline 2014).
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In the pandemic era, many patients required ICU admission (Tan et al. 2012).
Critical-care survival patients suffered physical, mental, and cognitive impairment
even after 1 year of discharge (Heesakkers et al. 2022). Critically ill patients are
susceptible to circadian rhythm dysrhythmia resulting in sleep disturbance and
delirium (Daou et al. 2020). The Loss of the sensory cues to the master clock,
abnormal melatonin secretion, the wrong thing at the wrong time, mitochondrial
dysfunction due to inflammation, or drugs used in ICU like propofol, remdesivir, and
steroids might play roles behind it. Remdesivir causes phase shift in Clock, Per1, and
Per2 and has the potential to alter the sleep–wake cycle (Faltraco et al. 2021).

12.4.3 Comorbid Conditions

Anxiety, post-traumatic stress disorder, depression, and chronic fatigue syndrome
are prevalent in the post-COVID state. There is a bidirectional relationship between
these comorbid conditions and sleep cycle disturbances.

According to the WHO, the prevalence of anxiety and depression increased by
25% in the COVID era. About half of the COVID-19 hospital survivors developed
anxiety, depression, or sleep-related problems (Fernández-de-Las-Peñas et al. 2021).
An increase in anxiety state is associated with the delayed sleep phase, non-24 h
rhythm, and irregular phase of sleep disorder (Daou et al. 2020).

Myalgic encephalomyelitis (ME) and chronic fatigue syndrome (CFS) is a
chronic, disabling condition (Committee on the Diagnostic Criteria for Myalgic
Encephalomyelitis 2015). The etiology is largely unknown. The symptoms might
be triggered by an infection or other prodromal events, like vaccination, anesthesia,
physical injury, or exposure to different environmental toxins (Carruthers et al.
2003). The disease has been renamed as systemic exertion intolerance disease
(SEID) by the Institute of Medicine (IOM) (Committee on the Diagnostic Criteria
for Myalgic Encephalomyelitis 2015).

Fatigue is the most common persistent symptom (Logue et al. 2021; Carfì et al.
2020; Townsend et al. 2020) in the post-COVID state. The estimated prevalence
ranges from 10% to 50% in other literature. The etiology of this condition is still
undetermined. The spread of the virus to the hypothalamus and the resulting
formation of pro-inflammatory cytokines, interleukins, and interferon-gamma is
one of the suggested mechanisms (Tenforde et al. 2020). Immunologic alteration
(Qin et al. 2020; Chen et al. 2020; Zhou et al. 2020) due to SARS CoV-2 might also
play a role in developing post-viral fatigue. Due to this fatigue, about one-third of the
patient did not return to everyday life (Logue et al. 2021), and a similar number of
patients did not return to their job (Townsend et al. 2020). Whether sleep and rhythm
disturbances are due to chronic fatigue syndrome, or sleep and rhythm disturbance
are the risk factor for developing chronic fatigue syndrome is a debate. The circadian
rhythm disturbances desynchronize the body’s physiology, disrupting metabolism
and energy and giving rise to fatigue. Genetic alteration in the clock gene is
identified in patients with chronic fatigue syndrome. SARS CoV-2 upregulates the



transforming growth factor beta in the peripheral tissue. Other dysregulated cyto-
kines may have a role in developing chronic fatigue syndrome.
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12.4.4 The Pattern of Sleep Cycle Disturbance
in the Post-COVID State

The duration of sleep increased among the general population during the pandemic
era. A study showed that the average sleep duration before the pandemic was 6.9 h
but after the pandemic it increased to 7.2 h (Mandelkorn et al. 2021). The frequency
of the patient resting in the bed for less than 7 h decreased from 42% to 35%.
Another study showed a higher mean PSQI score among post-covid patients
(6.28 ± 2.11 vs. 3.22) (Choudhry et al. 2021).

The global PSQI score is about 16 among post-covid patients (El Sayed et al.
2021). In that study, among the sub-types of circadian rhythm disorders, delayed
sleep phase disorder was found in half of the patients. Advanced sleep phase disorder
was found in 25% of patients, irregular sleep phase disorders in 20%, and non-24-h
rhythm in 10%. Another study reported that COVID-19 increased the risk of
developing delayed sleep phase disorders by 1.5 times (Boiko et al. 2022). Another
study showed an association between poor sleep quality, early morning awakening,
and daytime sleepiness with COVID-19 (Partinen et al. 2021). The critically ill
patient had increased stage 1 and 2 sleep, less slow wave sleep, and frequent arousal
(Cooper et al. 2000).

12.4.5 Pathophysiology of Post-COVID-19 Circadian
Rhythms Disturbances

Circadian rhythms are the natural body’s timekeeping system with two components
(Dibner et al. 2010), the Central pacemaker (the Suprachiasmatic nuclei) and the
Subsidiary peripheral clocks (every cell of the body). The sleep-wake state is the
prime regulator of the circadian rhythm but temperature, different hormones, nutri-
ents, feeding status, and physical activity influence the circadian rhythm (Güldür and
Otlu 2017). Borbely (1982) explained a two-process model of sleep. Process-S
activate in wakefulness, and Process-C in sleep are two endogenous drivers of the
sleep–wake cycle. The interaction between these two determines sleep onset, dura-
tion, and structure. The lateral hypothalamus and the ventrolateral preoptic nuclei
(VLPO) interact to promote sleep or awake states. The orexin (also known as
hypocretin) neurons in the lateral hypothalamus project to the mid-brain and hind-
brain to excite the monoaminergic neurons, the cholinergic neurons, and the
glutaminergic neurons. Inhibition or activation of monoaminergic or cholinergic
neurons determines REM or NREM sleep (Foster 2020). Adrenergic fiber from the



SCN regulates the synthesis of melatonin by the pineal gland; receptor in the SCN
(MT (1) and MT (2) melatonin receptors) also acts in a feedback fashion
(Dubocovich 2007).
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Several neuropathologic changes occur in the brain due to inflammation in
COVID-19, like hippocampal (Solomon 2020) and cortical atrophy (Generoso
et al. 2021), hypoxic ischemic changes (Radnis et al. 2020), and small vessel disease
(Lowenstein and Solomon 2020). The blood–brain barrier does not protect the
hypothalamus and other circumventricular organs. SARS CoV-2 activates the
hypothalamic–pituitary–adrenocortical (HPA) axis with innate pro-inflammatory
cytokines (TNF-α, IL-1, and IL-6) and interferons, and late acquired T cell cytokines
(IL-2 and IFN-γ) (Mussa et al. 2021). The persistence of the virus and prolonged and
dysregulated inflammation in the hypothalamus (Tate et al. 2022) disrupt sleep’s
neuronal and humoral mechanism. It also disrupts the interaction of process-C and
process-S endogenous drivers. The circadian rhythm modulates gene expression
(Hsu and Harmer 2014), body metabolism (Asher and Sassone-Corsi 2015), immune
status (Labrecque and Cermakian 2015; Zhuang et al. 2017; Haspel et al. 2020),
endocrine function (Kriegsfeld and Silver 2006), and body’s physiology according
to environmental changes (Rosbash 2009) as well as person’s behavior (Roenneberg
et al. 2015). The primary physiologic systems of the body, like the digestive system,
blood pressure regulating system, immune system, autonomic system, and human
behavior, need to synchronize with the sleep–wake cycle. The desynchronization
leads to the disruption of different physiologic systems of the body. It explains sleep,
circadian rhythm disturbance, and its consequences on health in the post-COVID-19
state.

The time-to-time adjustment (photoentrainment) in response to a change in the
amount of environmental light is the process’s primary time cue (zeitgeber)
(Roenneberg and Foster 1997). A distinct pathway different from the image-forming
visual pathway, the retinohypothalamic tract (RHT) conveys the photic stimulation
to the suprachiasmatic nucleus (SCN) (Peirson et al. 2009). Due to quarantine, a shift
of rhythm about 3 h ahead was observed, which reduces exposure to sunlight and
physical activity (Daou et al. 2020). The quarantine-associated shift of sleep pattern
may also be responsible for sleep cycle disorder in the post-COVID state.

Most of the body’s cells contain corresponding circadian clock genes, which act
autonomously to maintain the rhythm (Mohawk et al. 2012). They act through
feedback and feed-forward methods to influence the transcription and translation
of the proteins (Bailey et al. 2014). CLOCK and BMAL1 are the core clock genes.
The core clock genes transactivate their negative regulator, the Per1, Per2, Cry1, and
Cry2 genes (Yoshitane et al. 2019). Identifying the reason for the predisposition to
certain groups needs further research. In addition, many genetic polymorphisms
were found among the Clock genes. A study found that The PER3 polymorphism
(rs228697) may be associated with a diurnal preference for sleep (Hida et al. 2014).
This field requires further exploration of the post-COVID-19 conditions.

The influence of shift work on the sleep cycle is noteworthy. Night-shift workers
had a higher prevalence of COVID-19 infection as well (Loef et al. 2022).
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The influence of some biological phenomena was observed in a study conducted
to observe sleep patterns from continuous signals collected via wearable wristbands
(Mekhael et al. 2022). They found a correlation between different heart rates,
respiratory rate SPO2 on sleep quality. In addition, they found that post-COVID
patients had decreased light sleep phase and deep sleep time.

12.4.6 The Primary Mechanism of Circadian Sleep
Disturbances in Post-COVID Conditions

The primary mechanism for the sleep cycle disturbances in post-COVID patients
includes environmental LD (light-dark cycle) cycle disruption, changes in eating
behavior, physiologic disruption, immune dysregulation, and genetic predisposition.
These mechanisms are altered in the post-covid state by different conditions. All the
mechanisms are co-related in a person on different scales resulting the sleep–wake
cycle disturbances.

Lockdown or quarantine during COVID affected period disrupts the LD cycle
and changes the eating and rest pattern (Cellini et al. 2020). In the strict lockdown,
midsleep times were delayed and became less variable, reducing resting heart rate
(Ong et al. 2021). A study on the 12-week confinement impact revealed a reduction
in sunlight exposure, delay in taking the main meal, increment in sedentarism, delay
in sleep onset, and decrease in sleep duration (Baquerizo-Sedano et al. 2021). Long-
term hospitalization or remaining in ICU causes physiologic disruption and immune
dysregulation along with these mechanisms. Increasing age causes physiologic and
immunologic disruption, and gender additionally causes genetic predisposition
causing cycle disruption. Night-shift work, prior sleep cycle disorder, and prior
degenerative brain diseases increased the risk of such disorders in the post-COVID
state. Financial suffering and confinement were also associated with all sleep-related
problems in a post-COVID state (Partinen et al. 2021) (Table 12.1).

12.4.7 Possible Health Consequences of the Post-COVID
Sleep Cycle Disturbances

Sleep cycle disturbance causes alteration of the body’s physiology, giving rise to
short- and long-term consequences. However, the long-term consequences of post-
COVID sleep disturbances are yet to be studied.

Sleep deprivation activates the hypothalamic-pituitary-adrenal (HPA) axis and
the sympathoadrenal-medullary (SAM) drive, increasing ACTH, cortisol, and adren-
aline. Thus, it creates a stress response that causes hyperglycemia, tachycardia,
elevated blood pressure, suppression of the immune response, and slowed digestion
and cognition. Additionally, long-term sleep disturbances decrease leptin levels and



220 R. Mahmud

T
ab

le
12

.1
T
he

pr
im

ar
y
m
ec
ha
ni
sm

of
ci
rc
ad
ia
n
sl
ee
p
di
st
ur
ba
nc
es

in
po

st
-C
O
V
ID

co
nd

iti
on

s

M
ec
ha
ni
sm

E
nv

ir
on

m
en
ta
l
L
D

cy
cl
e
di
sr
up

tio
n

E
at
in
g

be
ha
vi
or

R
es
t

be
ha
vi
or

G
en
et
ic

di
sr
up

tio
n

P
hy

si
ol
og

ic
di
sr
up

tio
n

Im
m
un

e
dy

sr
eg
ul
at
io
n

R
is
k

fa
ct
or

S
ou

rc
e

L
oc
kd

ow
n
or

qu
ar
an
tin

e
du

ri
ng

C
O
V
ID

af
fe
ct
ed

pe
ri
od

Y
es

Y
es

Y
es

L
on

g-
te
rm

ho
sp
ita
liz
at
io
n
or

re
m
ai
ni
ng

in
IC
U

Y
es

Y
es

Y
es

Y
es

Y
es

P
ri
or

sh
if
t
w
or
k

Y
es

Y
es

Y
es

U
nu

su
al
ph

ot
op

er
io
ds

Y
es

P
ri
or

sl
ee
p
cy
cl
e
di
so
rd
er

Y
es

E
ld
er
ly

Y
es

Y
es

G
en
de
r

Y
es

Y
es

Y
es

C
om

or
bi
d
di
se
as
e,
lik

e
de
m
en
tia

Y
es

A
dd

ic
tio

n
to

an
dr
oi
d/
F
ac
eb
oo

k
Y
es

Y
es

Y
es

In
cr
ea
si
ng

us
e
of

st
er
oi
d
an
d
ot
he
r
im

m
un

e
m
od

ul
at
io
n
ag
en
ts

Y
es



increase ghrelin levels, which may lead to obesity and type II diabetes. In the long
run, it is a risk factor for certain malignancies (Foster 2020).
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Circadian rhythm abnormalities are positively associated with depression and
anxiety. Depression occurs more in multiple circadian abnormalities, and anxiety
occurs more in single circadian rhythm abnormalities (Tao et al. 2021). The under-
lying mechanism is not precise; some studies revealed that circadian genes CRY1,
CRY2, PER2, and NPAS2 polymorphism have a higher risk for major depressive
disorder (Melhuish Beaupre et al. 2018), and a study in mice revealed a lack of CRY
1 and 2 proteins have an association with anxiety (Charrier et al. 2017).

A study showed that in post-COVID patients, insomnia severity was positively
correlated with dysfunction in several domains of the quality-of-life scale SF
36, including physical functioning and role limitation due to emotional and physical
problems (El Sayed et al. 2021).

12.4.8 Diagnosis of Circadian Rhythms in Post-COVID
Patients

The diagnosis of circadian rhythm disorders is mainly clinical. According to types of
circadian rhythm disorder, patients present with falling asleep, staying asleep,
waking up too early, getting sleep but not feeling refreshed by it, and feeling alert
during the day. Moreover, the patient might commonly have fatigue, cognitive
disturbances, comorbid anxiety, and headaches.

In the delayed sleep phase disorder, patients sleep late and wake up late; in
advanced sleep phase disorder, patients lie down early and wake up early; in
irregular sleep–wake rhythm, patients take several naps in 24 h; in non-24-h
sleep–wake syndrome, the internal clock is longer. In the post-COVID state, patients
usually have delayed sleep phase disorder. The prevalence of the disorder is not
associated with COVID-19; the prevalence is the same as the general population.

To diagnose correctly, the clinician should consider the sleep habits of the patient,
including the usual bedtime, sleep duration, sleep latency, and frequency of
wakening up.

12.4.9 Investigations to Diagnose Circadian Rhythm
Disorders

In general, laboratory and sleep investigations are unnecessary in diagnosing circa-
dian rhythm disorders. However, sometimes it is necessary to exclude narcolepsy,
obstructive sleep apnea, hypersomnia, and other sleep disorder. Multiple sleep
latency tests, polysomnograms, and actigraphy may help exclude sleep disorders
that overlap or coexist with circadian rhythm disorders. Brain imaging is usually



unnecessary and may be done in the case of comorbid dementia and other neurode-
generative diseases. In actigraphy, patients wear watches that record sleep onset
time, wake time, and physiologic variables, like heart rate and respiratory rate. It
helps to objectively document sleep patterns and sleep duration.
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12.4.10 Countermeasures Against the Development
of Rhythm Disturbances

The sleep cycle disturbances in the post-COVID state have an enormous impact on
the well-being of the patients, and it delays the return to the job or reduces job
performance. It has been shown that only 1.5 h of sleep reduction for one night
reduces daytime alertness by 32% (Bonnet and Arand 1995). So, to get optimum
productivity of the working population in the post-COVID era, proper intervention is
necessary to overcome the sleep–wake cycle disturbances (Table 12.2).

Gradual extension in sleep time may reduce sleep latency, increase sleep dura-
tion, and improve visuospatial cognitive performances (Dewald-Kaufmann et al.
2013). In addition, a behavioral intervention like an appropriate bedtime recommen-
dation may improve sleep initiation and maintenance by 53% (Priday et al. 2016).

Sleep hygiene is a behavior that can improve sleep quality and quantity. Peter
Hauri first introduced this concept. Sleep hygiene intervention improves sleep
quality (Tan et al. 2012). Sleep does not rely only on bedtime behavior but also
the daytime activities as well. The daytime physical exercise, exposure to sunlight,
stress, etc., affect sleep. We should have a consistent wake up time, bedtime, and
wind-down time before going to sleep. It is advisable to take a short mid-day nap, not
excessive naps in the day, and it should be less than 20 min and not within 6 h of
night sleep. We should optimize the light and temperature during bedtime. The
electronic devices emit blue light, which decreases the slow wave and REM sleep
and increases the time lag between bedtime and sleep onset. So in the post-COVID-
19 era, we should rationally use electronic devices. A way to relax is essential for
sleep behavior. One should adopt relaxation techniques for himself, like deep,
Calming music, quiet reading, yoga, etc. (Fig. 12.2).

Table 12.2 Countermeasure against the development of rhythm disturbances in post-COVID state

1. Sleep extension

2. Appropriate bedtime recommendation

3. Sleep hygiene

4. Reciprocity between physical activity and the circadian system

5. Time-of-day-restricted feeding (TRF)

6. Daytime exposure to natural light

7. Chronobiology

8. Drugs
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Fig. 12.2 Sleep hygiene. Good quality sleep in post-COVID state requires maintenance of sleep
hygiene during the day, before bed, bedroom environment, and in-bed behavior

Exercise induces some physiologic changes, including circadian rhythm (Buman
and King 2010). For example, morning exercise enhances parasympathetic activity
(Yamanaka et al. 2015), and evening exercise increases the heart rate, and delays
sleep by 1 h. This change may be due to a phase shift of melatonin secretion (Buxton
et al. 1997). So, the patient who recovered from COVID-19 should be advised to
exercise regularly. Nevertheless, rehabilitation and exercise in recovering COVID-
19 patients should be carefully planned, as some may still have hypoxia and
breathing difficulty in recovery. WHOmade a guideline for such a self-rehabilitation
process (WHO 2020). Before recommending an exercise, the safety should be
assessed. If one can speak the whole sentence without stopping and is not feeling
breathless, then he can exercise harder. However, it should be graded, warming up
exercise for 5 min, fitness exercise for 20–30 min, 5 days each week, and some
strengthening exercise according to exercise capability and cool down exercise for
5 min.
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In time-restricted feeding, feeding time is restricted to <12 h; it ensures >12 h of
fasting and improves the circadian rhythm (Longo and Panda 2016). The circadian
misalignment in feeding and sleep leads to increased glucose, decreased leptin,
increased insulin secretion, reversed cortisol secretion rhythm, increased mean
arterial pressure, and reduced sleep efficiency. The circadian rhythm fast 16:8 may
be a suitable approach for the post-COVID patient to improve metabolic derange-
ment. Several studies have found this approach to improve health-related biomarkers
(Gabel et al. 2018; Moro et al. 2016).

The daytime behavior influences sleep at night. It is encouraged to have as much
natural light as possible, promoting vitamin D synthesis. Vitamin D might have a
pleiotropic effect regulating the sleep–wake cycle (Romano et al. 2020) as melatonin
production. Vitamin D deficiency is a risk factor for developing restless leg syn-
drome, which also indirectly influences sleep quality at night. A study revealed that
sunlight exposure correlated with COVID-19 recovery (Asyary and Veruswati
2020). Fair-skinned people of color need 20–30 min of mid-day sun exposure, and
dark-skin-colored people require 30–40 min of sun exposure 3–4 times a week for
optimum vitamin D synthesis (Sidiropoulou et al. 2021). So we can recommend that
in a post-COVID state, people should have at least 30 min of sun exposure in
mid-day at least thrice per week.

12.5 Chronobiology

The concept is to identify the body’s circadian rhythm of various biologic responses
and modify the treatment to gain optimum benefit. It is essential for the application
of a drug to respect the circadian rhythm, its role in the management of the acute care
setting is under investigation. Delirium is an essential consequence of circadian
dysrhythmia in critical-care settings (McKenna et al. 2018). The sleep–awake
inversion in critical-care settings may give rise to sleep cycle disturbance. Again,
we need to respect the circadian rhythm of feeding time and immune response during
an intervention. If not appropriately followed may give rise to metabolic derange-
ment and impaired wound healing, respectively. So the concept of doing the right
thing at a suitable time prevails (Table 12.3).

12.5.1 Melatonin

Melatonin is a chronobiologic agent; chemically, it is five methoxy-N-
acetyltryptamine. It is mainly secreted from the pineal gland. However, sources
like the retina, bone marrow cells, platelets, skin, lymphocytes, the Harderian gland,
cerebellum, and gastrointestinal tract have been identified (Tordjman et al. 2017).
Pinealocytes synthesize it from the amino acid tryptophan (Axelrod and Weissbach
1960).
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Table 12.3 Chronobiologic approach to preventing dysrhythmia in ICU (McKenna et al. 2018)

Zeitgeber Ideal ICU environment

Light • Bright-light daylight hours (>1000 lx)
• Minimize light pollution at night (<1 lx, consider)
• Eye masks at night

Feeding • Intermittent daytime feeding aligned with usual meal times
• Avoid continuous and overnight feeding

Temperature • Warmer environment during the day and cooler at night

Exercise rehabilitation • Similar time each day
• Take patient chronotype into consideration when planning
schedule

Noise • Minimize noise during the nighttime
• Ear plugs at night

Medical and nursing
interventions

• Minimize at night and cohort together
• For non-sedated patients, allow patients to sleep according to their
natural schedule, rather than a staff-based schedule

Sedative drugs • Minimize use through regular review and avoid “sleeping tablets”
• Consider melatonin (up to 5 mg) at 0900 h as circadian preserving
sleep aide
• When possible, give drugs at the time of day least disturbing to
circadian rhythms

In the body, it is mainly synthesized in darkness, irrespective of sleep state,
beginning to rise at 20.00, peaking at 00.00–03.00, and reaching baseline at 6.00
among those who sleep early and wake up early. The peak plasma concentration at
night ranges from 100 to 200 pg/mL and 10 to 30 pg/mL during the day. It is mainly
applied orally, reaches a peak within 30 min, and remains in the body for 4–8 h.
Typical doses of melatonin are 2.5–3 mg in children and 5–10 mg in adolescents and
adults. It acts through the MT1 and MT2 receptors. Melatonin resynchronizes the
circadian rhythm and the sleep–wake cycle. It also modulates neuroendocrine and
sexual behavior. It may have antioxidant properties and an oncostatin effect. It may
be used in primary insomnia, comorbid insomnia with psychiatric disorders, or
neurodegenerative diseases. It might be a potential treatment for COVID and post-
COVID conditions (Wichniak et al. 2021).

12.6 Conclusion

Post-COVID sleep–wake rhythm disturbance is one of the morbidities in the post-
COVID state. There is little research available to identify the condition’s magnitude,
pattern, and risk factors, and scarcity of research regarding the potential intervention
of this problem. Extensive research is demanded regarding the epidemiology, extent
of suffering, and potential intervention. Whether vaccination reduces the burden of
this condition is unknown.
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Chapter 13
COVID-19 and Obstructive Sleep Apnoea

Laura M. Piggott, Cara M. Gill, and Brian D. Kent

Abstract Obstructive sleep apnoea (OSA) is the most common physical sleep
disorder. Many factors placing patients at increased risk of severe COVID-19 illness
are shared with OSA, including male sex, obesity, diabetes, and increasing age. OSA
also shares several symptoms with post-acute or long COVID, such as poor quality,
unrefreshing sleep, and daytime fatigue and tiredness. Hence, there has been signif-
icant interest in interactions between OSA and COVID-19. Several large, but
predominantly retrospective, studies have suggested that OSA patients are at greater
risk of severe COVID-19 illness. While CPAP usage ameliorates many factors
associated with adverse outcomes in COVID-19, it remains unclear if this translates
into CPAP therapy modifying the severity of SARS-CoV-2 infection. Indeed,
several studies have identified treated OSA as an important predictor of COVID-
19-related death but are likely significantly confounded by the presence of large
numbers of undiagnosed OSA patients in their study populations. The COVID-19
has certainly had a marked impact on sleep services and their ability to diagnose and
treat OSA, with pandemic-induced reductions in face-to-face care potentially being
associated with reduced adherence to CPAP therapy in newly diagnosed patients.
Finally, there is likely a high burden of OSA in long COVID cohorts; what effect
identifying and treating this will have on their symptoms remains to be seen.
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13.1 Introduction

Globally, there have been more than 600 million cases of coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). This has resulted in millions of deaths worldwide, with significant long-
term morbidity in countless others (WHO 2022). Age, obesity, hypertension, type
2 diabetes (T2D), cardiovascular disease, and ethnic minority status are risk factors
for poor outcomes in COVID-19, most of which are also common to obstructive
sleep apnoea (OSA) (Cappuccio and Siani 2020; Richardson et al. 2020). Mortality
and morbidity in COVID-19 arise from hypoxemic respiratory failure, multi-organ
failure, venous or arterial thromboembolism, and cardiovascular complications, such
as myocarditis and myocardial infarction (Leisman et al. 2020; Elezkurtaj et al.
2021; Gacche et al. 2021). The World Health Organization (WHO) defines mild
COVID-19 as ambulatory patients, moderate COVID-19 as hospitalised patients
including those requiring oxygen therapy, and severe COVID-19 as hospitalised
patients requiring high-flow nasal oxygen, non-invasive ventilation, or invasive
ventilatory support (World Health Organisation 2020). Research has suggested
that the rapid deterioration in patients with COVID-19 arises from a cytokine
storm, coupled with coagulation dysfunction. These factors have also been demon-
strated in less severe forms in OSA patients. The available evidence suggests that
patients with OSA are at higher risk of morbidity and mortality from COVID-19
infection. There are numerous potential mechanisms for such an observation, though
whether OSA is in itself an independent risk factor remains to be definitively proven.
This chapter aims to explore the relationships between OSA and COVID-19 infec-
tion. We will discuss potential mechanistic pathways for increased susceptibility to
COVID-19 infection, as well as factors related to worse outcomes. We will review
studies and meta-analyses published to date that examine this hypothesis and will
also review evidence suggesting that people with severe COVID-19 infection are at
higher risk of subsequently developing OSA.

OSA is the most common sleep-related breathing disorder, affecting almost one
billion people worldwide, a significant proportion of whom are undiagnosed
(Benjafield et al. 2019). It is characterised by transient upper airway obstruction,
resulting in disrupted breathing, oxygen desaturation, and arousal from sleep (Riha
2021). Based on the apnoea-hypopnoea index (AHI), the severity of sleep apnoea is
categorised as mild (AHI 5–14), moderate (AHI 15–30), and severe (AHI >30)
(Sleep-related breathing disorders in adults: recommendations for syndrome defini-
tion and measurement techniques in clinical research. The Report of an American
Academy of Sleep Medicine Task Force 1999; Kheirandish-Gozal and Gozal 2019).
Common daytime symptoms of OSA include excessive somnolence and cognitive
dysfunction, and it is strongly associated with cardiovascular and metabolic
co-morbidity (Gildeh et al. 2016; Kent et al. 2011). Untreated, it is associated with
a two- to threefold increased risk of mortality (Punjabi et al. 2009). Treatment
frequently involves devices to maintain upper airway structure (for example



mandibular repositioning devices) or continuous positive airway pressure (CPAP)
therapy.
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13.2 Susceptibility to SARS-CoV-2 Infection

Hypoxemia, as a consequence of untreated OSA, results in dysregulation of the
renin-angiotensin axis with over-expression of angiotensin-converting enzyme
2 (ACE2) (Jin and Wei 2016). ACE2 is a key entry receptor for SARS-CoV-2 in
human cells (Hoffmann et al. 2020) and thus potentially represents a predisposition
to contracting COVID-19. Several studies have suggested that this putative mech-
anism may translate into an increased risk of COVID-19 in OSA. A retrospective
analysis of over 80,000 patients with OSA found that patients with more severe OSA
were more likely to have contracted COVID-19 at that point of the pandemic
(OR 1.27; 95% CI 1.07–1.51) (Shi et al. 2021). Furthermore, other authors have
identified an even stronger correlation between the two, with Najafi et al. identifying
that patients with severe OSA were twice as likely to contract COVID-19 than those
with mild disease (Najafi et al. 2021), and Maas et al. found that people living with
OSA had an eightfold increase in susceptibility to COVID-19 infection than those
without (Maas et al. 2021). While other studies have not confirmed this relationship
(Strausz et al. 2021), it will be difficult for future trials to clarify this particular
question given the global prevalence of COVID-19 at this point.

13.3 Inflammation in OSA and COVID-19

OSA has been demonstrated to exacerbate systemic inflammation, oxidative stress,
and endothelial dysfunction leading to an increased risk of cardiovascular morbidity
and mortality (Kent et al. 2011; Lavie 2009; Bironneau et al. 2020). Tumour necrosis
factor-α (TNFα), a classic pro-inflammatory cytokine, is upregulated during sleep
deprivation. In turn, this leads to the activation of nuclear factor kβ pathways
activating nitric oxide synthase, cyclooxygenase 2, and adenosine A1 receptors
(Kheirandish-Gozal and Gozal 2019). Similarly, intermittent hypoxia and chronic
sleep fragmentation induce adipose tissue inflammation and interleukin-6 (IL-6)-
driven endothelial dysfunction (Kheirandish-Gozal and Gozal 2019). In addition,
lung injury may be potentiated by repeated airway obstruction (Memtsoudis et al.
2020). Overall, the intermittent hypoxaemia associated with OSA, and sleep
deprivation-driven effects, may perpetuate a pro-inflammatory state contributing to
the cytokine storm that leads to the rapid clinical deterioration in COVID-19 (Mutti
et al. 2020). This effect is not unique to COVID-19 infection and has been replicated
for numerous other disease states long before this global pandemic. OSA is associ-
ated with worse outcomes in patients hospitalised with community-acquired



pneumonia (Lindenauer et al. 2014), in addition to increasing the likelihood of
hospitalisation with influenza infection (Mok et al. 2020).
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13.4 OSA as a Risk Factor for Poor Outcomes in COVID-19

Several studies have suggested that OSA is associated with an increased risk of
severe COVID-19 infection leading to hospitalisation, invasive ventilatory support,
and death (Maas et al. 2021; Cariou et al. 2020; Tufik et al. 2020; McSharry and
Malhotra 2020). While some have suggested that such associations are potentially
related to various confounding interplays between other co-morbid conditions,
others have hypothesised that OSA may be an independent risk factor for poor
outcomes in COVID-19. One of the earliest studies suggesting that OSA may be an
independent risk factor for poor outcomes in COVID-19 came from Cade et al.
(2020). They assessed outcomes in patients with PCR-confirmed SARS-CoV-2
infection in a hospital group, stratified by the presence or absence of a diagnosis
of OSA based on an administrative database. They observed an increased likelihood
of death or intensive care unit (ICU) admission in patients with diagnosed OSA
(OR 1.64; 95% CI 1.32–2.04). The patients were not stratified according to the
severity of OSA, need for therapy, or adherence to therapy. Furthermore, this
association was markedly attenuated in models adjusting for confounding variables
such as age, sex, race, ethnicity, BMI, and medical co-morbidities (adjusted OR
1.04; 95% CI 0.81–1.34). Additionally, there was a relatively low observed preva-
lence of OSA at just 9.5% in the study population, likely suggesting a significant
burden of undiagnosed OSA (Gill et al. 2021). These results have been replicated
amongst other groups, including in a large cohort of French diabetics, amongst
whom a diagnosis of OSA was one of the strongest predictors of death due to
COVID-19 (Cariou et al. 2020; Voncken et al. 2022).

Many early studies evaluating the correlation between an OSA diagnosis and
outcomes in COVID-19 have been included in a recently published meta-analysis.
Incorporating 21 studies, the authors found that OSA was associated with severe
COVID-19 (OR 1.70; 95% CI 1.18–2.45), ICU admission (OR 1.76; 95% CI
1.51–2.05), need for mechanical ventilation (OR 1.67; 95% CI 1.48–1.88), and
mortality from COVID-19 (OR 1.74; 95% CI 1.39–2.19) (Hariyanto and Kurniawan
2021). While strengthening the evidence base for a link between OSA and COVID-
19, associations were not corrected for confounding variables in this meta-analysis
and thus may have been substantially driven by shared co-morbidities, such as
obesity and diabetes.

Individual studies have attempted to stratify risk according to the severity of
OSA. A single-centre retrospective cohort study of 461 patients with OSA and
subsequent COVID-19 found that severe OSA was associated with a significantly
greater likelihood of requiring hospital admission than mild OSA (OR 4.29; 95% CI
2.09–9.02; p < 0.0001). This association was also markedly attenuated and was no
longer statistically significant, once adjusted for confounding variables (OR 1.83;



95% CI 0.72–4.64; p 0.20) (Kravitz et al. 2021). A similar retrospective cohort study
did not identify an association between the severity of OSA and COVID-19 out-
comes when using apnoea-hypopnoea index (AHI), oxygen desaturation index
(ODI), or respiratory disturbance index (RDI). It did report an increased likelihood
of hospitalisation for patients with severe OSA when using nadir oxyhaemoglobin
desaturation (LSAT) as a measure of severe OSA (OR 1.048; 95% CI 1.003–1.096)
(Ho et al. 2021). However, this may reflect impaired gas exchange due to ventilation-
perfusion mismatch in severe COVID-19 pneumonia, in addition to hypoxaemia
arising from upper airway obstruction in OSA.
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There is still a scarcity of data prospectively examining the relationship between
OSA severity and outcomes in COVID-19 patients. A single-centre Italian study
performed sleep apnoea testing on 44 patients hospitalised with moderate-severe
COVID pneumonia, finding that over 40% had at least moderately severe sleep-
disordered breathing and that increasing AHI, along with BMI, predicted an
increased risk of the need for ventilatory support (Perger et al. 2021). However,
this study did not include patients with mild illness, or those requiring prolonged
mechanical ventilation, so it is unclear if these findings can be applied to more
general populations with COVID-19.

13.5 Does Treating OSA Reduce the Risk of Severe
COVID-19?

Little is known regarding the influence of adequate CPAP therapy on overall
COVID-19 outcomes. Treating OSA with CPAP has been shown to ameliorate
many hyper-inflammatory pathways (Kent et al. 2011). CPAP reduces
hypercoagulability through decreased platelet activation, haematocrit, and plasma
viscosity (Mutti et al. 2020). Additionally, it increases functional residual capacity
and in turn gas exchange (Lindner et al. 1987). By improving gas exchange, it
reduces the expression of markers of tissue hypoxia and prevents stimulation of the
inflammatory cascade culminating in lung injury (Gill et al. 2021). Previous studies
have identified that CPAP use of at least 4 h per night for at least 70% of nights—
with best results achieved when used for 6 h—has been shown to have a beneficial
impact on arterial stiffness reducing pro-inflammatory cytokines including TNFα,
IL-2, and IL-6 amongst others (Ning et al. 2019; Perrini et al. 2017; Sawyer et al.
2011). With this, benefits are largely dependent on patient adherence to treatment
(Sawyer et al. 2011). Thus, one might hypothesise that treated patients with OSA
who are adherent to therapy may have a lower risk of poor COVID-19 outcomes, as
suggested by a prior systematic review by Miller and Cappuccio (2021).

As treating OSA has previously been shown to ameliorate systemic inflammation,
it comes as a surprise that some investigators have identified patients with OSA
treated with PAP therapy having worse outcomes than those not on treatment; one
example of this is a retrospective analysis of Icelandic OSA patients, which



identified a significantly greater risk of severe COVID-19 illness in patients pre-
scribed CPAP (OR 2.4; 95% CI 1.3–4.5) (Rognvaldsson et al. 2022). Similarly,
findings from the CORONADO group found that treated OSA had the highest risk of
7-day mortality of all variables assessed in a cohort of French diabetics (Cariou et al.
2020). However, these data were extracted from administrative database recordings
and electronic patient records did not account for the underlying severity of OSA and
did not adjust for levels of adherence to CPAP. A Spanish retrospective analysis has
recently aimed to bridge this gap in knowledge by including adherence to CPAP in
the 6 months prior to SARS-CoV-2 infection. In this OSA population adherent to
CPAP therapy, they did not identify a statistically significant link between an OSA
diagnosis and death or respiratory failure from COVID-19 (OR 1.02; 95% CI
0.616–1.662; p 0.948) (Sampol et al. 2022).
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13.6 Cardiovascular Interactions Between COVID-19
and OSA

While hypoxaemic respiratory failure is the main contributor to mortality in COVID-
19, death has also been reported from cardiac and thromboembolic complications of
the disease. Myocarditis, myocardial infarction, and fatal arrhythmias have all been
reported in COVID-19 (Bandyopadhyay et al. 2020). As OSA is also a known risk
factor for coronary syndrome and cardiac failure (Kohli et al. 2011), there may be an
additive or synergistic effect on cardiac morbidity and mortality in OSA patients
with COVID-19. Similarly, hypoxaemia and oxidative stress in OSA can precipitate
a tendency towards coagulopathy, accentuating COVID-19 thrombosis and embo-
lism (Garcia Suquia et al. 2015). However, controlled, prospective data on this
potential interaction are lacking.

13.7 Access to OSA Services and CPAP Usage During
the Pandemic

Access to expert follow-up was drastically cut during the pandemic due to a variety
of logistical factors. The ESADA group reported a significant reduction of nearly
80% in the induction and titration of PAP during the pandemic throughout Europe
(Grote et al. 2020). Adherence rates to CPAP subsequently reduced with reflective
figures of up to 11% ceasing treatment during the pandemic (Grote et al. 2020;
Thorpy et al. 2020). This contradicts other studies, which suggest a minor improve-
ment in overall compliance to CPAP therapy (Tepwimonpetkun et al. 2022), which
may be attributed to more time spent at home and the publicity that COVID-19 is a
disease of the lungs (Demirovic et al. 2021).
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Perhaps the sleep patient cohort at the greatest disadvantage at this time were
those just given a new diagnosis of OSA, or those undergoing induction of therapy at
the beginning of the pandemic. Turnbull et al. suggest that improvised CPAP set-up
pathways driven by infection control considerations led to significant reductions in
adherence 30 days following the initiation of therapy (Turnbull et al. 2022). Of those
who completed face-to-face set-up, 1.1% had CPAP turned on, 71.1% had set-up
without CPAP turned on, and 27.9% had remote set-up. Overall, when comparing
2019 and 2020 data, there were lower rates of CPAP usage after the first wave of the
COVID-19 pandemic for patients newly started on CPAP therapy (Turnbull et al.
2022). Potential reasons for this reduction may include remote consultation, delays
in consultation, delays in treatment commencement, or indeed remote set-up—while
remote telemonitoring of CPAP usage has been shown to improve adherence, there
remains little evidence about outcomes with remote CPAP set-up (Hwang et al.
2018). Additionally, in the early days of the pandemic, international consortia
published conflicting advice regarding the use of CPAP devices at home, given
the concern for droplet spread (Barker et al. 2020; Baker and Sovani 2020; Craig and
West n.d.). Factors influencing CPAP therapy titration and adherence will be
discussed further in later chapters. However, it remains important to note that
patients with moderate-to-severe OSA who required CPAP therapy may not have
had access to appropriate supports during this time, and thus adherence, and
potential benefits of therapy may have been lost for some.

13.8 Impact of COVID-19 on Established OSA Therapy

CPAP requirements in the treatment of established OSA patients may change post-
COVID-19 infection, though data to date is limited. A small Turkish study assessed
19 patients who had been previously diagnosed with OSA established on CPAP
therapy and had a COVID-19 history. Fifteen control subjects who were not infected
with SARS-CoV-2 were also recruited. Prior to contracting COVID-19 infection,
auto-CPAP settings showed average 95th percentile pressure (95thpp)
8.56 ± 0.17 cm H2O compared to post-COVID-19 settings of 9.78 ± 0.21 cm
H2O (p < 0.01). In addition, before COVID infection, median CPAP pressure
was found to be 7.49 ± 0.16 cm H2O versus post-acute infection pressure of
8.15 ± 0.19 cm H2O ( p < 0.01). AHI recorded by machine on auto-titrating of
CPAP was also increased post-infection but was not statistically significant (Fidan
et al. 2021). It remains conceivable that there may be a causal relationship between
COVID-19 infection sequelae and incidence of OSA, beyond the realms of previ-
ously undiagnosed disease.
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13.9 OSA and Post-COVID Complications

Fatigue is one of the most common symptoms that persist post-COVID-19 infection
and is well recognised as a symptom of untreated OSA (Gandhi et al. 2020; Labarca
et al. 2022a). A small study of 69 patients recruited in the weeks after contracting
COVID-19 identified high rates of OSA. Of these, 33.3% had mild OSA, 20.8% had
moderate, and 16.7% had severe disease. AHI results did not significantly correlate
with sleepiness (r 0.154; p 0.302) but did significantly correlate with both BMI
(r 0.464; p 0.001) and age (r 0.319; p 0.027) (Schwarzl et al. 2021). A multicentre
prospective cohort study of OSA in patients with long COVID-19 is underway with
a nearing primary completion date that is eagerly awaited. It remains physiologically
plausible that OSA may contribute to COVID-19 fatigue symptoms and morbidity
by mechanisms previously mentioned. The study will aim to identify the prevalence
of OSA and its relationship with post-COVID fatigue symptoms in outpatient clinics
at least 6 months post-infection (Algarve 2022). In addition to sharing many of the
aforementioned risk factors, it has also been suggested that OSA is linked to ongoing
pathological processes in the recovery phase of COVID-19 infection. Many patho-
logical processes are recognised in the disease process of OSA including sleep
fragmentation, intermittent hypoxaemia, and sympathetic activation—with studies
suggesting multi-system impairment in those with OSA that is not treated (Labarca
et al. 2020; Veasey and Rosen 2019). A prospective, observational cohort study by
Labarca et al. suggests that in COVID-19 survivors, confirmed OSA diagnosis is
linked to significant long-term symptoms and inflammatory cytokines. Those eval-
uated include the risk of incident insulin resistance, T2DM, uncontrolled hyperten-
sion (>140/90 mmHg), DLCO (<80%), and impairment of neurocognitive function
reported at 1 year post-acute phase of COVID-19. Findings revealed increased
baseline insulin resistance in those with OSA (despite similar BMI compared with
the non-OSA group), a significant difference of circulating IL-6 levels in OSA
subjects at 4 months, reduced DLCO, increased incidence of uncontrolled hyperten-
sion, and also a significant reduction in Montreal Cognitive Assessment (MOCA)
scores in the OSA cohort (Labarca et al. 2022a). These differences are particularly
notable in subsequent cognitive impairment in patients with OSA who developed
acute respiratory distress syndrome during the course of COVID-19 disease
(OR 20.4, 95% CI 1.04–504). This reflects prior studies that suggest that OSA
patients are more likely to develop cognitive impairment than those without,
hypothesised to be related to intermittent hypoxia and dysregulation of the sleep
cycle (Leng et al. 2017).

It remains difficult to assess if COVID-19 infection does increase individual risk
for developing sleep-disordered breathing versus ongoing underdiagnosis of the
disease. Many studies evaluating sleep breathing in COVID-19 cohorts have done
so after their viral illness, making it difficult to ascertain whether OSA has arisen
post-COVID-19, or predated it. For example, the CONTAC group undertook a
prospective observational study of 60 Chilean patients, including performing home
sleep apnoea testing at 12 and 24 weeks post-COVID-19 infection. They found



higher RDI in patients who had severe COVID-19 requiring ICU admission versus
patients who did not require hospitalisation (13.5 ± 10.3 vs. 7.1 ± 8.6 events/h)
(Labarca et al. 2022b). Similarly, a cross-sectional population-based web survey of
20,598 adults across 14 countries, which utilised the STOP questionnaire as a ‘high
risk of OSA’ screening tool, suggested that respondents at high risk of OSA were
more likely to have had COVID-19 and also twice as likely to have developed a
severe disease, requiring hospitalisation or ICU admission (Chung et al. 2021). The
direction of causality here—if any—is uncertain and will require large-scale pro-
spective studies.
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Aside from fatigue and impaired neurocognitive function, interstitial lung disease
is another important potential consequence of COVID-19 illness. Patients with
established ILD have been found to have a high prevalence of OSA (Lee et al.
2020), and OSA is recognised as an important co-morbidity that can affect patient
survival (Lancaster et al. 2009). PAP therapy in these patients may lead to improve-
ments in overall mortality and morbidity (Papadogiannis et al. 2021). The exact
burden of pulmonary fibrosis post-COVID-19 infection has not yet been established,
but rates of 2–6% after moderate illness have been estimated based on data from
survivors of SARS-CoV-1 infection (Bazdyrev et al. 2021). A single-centre pro-
spective cohort study found that at 4 months post-infection, 72% of mechanically
ventilated and 20% of non-mechanically ventilated COVID-19 patients had fibrotic
changes on lung imaging (McGroder et al. 2021), with some data suggesting OSA to
be an independent risk factor for abnormal CT thorax finding at 4 months post-
infection (Labarca et al. 2022b). Reduced diffusing capacity for carbon monoxide
(DLCO) has also been shown to be significantly reduced in those with OSA post-
COVID-19 infection than those without at 1-year follow-up (25% OSA vs. 3.6%
non-OSA, p = 0.02) (Labarca et al. 2022a).

13.10 OSA and Vaccine Response

Some groups have suggested that increased COVID-19 morbidity and mortality in
OSA are also a consequence of decreased immunisation efficacy. It has been
postulated that sleep deprivation decreases immune response after vaccination
(Mello et al. 2020; Benedict and Cedernaes 2021). However, a recent study did
not identify any statistically significant associations between severe OSA and
reduced vaccine efficacy, as determined by anti-SARS-CoV-2 immunoglobulin G
antibody levels (Tufik et al. 2022). This may provide reassurance and further
motivation for high-risk patients to pursue vaccination in line with local
recommendations.
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13.11 Conclusion

A complex web of confounding factors exist in OSA patients with COVID-19. OSA
may increase the risk of acquiring SARS-CoV-2 infection, and there is a tentative
suggestion that patients with OSA are at increased risk of severe COVID-19. This
may be attenuated by adherence to CPAP therapy, although this too remains
uncertain, and seems unlikely to be fully protective given the many factors influenc-
ing outcomes. Additionally, given the high burden of undiagnosed OSA, it is
difficult to fully extrapolate any meaningful data from large cohort studies, unless
all patients are fully evaluated prospectively for the presence of OSA. The COVID-
19 pandemic hindered access to sleep medicine services, potentially impacting
CPAP usage; newly diagnosed OSA patients may have been particularly affected
by improvised diagnostic and therapeutic pathways. Finally, unidentified and
untreated OSA may be a factor in patients with fatigue and sleep disruption post-
COVID-19, and in those with ILD following severe COVID pneumonia.
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Chapter 14
The Correlation Between COVID-19
Infection and Restless Legs Syndrome

Andrea Maculano Esteves, Beatriz Franco, and Milca Abda de Morais

Abstract Restless legs syndrome (RLS) is considered a common sensorimotor
disorder characterized by an urge to move the limbs, especially the legs. Studies
demonstrate an association between RLS and mood disorders, and comorbidities
such as hypertension, diabetes, and cardiovascular diseases. Exercise, alone or in
combination with medication, is considered a good strategy to improve symptoms.
Home confinement during COVID-19 affects the physiological health of both body
and mind. Isolation at home brought about changes in people’s mood, metabolism,
and sleep, as well as an increasingly sedentary lifestyle. Based on this, the behavioral
changes caused by COVID-19 could have impacted people with RLS or who are
predisposed.

Keywords Sleep disorders · Exercise · Mood disorders · Comorbidities · Pandemic

14.1 Introduction

Restless legs syndrome (RLS), also known as Willis-Ekbom disease, was first
described in 1672 by the English physician, Sir Thomas Willis (Coccagna et al.
2004), and is considered a common sensorimotor disorder characterized by an urge
to move the limbs, especially the legs, to relieve uncomfortable sensations such as
pain, burning, itching, and tension or discomfort between the knee and ankle.

A. M. Esteves (✉)
Faculdade de Ciências Aplicadas, Universidade Estadual de Campinas, Limeira, SP, Brazil

Faculdade de Educação Física, Universidade Estadual de Campinas, Campinas, SP, Brazil
e-mail: andrea.esteves@fca.unicamp.br

B. Franco
Faculdade de Educação Física, Universidade Estadual de Campinas, Campinas, SP, Brazil

M. A. de Morais
Faculdade de Ciências Aplicadas, Universidade Estadual de Campinas, Limeira, SP, Brazil

Faculdade de Medicina de Açailândia, FAMEAC/IDOMED, Açailândia, MA, Brazil

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023
A. S. BaHammam et al. (eds.), COVID-19 and Sleep: A Global Outlook, Progress in
Sleep Research, https://doi.org/10.1007/978-981-99-0240-8_14

245

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-0240-8_14&domain=pdf
mailto:andrea.esteves@fca.unicamp.br
https://doi.org/10.1007/978-981-99-0240-8_14#DOI


Movement such as walking, stretching, or bending the legs relieves the discomfort
(Trenkwalder et al. 2005). The syndrome presents within a circadian rhythm, with
worsening symptoms at night (Kushida et al. 2007). Patients with RLS often have
insomnia and periodic leg movements (PLMs) during sleep (PLMS) or resting
wakefulness (PLMW) (Allen et al. 2014). Periodic limb movement disorder is
defined as involuntary movements of the patient’s limb or torso while awake or
asleep, of which the patient is not aware (Trenkwalder et al. 2005).
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Epidemiological studies find that RLS prevalence is between 5% and 15% of
North American adults, 2–3% with severe symptoms. Restless legs syndrome affects
twice as many women as men, with a mean age of onset between 30 and 40 years
(Garcia-Borreguero and Cano-Pumarega 2017). Pregnancy and hormonal factors are
risk factors for RLS, causing the increased prevalence in women (Hanson et al. 2004;
Manconi et al. 2021), and it is argued that women are more aware of symptoms than
men (Holzknecht et al. 2020). Studies also show an increased prevalence of RLS
symptoms with increasing age (Ohayon et al. 2012). In addition, studies have also
indicated that RLS is relatively common in children and adolescents, affecting 1–4%
of this population (Yilmaz et al. 2011; Turkdogan et al. 2011).

RLS can be classified as idiopathic or primary and secondary (symptomatic) to
comorbid conditions (Garcia-Borreguero and Cano-Pumarega 2017). Primary or
idiopathic RLS occurs when the cause is truly unknown. Among the idiopathic
RLS, 40.9–92% had a family history of RLS, indicating the important role of genetic
factors (Winkelman et al. 1996; Winkelmann et al. 2002). On the other hand,
secondary RLS is associated with a variety of neurological disorders, iron defi-
ciency, pregnancy, or chronic renal failure (Çurgunlu et al. 2012; Srivanitchapoom
et al. 2014; Winkelman et al. 1996). Some authors report that these classifications are
being increasingly questioned because they might suggest an inappropriate causal
relation. However in certain conditions (e.g., iron deficiency), treatment of the
underlying disease may reduce or eliminate symptoms of RLS. The term “comorbid
RLS” seems more appropriate for most other associations. Thus, RLS might be seen
as a continuous spectrum with a major genetic contribution at one end and a major
environmental or comorbid disease contribution at the other (Trenkwalder et al.
2016).

Studies in individuals with a high comorbidity burden have consistently observed
a higher prevalence of RLS than studies of healthy individuals (Szentkirályi et al.
2014). A growing number of publications have reported associations between RLS
and numerous diseases, including metabolic conditions, cardiovascular or renal
disorders, arterial hypertension, autoimmune diseases, polyneuropathy, neurodegen-
erative disorders, and conditions associated with inflammation (Trenkwalder et al.
2016). It often affects the patient’s sleep, and they might complain about having
difficulty in their daily life, including their jobs and social activities (Kushida et al.
2007). A significantly higher probability of persons with attention deficit hyperac-
tivity disorder (25%) was found in RLS patients compared to the general population
(Pullen et al. 2011).

Furthermore, studies demonstrate an association between RLS and mood disor-
ders (Lee et al. 2008, 2012), such as depression and anxiety (Becker and Sharon



2014). There may be an alteration in the sleep architecture by both RLS and mood
disorders, and both can exacerbate psychiatric symptoms (Hornyak 2010; Lee et al.
2008). Many common antidepressants and antipsychotics can increase the sensory
symptoms of RLS, worsening sleep disturbance as well as preexisting psychiatric
disorders (Becker and Sharon 2014). Also, RLS and mood disorders may share
similar pathophysiological networks in the central nervous system, including dopa-
minergic dysfunction (Connor et al. 2009; Lee et al. 2008; Muhle et al. 2008).
Treatment of depression in RLS patients should be cautious because many antide-
pressants, such as selective serotonin reuptake inhibitors and tricyclic antidepres-
sants, can worsen the symptoms of RLS (Mackie and Winkelman 2015).
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Among the risk factors for RLS, it is known that genetic predisposition is an
essential contributor (Manconi et al. 2021). Studies have found a positive family
history of RLS in 20–60% of patients, and it is believed to vary by differences in
ethnicity, study design, and sample size. Also, positive family history can be found
in up to 60% of individuals with primary RLS (Allen et al. 2002; Ohayon et al.
2012).

Etiopathogenesis of RLS remains somewhat uncertain and is considered a com-
plex condition in which genetic factors and environmental and gene-environment
interactions predispose people to the disease and affect the expression of the full
clinical phenotype (Trenkwalder et al. 2016). Several mechanisms, such as brain
iron deficiency (Michaud et al. 2004), dopamine dysregulation (Galbiati et al. 2015),
hyper-glutamatergic state (Allen et al. 2013), adenosine dysregulation (Ferré et al.
2018), and variations in genes such as MEIS1, BTBD9, TOX3, and PTPRD (Morais
et al. 2021; Schormair et al. 2017), have been identified and proposed to play a major
part in the pathophysiology. Some of these can be targets for therapeutic action
(Manconi et al. 2021).

In many cases, RLS is still incurable, so treatments focus on alleviating disease
symptoms, which can be effectively managed if treatment is timely and adequate
(Manconi et al. 2021). Restless legs syndrome symptoms respond well to low doses
of dopamine agonists, α2δ ligands, or opiates (Winkelmann et al. 2018). Dopamine
agonists are among the most effective compounds in the treatment of RLS and are
considered the first line of treatment (Garcia-Borreguero et al. 2013; Silber et al.
2013). However, long-term treatment is associated with augmentation, a severe,
paradoxical, drug-related worsening of symptoms (Mackie and Winkelman 2015).

Considering this effect, some studies have demonstrated the positive effect of
non-pharmacological treatments such as exercise (Esteves et al. 2009, 2016; Frank
et al. 2012). Exercise can be effective in reducing symptoms and improving sleep
patterns by increasing sleep efficiency and REM sleep time and reducing sleep
latency (Aukerman et al. 2006; Esteves et al. 2009, 2011). Esteves et al. (2009)
showed improvements in symptoms of leg movements during sleep in patients with
RLS and mild, moderate, and severe PLM with engagement in aerobic exercise. The
positive effects of exercise on RLS have been shown in studies with acute and
chronic aerobic exercise at moderate to intense intensity and anaerobic exercise
(Franco et al. 2019).
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14.2 RLS and COVID-19

On the other hand, studies have shown that physical inactivity, and a lack of regular
social interaction in home confinement caused by the COVID-19 pandemic, affects
the physiological health of the body and mind (Brooks et al. 2020; Lee et al. 2012).
Isolation at home brought about changes in mood, metabolism, and sleep, and an
increasingly sedentary lifestyle in people. Based on this, the behavioral changes
caused by COVID-19 can impact people with RLS or who are predisposed to RLS
(Franco et al. 2020).

In February 2020, the World Health Organization (WHO) declared the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) a threat to the entire
world, and in March, it declared COVID-19 a global pandemic (Cucinotta and
Vanelli 2020). From that moment on, the WHO suggested protective measures,
and with the lack of effective treatments, lack of vaccines, and increase in cases and
deaths, several countries decreed lockdown. The lockdown was the most effective
measure to stop the contamination of the COVID-19 virus; however, it had conse-
quences on people’s health.

The lack of daily activities, leisure, and visiting friends and family due to
confinement generated changes in mood in the population, such as anxiety, depres-
sion, stress, and feelings of loneliness (Hendriksen et al. 2021; Müller et al. 2021).
Financial problems, insecurity, fear of infection, and inadequate information were
also causes of changes in mood during the COVID-19 pandemic (Altena et al. 2020;
Brooks et al. 2020).

Sleep also suffered during the COVID-19 confinement. Sleep dysfunctions such
as insomnia, disrupted sleep continuity, changes in the sleep-wake cycle, feelings of
non-restorative sleep, and decreased sleep quality arise either due to stresses related
to fear of the virus itself or due to the psychosocial impact on daily living (Bhat and
Chokroverty 2022). Thus, several additional stressors during the COVID-19 pan-
demic seem to have accentuated preexisting sleep disorders or started new ones.

Patients with RLS had worsening symptoms during the period of greater con-
finement (April and May 2020). This worsening may have been due to confinement,
though it could also be attributed to other stressors such as emotional, social, and
political, and the use of specific medication. Wipper et al. (2022), in a longitudinal
observational study of patients using opioid medications, evaluated the treatment of
RLS at three moments during the pandemic (outset of the pandemic, 6 months later,
and approximately 1 year later). Symptom severity scores were still elevated on
subsequent questionnaires completed over 6 months into the pandemic but had
returned toward baseline 1 year later. Just as rates of anxiety and depression dropped
after the easing of confinement during the pandemic (early 2021) (Jia et al. 2021),
RLS symptoms re-emerged (Wipper et al. 2022).

Mood disorders such as depression and anxiety are related to RLS (Becker and
Sharon 2014; Lee et al. 2008). This relationship may be due to the pathophysiolog-
ical sharing of systems, such as the dopaminergic system (Lee et al. 2008), by the
vicious cycle in which RLS worsens mood and mood worsens RLS, and by drugs



used in both treatments (Hornyak 2010). Therefore, this relationship may have been
exacerbated during the confinement of COVID-19, worsening the symptoms of RLS
and mood disorders.

14 The Correlation Between COVID-19 Infection and Restless Legs Syndrome 249

A reduction in physical activities is another factor that may impact the worsening
of RLS symptoms. A study carried out during the period of greater confinement and
social distancing showed that all types of physical activities carried out before the
pandemic, such as vigorous or moderate exercise and walking, were reduced
(Ammar et al. 2020). That is, people became less active. In addition, people reported
increased time spent sitting during the day (Ammar et al. 2020). Exercise is
considered a non-pharmacological treatment for RLS or even an aid in conjunction
with drugs to improve symptoms (Esteves et al. 2009; Franco et al. 2019), so
reducing physical activities can worsen symptoms in RLS patients and even in
undiagnosed people.

Reduced exercise, increased stress, and changes in food consumption during
social distancing caused comorbidities to worsen or appear during much of the
COVID-19 pandemic (Ruiz-Roso et al. 2020). Hypertension, diabetes, and cardio-
vascular diseases were identified as risk factors for worsening COVID-19 symp-
toms, in addition to being related to RLS, with an increased prevalence of RLS in
patients with these comorbidities (Akin et al. 2019; Walters and Rye 2009;
Yoshihisa et al. 2019). Studies show an increased prevalence of RLS in people
with cardiovascular disease, hypertension, and type 2 diabetes (Akin et al. 2019;
Yoshihisa et al. 2019). The hypotheses of these relationships are based on dopami-
nergic alterations, sympathetic hyperactivity, and sleep alterations due to nocturnal
excitability (Cubo et al. 2019; Trenkwalder et al. 2018). In addition, changes in sleep
caused by RLS (e.g., sleep disruption and reduced total sleep time) favor the
development of obesity, hypertension, heart disease, and type 2 diabetes (Cubo
et al. 2019; Jin et al. 2020). Considering the data that physical inactivity can
generate, and the relationship of RLS with comorbidities, the reduction of physical
activities during the COVID-19 pandemic may have had short- and long-term
consequences on health, sleep, and quality of life for people with RLS or who are
predisposed.

Recent studies have also demonstrated the relationship of RLS with patients who
experience long-COVID (LC), also known as long-haul COVID, post-COVID
inflammatory syndrome, and post-acute sequelae of COVID-19 (Weinstock et al.
2022). In general, sleep disturbances occur in 34% of patients with COVID-19
(Deng et al. 2021). At 6 months after the infection, fatigue or muscle weakness
and sleep difficulties were the main symptoms of patients who had recovered from
COVID-19 (Huang et al. 2021). Weinstock et al. (2022) evaluated 136 participants
with LC and 136 controls. Restless legs syndrome prevalence in females with LC
was 5.7% pre-COVID-19 and 14.8% post-COVID-19 ( p< 0.01) vs. 6.7% in control
females. Logistic regression predicting post-COVID-19 RLS among females with
LC failed to find significant effects of hospitalization, sleep apnea, neuropathic pain
severity, or use of antihistamines and antidepressants. The authors hypothesize that
postinfectious immunological mechanisms may be one potential way that RLS could
be produced by COVID-19.
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Although poor sleep quality is a common manifestation of COVID-19 infection,
associations between changes in RLS severity, depression, anxiety, and sleep dis-
turbance are important factors and require special attention.

The article by Franco et al. (2020) brought suggestions and recommendations to
reduce RLS-related damage during confinement. However, the possible conse-
quences caused or that remain in patients with RLS or predisposed people, who
are not even aware of the existence of this movement disorder, are unknown. That
brings us an important mission for studies that investigate and create strategies to
reduce possible damage.
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Chapter 15
What Happened to Central Disorders
of Hypersomnolence During the COVID-19
Pandemic?

Giorgia Varallo , Christian Franceschini , and Giuseppe Plazzi

Abstract The COVID-19 pandemic posed a significant challenge to the global
organization of health systems. The reallocation and concentration of available
resources on the management of COVID-19 had a significant impact on all other
health conditions due to the suspension or cancellation of screening and routine
examinations, the reduction of referrals, and the redistribution of staff. The manage-
ment of central disorders of hypersomnolence was also negatively affected, although
some evidence has debated the role of the pandemic, which may have represented
not only a challenge but also an opportunity for people with central disorders of
hypersomnolence. On the one hand, the loss of zeitgebers as a result of changes in
patients’ routines during the lockdown period, such as working from home, spending
extended periods indoors, and a reduction in social interactions, could have wors-
ened the management of these disorders. On the other hand, prolonged home
confinement during the pandemic may have afforded more opportunities to imple-
ment the recommended behavioral strategies for reducing excessive daytime sleep-
iness and maintaining a more flexible sleep schedule. Consequently, the purpose of
this chapter is to describe the most significant findings from studies examining the
impact of the COVID-19 pandemic on central sleep disorders, with a particular
emphasis on narcolepsy.

Keywords COVID-19 · Central disorders of Hypersomnolence · Narcolepsy · Sleep
Medicine · Excessive daytime sleepiness

G. Varallo (✉) · C. Franceschini
Department of Medicine and Surgery, University of Parma, Parma, Italy
e-mail: giorgia.varallo@unipr.it

G. Plazzi
IRCCS Istituto delle Scienze Neurologiche di Bologna, Bologna, Italy

Department of Biomedical, Metabolic, and Neural Sciences, Università degli Studi di Modena e
Reggio Emilia, Modena, Italy

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023
A. S. BaHammam et al. (eds.), COVID-19 and Sleep: A Global Outlook, Progress in
Sleep Research, https://doi.org/10.1007/978-981-99-0240-8_15

255

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-0240-8_15&domain=pdf
https://orcid.org/0000-0001-8711-5975
https://orcid.org/0000-0002-9307-5209
https://orcid.org/0000-0002-1051-0472
mailto:giorgia.varallo@unipr.it
https://doi.org/10.1007/978-981-99-0240-8_15#DOI


256 G. Varallo et al.

15.1 Pitfalls in the Management of Central Disorders
of Hypersomnolence During the COVID-19 Pandemic

The global COVID-19 pandemic has resulted in a catastrophic loss of human life and
has impacted every facet of daily life, representing an unprecedented challenge to
public health (Zhu et al. 2020). Confinement and social distancing were
implemented in several countries as measures to prevent the spread of COVID-19
infection, and health resources were reallocated to prioritize the COVID-19
response. Authorities worldwide have advised postponing nonemergency proce-
dures, such as diagnostic and follow-up evaluations of chronic diseases, to prevent
unnecessary exposure and potential contamination of hospitals and safeguard both
healthcare workers and patients (CMS 2020). Thus, the suspension or cancellation of
screening and routine examinations, the reduction of referrals, and the redistribution
of staff to provide COVID-19-specific care have disrupted care provided to patients
with other conditions. It is not surprising that the management of sleep disorders has
also been profoundly affected (American Academy of Sleep Medicine 2021).

Despite the widespread interest in the impact of the pandemic on the general and
several clinical populations (Richards et al. 2020; Motolese et al. 2020; Al-Quteimat
and Amer 2020; Izquierdo et al. 2021), few studies have examined patients with
primary central disorders of hypersomnolence, which include narcolepsy types
1 (NT1) and 2 (NT2), idiopathic hypersomnia (IH), and Kleine-Levin syndrome
(KLS). These disorders are characterized by excessive daytime sleepiness (EDS),
defined as the inability to remain awake and alert during the major waking periods of
the day, resulting in periods of irrepressible need for sleep or unintentional lapses in
drowsiness or sleep (Sateia 2014). Although numerous treatment options are avail-
able for these disorders, the evidence supporting their use varies considerably
depending on the intervention and the condition. Current therapeutic approaches
are symptomatic and consist of non-pharmacological (e.g., scheduled naps and
regular sleep schedule) and pharmacological interventions tailored to the patient’s
needs and daily routines (Franceschini et al. 2021). Therefore, follow-ups are
required to adapt therapeutic interventions to changing needs and preferences. Due
to the COVID-19 pandemic’s restrictions on home confinement, public transport,
and concern over cross-infection in hospitals, patients with narcolepsy may have
neglected to perform follow-ups or obtain their prescriptions, resulting in pharma-
cological treatment discontinuation.

Furthermore, the circadian timing system relies on exogenous factors, also known
as zeitgebers, which provide an external signal that synchronizes physiological 24-h
periodicity, setting an organism’s biological clock (Elmore et al. 1994; Honma et al.
2003). The loss of zeitgebers as a result of alterations in patients’ routines due to the
lockdown period, such as working from home, spending extended periods indoors,
engaging in fewer outdoor activities, irregular mealtimes, and a reduction in social
interactions, may have affected the circadian sleep-wake cycle. On the other hand,
the extended period of home confinement during the pandemic may have provided
more opportunities to implement the recommended behavioral strategies for



reducing excessive daytime sleepiness and maintaining a more flexible sleep sched-
ule. For this reason, the COVID-19 pandemic provided a unique opportunity to
examine the effects of lockdown and its associated lifestyle modifications on sleep,
quality of life, disease burden, and symptomatology in patients with central
hypersomnolence disorders.
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Thus, the goal of this chapter is to describe the most important results of studies
that look at the effect of the COVID-19 pandemic on central sleep disorders, with a
focus on narcolepsy.

15.2 Impact of COVID-19 Pandemic on Narcolepsy:
Challenges or Opportunity?

Narcolepsy is a chronic and disabling central hypersomnolence disorder character-
ized by a pentad of symptoms, including EDS, cataplexy, sleep paralysis, hypno-
pompic and/or hypnagogic hallucinations, and disturbed nighttime sleep, all of
which severely impair health-related quality of life (Plazzi et al. 2008; Bassetti
et al. 2019). The third edition of the International Classification of Sleep Disorders
classifies narcolepsy as type 1 (NT1) and type 2 (NT2) (Sateia 2014). NT1 is
characterized by cataplexy and a deficiency of hypocretin-1 in cerebrospinal fluid
due to orexinergic neuron loss in the lateral hypothalamus (Nishino et al. 2001).
Cataplexy is absent in NT2, and the hypocretin-1 levels in cerebrospinal fluid are
typically above 110 pg/mL.

The prolonged period of home confinement caused by COVID-19 may have
altered sleep patterns and routines, allowing patients with narcolepsy to adhere to a
more flexible sleep schedule due to fewer time constraints for work and daily
activities; on the other hand, the stressful conditions were exacerbated by fewer
opportunities for recreation and social interaction which serve as zeitgebers with a
negative impact on the sleep-wake cycle (Cellini et al. 2020; Franceschini et al.
2020). Few studies on narcolepsy have produced contradictory findings, showing
both improvement and deterioration of symptoms. The following is a summary of
the primary studies and their results.

15.2.1 A Focus on the Self-Reported Sleep Schedule,
Excessive Daytime Sleepiness, and Medication Intake

Most available studies on narcolepsy assess changes in self-reported sleep quality,
sleep schedule, and habits, as well as changes in life quality and medication use and
their potential effects on symptoms, especially excessive daytime sleepiness and
cataplexy (for NT1). These findings may help determine how changes in lifestyle



and habits affect narcolepsy-related symptoms and even adherence to nonbehavioral
strategies such as scheduled naps and a consistent sleep schedule.
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For example, Barateau et al. (2022) conducted a cross-sectional study on
102 patients (60.78% women; mean age 40.11 years) with both NT1 and NT2.
Participants completed self-reported questionnaires twice, once referring to the study
period during confinement and once recalling the time before confinement. During
the lockdown, 13.83% of the participants had a regular working schedule, 28.72%
were working/studying at home, 32.98% were retired/unemployed, and the
remaining were off work or partially unemployed. Findings showed that patients
during lockdown exhibited increased time spent in bed (in hour:min, 8:17 vs. 8:37),
total sleep time both overnight (in hour:min, 7:28 vs. 7:47) and over 24 h (in hour:
min, 7:53 vs. during lockdown 8:23), as well as higher number of naps on weekdays,
compared to pre-lockdown. Patients reported significantly higher levels of EDS
during lockdown (mean Epworth Sleepiness Scale score before lockdown:
14.12 vs. during lockdown: 14.86), and a decline in quality of life (mean
European Quality of life five-dimension questionnaire score before lockdown:
73.61 vs. during lockdown: 67.02). The frequency of cataplexy attacks did not
change significantly during the lockdown. Regarding medication adherence,
26.32% of patients adjusted their treatment, with the majority reducing their dosage
without affecting symptom severity.

Postiglione and colleagues (2021) examined the effect of lockdown on sleep-
wake patterns and severity of symptoms in 53 NT1 (40% males) with a mean age of
35.0 years at evaluation, receiving stable long-term pharmacotherapy patients.
Participants were selected from patients previously followed by the Istituto delle
Scienze Neurologiche di Bologna. Participants were offered a telephone follow-up
during the lockdown period to ensure continuity of care. Self-reported data on work
status, current sleep schedule, and narcolepsy symptoms were collected and com-
pared to pre-lockdown data gathered during a 6-month prior assessment.

Individuals with NT1 who maintained their normal working schedule experi-
enced increased disturbed nocturnal sleep (from 15% to 40%) with more nocturnal
awakenings. Neither patients with unchanged work schedules nor those who lost
their occupations due to the COVID-19 pandemic exhibited significant changes. In
contrast, NT1 patients in smart working or studying at home appear to have
improved adherence to behavioral strategies as evidenced by an increase in the
duration of total sleep time (from 7.9 to 8.3 h) and the frequency of daytime napping.
Specifically, the percentage of patients reporting multiple daytime scheduled naps
increased from 23.7% to 54.5%, accompanied by a significant decrease in the
severity of EDS (Epworth Sleepiness Scale scores before lockdown:
10.6 vs. during lockdown: 8.6). No differences were found with respect to cataplexy.

In line with this, Wu and colleagues conducted a cross-sectional retrospective
study (Wu et al. 2021) in China on 40 patients with narcolepsy (70% male; mean age
20.15 years; range: 7–59 years) who were taking regular medication for the treat-
ment of narcolepsy prior to COVID-19. According to results, during the COVID-19
pandemic, 62.5% of patients underwent irregular pharmacological treatment with
52.5% discontinuing medication due to a lack of prescription. Notably, only 15% of



patients reported experiencing more daytime sleepiness during the pandemic even
though pharmacological treatment was either inconsistent or stopped entirely. These
findings might be explained by the fact that individuals with narcolepsy had longer
total sleep time (533.55 min vs. 495.63 min) and later wake-up time (7:33 vs. 7:01)
after the COVID-19 pandemic. Finally, during the COVID-19 pandemic, there were
no significant differences in bedtime, number of naps, or duration of naps.
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Rodrigues Aguilar et al. conducted a cross-sectional retrospective study that
evaluated changes in work status, sleep habits, quality of life, and EDS during the
quarantine period using an ad hoc self-report questionnaire developed by experts in
sleep medicine. The total sample comprised 76 Brazilian patients diagnosed with
narcolepsy (68.5% NT1; 68.4% female; mean age 36.9 years), 21.8% reported no
change in EDS during the lockdown, while 78.2% experienced worsening despite
60.5% reporting an increase in the number of scheduled naps (Rodrigues Aguilar
et al. 2021). While 42.1% of patients reported no change in dosage or discontinu-
ation of medication during the lockdown, in the remaining sample, there was a
significant increase in the percentage of patients using stimulants as monotherapy
(25% before lockdown vs. 34.2% during lockdown) and a significant decrease in the
use of antidepressants (7.9% before lockdown vs. 5.3% during lockdown) and
stimulants associated with antidepressants (32.9% before lockdown vs. 5.3% during
lockdown). Furthermore, 51.3% of the patients reported a decrease in their quality of
life while 17.1% reported an improvement. Overall, patients reported a worsening of
symptoms with 30.3% of the sample reporting an increase in hypnagogic and
hypnopompic hallucinations, and 17% reporting an increase in sleep paralysis and
cataplexy.

In contrast, Nigam and colleagues (2022) performed a retrospective cross-
sectional study on a mixed sample of patients with NT1 and NT2 (n = 131).
Participants were asked to complete the self-report survey recalling their
pre-lockdown EDS and nighttime sleep, followed by an assessment of their current
somnolence and sleep schedule to measure changes.

Both NT1 patients and NT2 patients reported a significant increase in nighttime
sleep duration (NT1: 7.8 h vs. 8.5 h; NT2: 7.9 h vs. 8.5 h). In addition, only NT2
showed a significant decrease in daytime sleepiness during lockdown (mean EES:
14.3 vs. 12.9). This modest but significant change was achieved despite most
participants maintaining (63.4%) or decreasing (29.6%) their stimulant dosage.
Additionally, cataplexy improved significantly with 54.1% of the 61 participants
with NT1 who typically experienced cataplexy prior to lockdown reporting a
decrease or disappearance of cataplexy, while 14.8% reported an increase and
31.1% reported no change. Furthermore, 35.0% of NT1 participants experienced a
decrease in sleep-related hallucinations, while 10.7% experienced an increase and
54.3% remained unchanged. Finally, 34.5% of NT2 participants reported a reduction
in sleep-related hallucinations, 1.7% reported an increase, and 63.8% reported no
change.
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15.2.2 A Focus on Objective Sleep Parameters

However, all these studies rely solely on self-report instruments, frequently
employed retrospectively. Although this method helps expand knowledge, it has
significant limitations. When asked about the past, however, respondents tend to
provide less precise responses than when asked about the present (Schnell 2012),
placing high cognitive demands and introducing the possibility of recall bias
(Schmier and Halpern 2004).

The only study that used objective measurements of sleep structure via actigraphy
was conducted by Filardi and colleagues involving 18 children and adolescents with
NT1 receiving stable pharmacological treatment (i.e., sodium oxybate).

Findings showed that during the lockdown, children and adolescents with NT1
both on weekdays and weekends went to bed later (bedtime during weekdays: 23:
06 vs. 1:20; bedtime during weekends: 23:46 vs. during lockdown 1:48) and awoke
later (wake-up time during weekdays, 6:48 vs. 7:45; wake-up time during the
weekend, 7:35 vs. during lockdown 8:34), with a significant reduction in social jet
leg measured as the difference between midpoint of sleep of weekend and weekdays.
In addition, patients napped more frequently (n° of naps before lockdown
2.89 vs. during lockdown 4.3), especially during weekdays (n° of naps before
lockdown 3.61 vs. during lockdown 5.89). On the other hand, no differences were
found in EDS and other sleep parameters such as total sleep time or sleep efficiency.

These findings suggested that self-managing daytime activities allowed patients
with NT1 to receive stable pharmacological treatment to take more planned naps
during the day. However, to date, few experimental data have demonstrated the
effectiveness of napping in reducing daytime sleepiness in NT1 individuals.

15.3 Idiopathic Hypersomnia and the COVID-19 Pandemic

Idiopathic hypersomnia (IH) is characterized by prolonged undisrupted nocturnal
sleep with long unrefreshing naps, and often sleep inertia. As with narcolepsy, a
significant challenge for this population is reconciling their unique sleep require-
ments (e.g., increased total sleep time and/or napping) with their daytime
obligations.

Despite the interest and the unique opportunity, even less evidence exists regard-
ing the impact of the COVID-19 pandemic on IH patients. In a retrospective cross-
sectional study on 81 patients with IH conducted by Barateau and colleagues,
31.65% of patients reported a regular working schedule, 22.78% were working/
studying at home, 20.25% were retired, and the remaining were unemployed or off
work. Furthermore, during the lockdown, patients reported increased bedtime
(in hours:min, 8:30 vs. 9:09) and total sleep time overnight (8:17 vs. 8:55) and
over 24 h (8:42 vs. 9:20) on weekdays.
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On both weekends and weekdays, bedtimes and wake-up times were delayed, and
nocturnal sleep latency (in min, before lockdown 11.06 vs. during lockdown 21.41)
and number of awakenings per night (before lockdown 1.18 vs. during lockdown
1.85) increased during the lockdown. However, no changes were found in excessive
daytime sleepiness, severity of symptoms, and quality of life.

The study conducted by Nigam showed that, as in narcolepsy, patients with IH
reported an increase in nighttime sleep (in hours, 8.3 vs. 9.6), with both delayed
bedtime and wake-up time. In addition, participants experienced a decrease in
excessive daytime sleepiness (mean Epworth Sleepiness Score 13.4 vs. 12.5). In
both studies, only self-report measures were used, and there is currently no study on
IH patients that has performed an objective evaluation of sleep structure.

15.4 Overall Conclusion

It is difficult to draw a unified and uniform conclusion from these findings. For
example, two out of five studies (Barateau et al. 2022; Rodrigues Aguilar et al. 2021)
indicate a worsening of excessive daytime sleepiness in narcoleptics, despite an
increase in bedtime and number of scheduled naps. On the other hand, three studies
(Postiglione et al. 2021; Wu et al. 2021; Nigam et al. 2022) reported an improvement
in excessive daytime sleepiness in conjunction with an increased number of naps and
longer nighttime sleep duration. In contrast, not all studies have assessed changes in
cataplexy; two studies reported substantial equality during lockdown relative to the
previous period (Barateau et al. 2022; Postiglione et al. 2021), whereas one study
(Nigam et al. 2022) reported a decrease/disappearance of cataplectic episodes, and
another reported a worsening (Rodrigues Aguilar et al. 2021). Finally, the results
indicate that medication intake remained mostly stable during the lockdown
(Barateau et al. 2022; Wu et al. 2021). However, one study found that the majority
of the sample discontinued their medication with a decrease in the use of antide-
pressants and increased use of stimulants (Rodrigues Aguilar et al. 2021).

Also concerning IH, the results are contradictory, with one study indicating a
decrease in EDS during the lockdown and the other indicating no significant
changes.

Numerous variables may have influenced the results of these studies, including
national policies regarding COVID-19 containment, previous socioeconomic con-
ditions, and impact of media communication on the population. In addition, these
studies have not considered the potential effect of mood and the impact of stress on
sleep architecture (Palagini et al. 2013), nor its potential impact on symptomatology
and quality of life (Vignatelli et al. 2011). Numerous studies now emphasize mood
changes in narcolepsy (Dauvilliers et al. 2009; Barateau et al. 2020) and the impact
of anxious and depressive symptoms on the burden of illness (Fortuyn et al. 2010;
Morse and Sanjeev 2018). Furthermore, during the pandemic, there was an increase
in the prevalence of depressive and anxious symptoms (Morin et al. 2021).
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Lockdown appears to have had a positive effect on the sleep schedule by making
it more adaptable to the needs of the patients, as indicated by the fact that all studies
indicate an increase in bedtime. However, these results are intriguing because they
suggest that it may be useful to investigate how lifestyle modifications (i.e.,
teleworking) affect symptomatology and quality of life in this population. Ozaki
and colleagues (2012) found that a flexible work schedule was associated with a
higher quality of life in individuals with NT1, NT2, or IH. Despite this growing
evidence, workplace and schedule adjustments may be inadequately provided.
Providing greater access to telework or even just allowing adjustments to the work
environment and schedule has the potential to improve sleepiness, work perfor-
mance, and quality of life for those with central disorders of hypersomnia.

The lack of research on the effects of COVID on patients with Kleine-Levine
syndrome is noteworthy, probably because it is an extremely rare disease. Only two
case reports exist in which COVID infection was associated with a recurrence of
symptoms (Nasrullah et al. 2021; Marčić et al. 2021).

15.5 Perspective on Telemedicine During (and After)
COVID-19

The COVID-19 pandemic paved the way for implementing ICT-based solutions,
altering current medical practice. The World Health Organization defines telemed-
icine as “the delivery of health services in which clients/patients and health workers
are separated by distance” (World Health Organization 2019).

During the COVID-19 pandemic, telemedicine was a “forced” solution that
successfully addressed several challenges in delivering healthcare services. Indeed,
using telehealth technology has many benefits, especially for nonemergency and
routine care; indeed, it reduces the use of health center resources and the risk of
direct transmission of infectious agents. However, telemedicine’s benefits extend
well beyond its use in emergency healthcare settings, especially in improving access
to specialized care and qualified specialists, and its use in sleep medicine is
supported by the American Academy of Sleep Medicine (Singh et al. 2015).

In Italy, for instance, specialized sleep centers with multidisciplinary expertise to
treat narcolepsy are scarce, forcing patients and their families to travel long distances
with high associated costs, thereby increasing the disease-related burden. In light of
this, the Narcolepsy Center of the IRCCS Istituto delle Scienze Neurologiche di
Bologna launched the TENAR (TElemedicine for NARcolepsy) to evaluate the
feasibility of a multidisciplinary approach via telemedicine procedures (i.e.,
televisits) for patients with narcolepsy during the COVID-19 pandemic emergency
in Italy (Pizza et al. 2022). Overall, 39 participants were included (97.4% NT1;
56.4% male; median age of children: 16 years; median age of adults: 35 years). After
an initial multidisciplinary televisit (i.e., neurological, metabolic, and psychosocial
aspects), patients underwent follow-ups at +2, +4, + 6, and +12 months. The results



showed a good level of acceptance from narcolepsy patients to participate in the TM
follow-up and a substantial adherence to the proposed visits and procedures,
confirming its feasibility. Moreover, TENAR supported patients in maintaining
their clinical stability and improvement in EDS and body mass index at 6-month
and 12-month follow-ups. It is interesting to note that telemedicine prevented the
need for the entire period to be traveled by an estimated 50,000 km, which would
have been necessary if the visits had taken place in person. Despite the preliminary
nature of these findings, this study showed for the first time that a telemedicine
intervention is feasible and safe for children and adults with narcolepsy and could
reduce the cost of care for patients and their families.
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Chapter 16
Sleep, Physical Activity, and Dietary
Patterns During COVID-19 Pandemic

Maha H. Alhussain , MoezAlIslam E. Faris ,
and Ahmed S. BaHammam

Abstract The COVID-19 outbreak has escalated into a major public health crisis.
To prevent disease transmission and avoid overwhelming health systems, contin-
gency measures involving home confinement, quarantine, and lockdown were
implemented in most countries worldwide. The COVID-19 pandemic and its asso-
ciated preventive measures had powerfully disrupted lifestyle behaviors, including
sleep, physical activity, and dietary patterns. Current evidence provided insights into
general patterns of these three behavioral modifications associated with the COVID-
19 pandemic, including poor sleep quality, physical inactivity, and changes in
dietary patterns.

Keywords Covid-19 · Lockdown · Lifestyle · Sleep · Sedentary behaviors · Diet

The COVID-19 outbreak has escalated into a major public health crisis. Its rapid
spreading and high mortality rate have caused severe disruptions in different aspects
of life, including economic, social, and health consequences. To prevent disease
transmission and avoid overwhelming health systems, most countries implemented
restrictive measures involving home confinement, quarantine, and lockdown of
social, cultural, and part of economic and industrial activities. Although these
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measures were the best option to prevent the dramatic spread of infections, they
posed severe challenges for the population. Indeed, these preventive measures have
brought far-reaching changes in all aspects of our lives and considerably disrupted
the population’s lifestyles. The importance of maintaining a healthy lifestyle through
regular physical activity and adopting healthy sleep and dietary patterns in coping
with such consequences has been emphasized (Natalucci et al. 2020).
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Evidence that sleep, physical activity, and dietary patterns are key factors influenc-
ing health and well-being has given rise to multiple epidemiological and surveillance
studies. Inadequate sleep duration, poor sleep quality, physical inactivity, and poor diet
are major contributors to the global burden of disease, as they are risk factors
associated with higher rates of chronic diseases, including hypertension, cardiovascu-
lar disease, diabetes, obesity, and depression. The interplay between sleep, physical
activity, and dietary patterns is of great interest as it has been highlighted how their
interaction with each other affects general health (Janssen et al. 2020).

Understanding the impact of a global health crisis such as COVID-19 and the
lockdowns that ensued on sleep, physical activity, and dietary patterns is warranted
because they are important aspects of health. This will guide psychological and
behavioral measures aimed at populations, enhancing resilience, preventing dis-
eases, and increasing the efficacy of health approaches to mitigate the effects of
this contingency and others that may happen. This chapter discusses the changes in
sleep, physical activity, and dietary patterns and their interaction in response to the
COVID-19 pandemic and concomitant restrictions (i.e., lockdown) worldwide.

16.1 Sleep

Sleep has emerged as a critical lifestyle contributor to health and may represent a
modifiable risk factor (along with physical activity and diet) for many adverse health
conditions. Therefore, good sleep is integral to enhancing health and well-being (Itani
et al. 2017; Alfawaz et al. 2021a; BaHammam et al. 2021). Numerous practice guidelines
for age-specific sleep duration and physical activity for optimum health have been
published, suggesting that individuals over the age of 18 years should sleep an average
of 7–9 h per night (Alfawaz et al. 2021a; Hirshkowitz et al. 2015). Sleep quality is crucial
to good health as sleep quantity and quality are more closely related to mental health and
well-being (Wickham et al. 2020). Poor sleep quality has previously been documented in
response to major stressful events such as natural disasters (Lavie 2001). The COVID-19
pandemic caused unprecedented changes in individuals’ lives, which generated stress
and anxiety for many people (Jahrami et al. 2022; Jahrami et al. 2021). Available data
demonstrated a high prevalence of anxiety generated by confinement during the COVID-
19 pandemic in many affected countries, including Spain, Greece (Papandreou et al.
2020), Saudi Arabia (Alfawaz et al. 2021b), and China (Cao et al. 2020).

The emergence of sleep disturbances in response to such a stressful life event is to
be expected. Previous work performed during the pandemic consistently reported
that sleep patterns were altered during the lockdowns, with people having poor sleep



quality (Chouchou et al. 2021). Stress, anxiety, and fear of novelty and the high
spread of COVID-19 might have contributed to the observed changes in sleep
quality (Ingram et al. 2020; Morin and Carrier 2021). People with lower anxiety
levels reported more satisfaction with their sleep quality during the pandemic
(Frontini et al. 2021).
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Beyond mental health, the restrictive measures accompanying the COVID-19
pandemic have upset daily routines that regulate sleep-wake rhythms to remain in
synchrony with the 24-h cycle. Indeed, normal routines such as getting up in the
morning, going to work, eating meals at a fixed time, and maintaining physical
activities have all been disrupted during the pandemic as a result of stay-at-home
restrictions. Irregular sleep-wake rhythms have an adverse effect on sleep quality.
Sleep disturbances were linked to increased energy and fat intake as well as obesity
risk (St-Onge et al. 2011; Lin et al. 2018). Moreover, individuals with adverse
changes in sleep quality experienced weight gain (Micheletti Cremasco et al.
2021), and vice versa, individuals with obesity reported worsened sleep quality
during the pandemic (Brown et al. 2021).

Individuals who develop sleep disturbances during COVID-19 may be at greater
risk for long-term adverse outcomes because sleep disturbances such as insomnia
and nightmares may persist long after the pandemic. More details about sleep and
COVID-19 have been intensively discussed in the other chapters of the book.

16.2 Physical Activity

Physical activity has been defined by the World Health Organization (WHO) as “any
bodily movement produced by skeletal muscles that require energy expenditure”
(World Health Organization 2021). It is well documented that reduced physical
activity and sedentary behavior are associated with adverse health outcomes and
increased mortality (Alfawaz et al. 2021a; Jiménez-Pavón et al. 2020; Lavie et al.
2019; Stamatakis et al. 2019; Panahi and Tremblay 2018). To achieve substantial
health benefits, current guidelines for physical activity encourage people to engage
in a minimum of 150 min per week of moderate-intensity aerobic physical activity,
75 min per week of vigorous-intensity aerobic physical activity, or an equivalent
combination (Alfawaz et al. 2021a; WHO 2020a). However, many people world-
wide fail to achieve sufficient physical activity and still present with high levels of
sedentary behavior (sitting, watching TV, playing video games, or using mobile
devices) (Lavie et al. 2015; Fletcher et al. 2018; Wisloff and Lavie 2017). It would
be assumed that this situation may further worsen as a result of the restrictions during
the COVID-19 pandemic period. Home confinement involves online learning and
working, limited outdoor activities, and in-gym exercises.

The immediate effects of the COVID-19 pandemic on physical activity have been
assessed in many countries around the world, and the available data demonstrated a
substantial rise in sedentary behavior and a decrease in physical activity in different



age groups (Xiang et al. 2020; Jalal et al. 2021; Bağcı et al. 2021; Al Sabbah et al.
2022; Rawat et al. 2021).
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The environment in which COVID-19 is prevalent has an adverse effect on
physical activity (Park et al. 2021). An upward trend in smartphone applications,
internet-connected devices, and TV-watching was noticed during the pandemic in
many affected countries, including the USA, Spain, and Italy (Bhutani and Cooper
2020). Indeed, screen time soared during the pandemic period and is linked to weight
gain, likely because of the dual conditions of sedentary behavior and positive
correlation between screen time and snacking (Marsh et al. 2013).

The consequences of COVID-19-induced alteration in physical activity resulted
in an increased risk of poor health-related quality of life and shortened life expec-
tancy (Mattioli et al. 2020; Lee et al. 2012). Furthermore, changes in physical
activity may exacerbate the deleterious changes in mental health reported during
the pandemic. Unpleasant emotions like anger, sadness, or irritation might be
experienced as a result of the reduction in physical activity. People who engaged
in less sedentary behavior and did more physical activity reported better mental
health outcomes during the COVID-19 pandemic (Ingram et al. 2020; Schuch et al.
2020).

Increasing physical activity is assumed to be an effective approach to maintaining
a healthy lifestyle and mitigating the adverse effect of lockdown on well-being.
Performing high physical activity was associated with lower anxiety values than
moderate physical activity (Frontini et al. 2021). Physical activity can also enhance
the immune system function and help cope with viral infections. Depending on the
intensity of the exercise, the immune system adapts by improving its function
(Laddu et al. 2021). It appears that increasing physical activity levels could diminish
the severity of COVID-19 complications. Affected patients with lower physical
activity levels reported more severe complications of the COVID-19 disease
(Tavakol et al. 2021).

Becoming physically active during the pandemic time is of utmost importance
and has fortunately been shown in some studies. For example, studies in Spain
(López-Bueno et al. 2020) and Italy (Di Renzo et al. 2020) reported that many people
increased their physical activity levels during the lockdown.

16.3 Dietary Pattern

As mentioned earlier, the COVID-19 pandemic and the accompanying lockdown
have produced sudden and radical changes in population’s daily routines. A devia-
tion from usual routines would be anticipated to have broad-ranging effects on the
dietary pattern. Such circumstances might lead to irregular dietary patterns and
frequent snacking, both of which have deleterious impacts on energy expenditure,
glucose responses, and, consequently, weight gain (Alhussain et al. 2016; Alhussain
et al. 2022; Cheikh Ismail et al. 2020). Alterations in meal distribution, higher
consumption of snacks and small meals, and reduced consumption of main meals



(breakfast, lunch, and dinner) were documented during the COVID-19 confinement
(Enriquez-Martinez et al. 2021). Changes in work status due to the COVID-19
pandemic were associated with an unhealthier diet (Ingram et al. 2020). The
interruption of the work routine due to the lockdown may cause boredom, which
in turn is linked to a greater energy intake (Moynihan et al. 2015). Boredom feelings
are often associated with overeating as a means to escape monotony (Havermans
et al. 2015). It has been observed that the most prevalent unhealthy change in dietary
behavior at the lockdown time was increased energy intake (Radwan et al. 2021). It
was estimated that during the pandemic lockdown, daily energy intake increased by
6% among the Spanish population (Batlle-Bayer et al. 2020). An increase in energy
intake could be driven by fear, stress, and anxiety (Radwan et al. 2021).
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Reading or hearing continuously about the pandemic from the media can be
stressful. Quarantine also induces stress, and links between stress and unhealthy
dietary patterns are consistently reported (Al-Musharaf 2020; Haddad et al. 2020;
Barcin-Guzeldere and Devrim-Lanpir 2022). Some people cope with stress by eating
in an attempt to feel better, even overriding other signals of satiety and hunger (Singh
2014). Emotional eating triggered by stress during the pandemic time was associated
with choosing foods based on convenience and sensory appeal (Shen et al. 2020).
Stressed people are more likely to crave food high in energy, sugars, and fats
(Wardle et al. 2000). An inverse relationship between stress and higher consumption
of vegetables, fruits, and dairy products has been reported (Sadeghi et al. 2021).

An increase in the consumption of unhealthy snacking, such as sweet and savory
snacks, was also demonstrated in normal and overweight adults in many countries,
including Italy, Poland, Ireland, and the USA (Shen et al. 2020; Pellegrini et al.
2020; Sidor and Rzymski 2020; Spyreli et al. 2021). Sugar-sweetened energy-dense
foods were frequently consumed as a way to avoid boredom and calm stress and
other negative feelings triggered by COVID-19 (Spyreli et al. 2021). When people
are experiencing negative emotions or feel the need to reward themselves, they are
more likely to turn to comfort foods (Verhoeven et al. 2015). Consuming more high-
sugar and high-fat energy-dense foods (considering that high energy intake is the
triggering factor for inflammation and the subsequent elevation in the inflammatory
cytokines that trigger the mental stress) would be expected to increase energy intake
with low intake of essential nutrients leading to long-term health and weight
implications (Larson and Story 2013).

Accordingly, it was predictable that COVID-19 period restrictions on daily life
and increased stress could contribute to less healthy diet patterns. A previous study
concluded that people who reported feeling anxious and those with a confirmed
COVID-19 diagnosis were more likely to adopt less healthy dietary patterns
(Enriquez-Martinez et al. 2021).

An unhealthy dietary pattern is associated with the increased risk of developing
obesity and its related diseases beyond a chronic state of inflammation, which has
been proven to increase the risk for more severe COVID-19 complications. In
contrast, a healthy dietary pattern that involves more consumption of fruits corre-
lated significantly with less severe complications of the COVID-19 disease (Tavakol
et al. 2021).
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On the contrary, some positive consequences of the COVID-19 pandemic and
lockdown have been documented. As evident from previous research in Ireland,
England, and Italy, individuals cooked and consumed more homemade meals during
the lockdown period than before (Di Renzo et al. 2020; Murphy et al. 2020;
Thompson et al. 2020). The additional time available throughout the lockdown in
conjunction with the closure of restaurants encouraged the intention to prepare
homemade meals and use fresh ingredients (e.g., fruit, vegetables, and fresh meat)
(Spyreli et al. 2021). Moreover, the desire of parents to provide their families with a
healthy diet during the pandemic further contributed to consuming homemade meals
(Spyreli et al. 2021). The WHO published a document that supports healthy dietary
intake during quarantine time and encourages the consumption of fresh fruits and
vegetables and cooking recipes at home (WHO 2020b).

People who cook regularly are more likely to adopt healthy dietary patterns
compared with those who frequently consume ready-made foods (Larson et al.
2006). Undoubtedly, homemade meals are linked to better nutritional outcomes
than ready-made food. On the other hand, frequent consumption of fast food and
ready-made meals seems to increase caloric intake, which in turn, in the long term,
contributes to positive energy balance and obesity and is more likely to contribute to
developing mental health distress (Poti and Popkin 2011).

Although preparation and consumption of homemade meals were motivated,
limited access to daily grocery shopping caused by restricted store-opening hours
during the pandemic time might have led to lower consumption of fresh foods. A
considerable number of studies confirmed that the consumption of fresh products,
including fruits and vegetables, decreased during the pandemic time (Di Renzo et al.
2020; Deschasaux-Tanguy et al. 2021; Litton and Beavers 2021).

A micronutrient deficit often accompanies a reduction in the intake of fresh foods.
Vitamin and mineral deficiency is associated with impaired immune responses, thus
making individuals more susceptible to viral infections (Childs et al. 2019). In
addition, limited access to fresh food also leads to an increase in the consumption
of energy-dense ultra-processed foods, such as snacks, convenience foods, junk
foods, and ready-to-eat cereals, which tend to be high in sugars, fat, and salt
(Gupta et al. 2019).

16.4 Interaction Between Sleep, Physical Activity,
and Dietary Pattern

It is well established that a healthy lifestyle benefits people in different age groups.
Therefore, maintaining a healthy lifestyle is of great interest, particularly in a period
when the immune system might need to fight back.

A healthy lifestyle needs more than one healthy behavior to improve health and
well-being. For example, getting adequate sleep, being physically active, and sitting
less have been shown to be associated with better health (Tan et al. 2018). The



restrictions put in place to inhibit the spread of COVID-19 put more challenges in the
adoption of multiple health behaviors. Engaging in negative lifestyle behaviors was
closely related to lower health and quality of life (Duncan et al. 2014).
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Emerging evidence suggests that different health behaviors, including sleep,
physical activity, and diet, interrelate (Lippke 2014). When individuals lack sleep
or have poor sleep quality, they tend to have a higher tendency to crave an unhealthy
diet; they are also likely to feel sleepy and lack motivation to perform daily activities,
which may, in turn, result in poor work performance and social participation, as well
as limited life aspirations (Kyle et al. 2010). A study by Tan et al. reported that the
duration and quality of sleep, daytime functioning, and consuming a low-fat diet are
significantly interrelated with each other (Tan et al. 2018). Another study found that
sleep problems have been associated with a tendency to consume high-fat food and
weight gain (Beccuti and Pannain 2011). Irregular eating patterns, frequent snacking
between meals, and consuming less vegetables have also been linked to insufficient
sleep duration (Imaki et al. 2002). Moreover, poor sleepers had lower adherence to
the Mediterranean diet and higher body mass index compared with good sleepers
(Muscogiuri et al. 2020). Poor sleep quality adversely impacts both psychological
and physiological health by causing poor dietary habits (Chaput 2014).

Recent studies carried out in the context of lockdown caused by the COVID-19
pandemic highlighted the interaction between lifestyle behaviors. A study conducted
among college students in the USA to ascertain the effects of the COVID-19
pandemic and concomitant restrictions on sleep and dietary patterns found that
students who did not change their sleep duration during the lockdown were more
likely not to have changes in their food intake or dietary patterns (Rotvold et al.
2021). Another study conducted among the general public in Greece showed that
people who ate a well-balanced diet and engaged in adequate physical activity
maintained good sleep quality (Papazisis et al. 2021).

Numerous studies confirmed the positive correlation between changes in diet and
perceived sleep quality, which could be partly ascribed to the dietary inflammatory
potential and the possible role of inflammation in worsening sleep quality (Ingram
et al. 2020; Faris et al. 2022; Masaad et al. 2021). Home confinement has favored
flexible work hours at home, ensuing in late sleeping, which has been associated
with skipping breakfast, an unhealthy pattern linked to obesity and cardiovascular
diseases (Rong et al. 2019).

A positive correlation between changes in diet and changes in physical activity, as
well as changes in sleep quality and physical activity, was also reported (Ingram
et al. 2020).

Lack of physical activity as a result of home confinement has been acknowledged
as a potential risk factor that negatively affects sleep quality (Cellini et al. 2020). A
reduction in walking time was also related to a worsened sleep quality during the
lockdown period (Papazisis et al. 2021). Sleep quality was positively correlated with
the intensity of physical activity (Papazisis et al. 2021).

A multinational study of female adults showed negative perceived effects on
sleep, fitness, and diet during the pandemic, and these effects were intercorrelated
(Choi et al. 2022).
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A study conducted among UAE residents showed that the COVID-19 restrictions
caused a high prevalence of unhealthy lifestyle behaviors, such as consuming more
calories, performing less physical activity, insufficient sleep, and consequently
weight gain (Radwan et al. 2021). Another study from the UK described undesirable
changes in diet and physical activity behavior (most participants reported snacking
more frequently) and experiencing barriers to body weight management compared to
before the COVID-19 pandemic lockdown (Robinson et al. 2021). This study also
showed that a higher body mass index during the lockdown was related to lower diet
quality, a more reported frequency of overeating, and reduced physical activity
levels (Robinson et al. 2021). In Italy, a study of youths with obesity revealed
that, compared to data collected in 2019, 21 days into lockdown, participants
spent less time in sports activities and consumed more unhealthy foods (Pietrobelli
et al. 2020). Results from a longitudinal study demonstrated that a lockdown period
due to COVID-19 had an inverse effect on physical activity levels, sleep quality, and
well-being among physically active Spanish adults (Martínez-de-Quel et al. 2021).

Multiple health behavior change studies are lacking. Further research is needed to
assess whether such multiple behavior change approaches yield better health results
and are more cost effective than single health behavior change approaches. In
addition, multiple health behavior change studies would offer insights into how
best to support an individual’s health and well-being at such a vulnerable time.

References

Al Sabbah H, Taha Z, Qasrawi R, Assaf EA, Cheikh Ismail L, Al Dhaheri AS, Hoteit M,
Al-Jawaldeh A, Tayyem R, Bawadi H, AlKhalaf M, Bookari K, Kamel I, Dashti S,
Allehdan S, Alalwan TA, Hammouh F, Waly MI, Al-Halawa DA, Mansour R, Abu Farha A,
The Regional Corona Cooking Survey Group (2022) The impact of COVID-19 on physical
(in) activity behavior in 10 Arab countries. Int J Environ Res Public Health 19(17):10832.
https://doi.org/10.3390/ijerph191710832

Alfawaz RA, Aljuraiban GS, AlMarzooqi MA, Alghannam AF, BaHammam AS, Dobia AM,
Alothman SA, Aljuhani O, Aljaloud KS (2021a) The recommended amount of physical activity,
sedentary behavior, and sleep duration for healthy Saudis: a joint consensus statement of the
Saudi public health authority. Ann Thorac Med 16(3):239–244. https://doi.org/10.4103/atm.
atm_33_21

Alfawaz H, Yakout SM, Wani K, Aljumah GA, Ansari MGA, Khattak MNK, Hussain SD,
Al-Daghri NM (2021b) Dietary intake and mental health among Saudi adults during COVID-
19 lockdown. Int J Environ Res Public Health 18(4):1653

Alhussain MH, Macdonald IA, Taylor MA (2016) Irregular meal-pattern effects on energy expen-
diture, metabolism, and appetite regulation: a randomized controlled trial in healthy normal-
weight women. Am J Clin Nutr 104(1):21–32

Alhussain MH, Macdonald IA, Taylor MA (2022) Impact of isoenergetic intake of irregular meal
patterns on thermogenesis, glucose metabolism, and appetite: a randomized controlled trial. Am
J Clin Nutr 115(1):284–297

Al-Musharaf S (2020) Prevalence and predictors of emotional eating among healthy young Saudi
women during the COVID-19 pandemic. Nutrients 12(10):2923. https://doi.org/10.3390/
nu12102923

https://doi.org/10.3390/ijerph191710832
https://doi.org/10.4103/atm.atm_33_21
https://doi.org/10.4103/atm.atm_33_21
https://doi.org/10.3390/nu12102923
https://doi.org/10.3390/nu12102923


16 Sleep, Physical Activity, and Dietary Patterns During COVID-19 Pandemic 275

Bağcı TAB, Kanadıkırık A, Somyürek E, Gerçek G, Tanrıkulu HB, Öntaş E, Uzun S (2021) Impact
of COVID-19 on eating habits, sleeping behaviour and physical activity status of final-year
medical students in Ankara, Turkey. Public Health Nutr 24(18):6369–6376

BaHammam AS, Alghannam AF, Aljaloud KS, Aljuraiban GS, AlMarzooqi MA, Dobia AM,
Alothman SA, Aljuhani O, Alfawaz RA (2021) Joint consensus statement of the Saudi public
health authority on the recommended amount of physical activity, sedentary behavior, and sleep
duration for healthy Saudis: background, methodology, and discussion. Ann Thorac Med 16(3):
225–238. https://doi.org/10.4103/atm.atm_32_21

Barcin-Guzeldere HK, Devrim-Lanpir A (2022) The association between body mass index, emo-
tional eating and perceived stress during COVID-19 partial quarantine in healthy adults. Public
Health Nutr 25(1):43–50. https://doi.org/10.1017/S1368980021002974

Batlle-Bayer L, Aldaco R, Bala A, Puig R, Laso J, Margallo M, Vázquez-Rowe I, Antó JM,
Fullana-i-Palmer P (2020) Environmental and nutritional impacts of dietary changes in Spain
during the COVID-19 lockdown. Sci Total Environ 748:141410

Beccuti G, Pannain S (2011) Sleep and obesity. Curr Opin Clin Nutr Metab Care 14(4):402
Bhutani S, Cooper JA (2020) COVID-19–related home confinement in adults: weight gain risks and

opportunities. Obesity 28(9):1576–1577. https://doi.org/10.1002/oby.22904
Brown A, Flint SW, Kalea AZ, O'Kane M, Williams S, Batterham RL (2021) Negative impact of

the first COVID-19 lockdown upon health-related behaviours and psychological wellbeing in
people living with severe and complex obesity in the UK. EClinicalMedicine 34:100796

Cao W, Fang Z, Hou G, Han M, Xu X, Dong J, Zheng J (2020) The psychological impact of the
COVID-19 epidemic on college students in China. Psychiatry Res 287:112934. https://doi.org/
10.1016/j.psychres.2020.112934

Cellini N, Canale N, Mioni G, Costa S (2020) Changes in sleep pattern, sense of time and digital
media use during COVID-19 lockdown in Italy. J Sleep Res 29(4):e13074. https://doi.org/10.
1111/jsr.13074

Chaput JP (2014) Sleep patterns, diet quality and energy balance. Physiol Behav 134:86–91
Cheikh Ismail L, Osaili TM, Mohamad MN, Al Marzouqi A, Jarrar AH, Abu Jamous DO,

Magriplis E, Ali HI, Al Sabbah H, Hasan H, AlMarzooqi LMR, Stojanovska L, Hashim M,
Shaker Obaid RR, Saleh ST, Al Dhaheri AS (2020) Eating habits and lifestyle during COVID-
19 lockdown in The United Arab Emirates: a cross-sectional study. Nutrients 12(11):3314.
https://doi.org/10.3390/nu12113314

Childs CE, Calder PC, Miles EA (2019) Diet and immune function. Nutrients 11(8):1933
Choi KW, Kim HH, Basu A, Kwong AS, Hernandez-Diaz S, Wyszynski DF, Koenen KC (2022)

COVID-19 perceived impacts on sleep, fitness, and diet and associations with mental health
during pregnancy: a cross-national study. J Affect Disord Rep 7:100288

Chouchou F, Augustini M, Caderby T, Caron N, Turpin NA, Dalleau G (2021) The importance of
sleep and physical activity on well-being during COVID-19 lockdown: Reunion Island as a case
study. Sleep Med 77:297–301

Deschasaux-Tanguy M, Druesne-Pecollo N, Esseddik Y, De Edelenyi FS, Allès B, Andreeva VA,
Baudry J, Charreire H, Deschamps V, Egnell M (2021) Diet and physical activity during the
coronavirus disease 2019 (COVID-19) lockdown (March–May 2020): results from the French
NutriNet-Santé cohort study. Am J Clin Nutr 113(4):924–938

Di Renzo L, Gualtieri P, Pivari F, Soldati L, Attinà A, Cinelli G, Leggeri C, Caparello G, Barrea L,
Scerbo F (2020) Eating habits and lifestyle changes during COVID-19 lockdown: an Italian
survey. J Transl Med 18(1):1–15

Duncan MJ, Kline CE, Vandelanotte C, Sargent C, Rogers NL, Di Milia L (2014) Cross-sectional
associations between multiple lifestyle behaviors and health-related quality of life in the 10,000
steps cohort. PLoS One 9(4):e94184

Enriquez-Martinez OG, Martins MCT, Pereira TSS, Pacheco SOS, Pacheco FJ, Lopez KV,
Huancahuire-Vega S, Silva DA, Mora-Urda AI, Rodriguez-Vásquez M, Montero López MP,
Molina MCB (2021) Diet and lifestyle changes during the COVID-19 pandemic in Ibero-

https://doi.org/10.4103/atm.atm_32_21
https://doi.org/10.1017/S1368980021002974
https://doi.org/10.1002/oby.22904
https://doi.org/10.1016/j.psychres.2020.112934
https://doi.org/10.1016/j.psychres.2020.112934
https://doi.org/10.1111/jsr.13074
https://doi.org/10.1111/jsr.13074
https://doi.org/10.3390/nu12113314


American countries: Argentina, Brazil, Mexico, Peru, and Spain. Front Nutr 8:671004. https://
doi.org/10.3389/fnut.2021.671004

276 M. H. Alhussain et al.

Faris ME, Vitiello MV, Abdelrahim DN, Cheikh Ismail L, Jahrami HA, Khaleel S, Khan MS,
Shakir AZ, Yusuf AM, Masaad AA, Bahammam AS (2022) Eating habits are associated with
subjective sleep quality outcomes among university students: findings of a cross-sectional study.
Sleep Breath 26(3):1365–1376. https://doi.org/10.1007/s11325-021-02506-w

Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, Lavie CJ (2018) Promoting physical
activity and exercise: JACC health promotion series. J Am Coll Cardiol 72(14):1622–1639

Frontini R, Rebelo-Gonçalves R, Amaro N, Salvador R, Matos R, Morouço P, Antunes R (2021)
The relationship between anxiety levels, sleep, and physical activity during COVID-19 lock-
down: an exploratory study. Front Psychol 12:659599

Gupta S, Hawk T, Aggarwal A, Drewnowski A (2019) Characterizing ultra-processed foods by
energy density, nutrient density, and cost. Front Nutr 6:70. https://doi.org/10.3389/fnut.2019.
00070

Haddad C, Zakhour M, Bou Kheir M, Haddad R, Al Hachach M, Sacre H, Salameh P (2020)
Association between eating behavior and quarantine/confinement stressors during the corona-
virus disease 2019 outbreak. J Eat Disord 8:40. https://doi.org/10.1186/s40337-020-00317-0

Havermans RC, Vancleef L, Kalamatianos A, Nederkoorn C (2015) Eating and inflicting pain out
of boredom. Appetite 85:52–57

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, Hazen N, Herman J, Katz
ES, Kheirandish-Gozal L, Neubauer DN, O’Donnell AE, Ohayon M, Peever J, Rawding R,
Sachdeva RC, Setters B, Vitiello MV, Ware JC, Adams Hillard PJ (2015) National Sleep
Foundation’s sleep time duration recommendations: methodology and results summary. Sleep
Health 1(1):40–43. https://doi.org/10.1016/j.sleh.2014.12.010

Imaki M, Hatanaka Y, Ogawa Y, Yoshida Y, Tanada S (2002) An epidemiological study on
relationship between the hours of sleep and life style factors in Japanese factory workers. J
Physiol Anthropol Appl Hum Sci 21(2):115–120

Ingram J, Maciejewski G, Hand CJ (2020) Changes in diet, sleep, and physical activity are
associated with differences in negative mood during COVID-19 lockdown. Front Psychol 11:
588604

Itani O, Jike M, Watanabe N, Kaneita Y (2017) Short sleep duration and health outcomes: a
systematic review, meta-analysis, and meta-regression. Sleep Med 32:246–256. https://doi.
org/10.1016/j.sleep.2016.08.006

Jahrami H, BaHammam AS, AlGahtani H, Ebrahim A, Faris M, AlEid K, Saif Z, Haji E, Dhahi A,
Marzooq H, Hubail S, Hasan Z (2021) The examination of sleep quality for frontline healthcare
workers during the outbreak of COVID-19. Sleep Breath 25(1):503–511. https://doi.org/10.
1007/s11325-020-02135-9

Jahrami H, Haji EA, Saif ZQ, Aljeeran NO, Aljawder AI, Shehabdin FN, Fekih-Romdhane F,
Trabelsi K, BaHammam AS, Vitiello MV (2022) Sleep quality worsens while perceived stress
improves in healthcare workers over two years during the COVID-19 pandemic: results of a
longitudinal study. Healthcare (Basel) 10(8):1588. https://doi.org/10.3390/healthcare10081588

Jalal SM, Beth MRM, Al-Hassan HJM, Alshealah NMJ (2021) Body mass index, practice of
physical activity and lifestyle of students during COVID-19 lockdown. J Multidiscip Healthc
14:1901

Janssen I, Clarke AE, Carson V, Chaput J-P, Giangregorio LM, Kho ME, Poitras VJ, Ross R,
Saunders TJ, Ross-White A, Chastin SFM (2020) A systematic review of compositional data
analysis studies examining associations between sleep, sedentary behaviour, and physical
activity with health outcomes in adults. Appl Physiol Nutr Metab 45(10 (Suppl. 2)):S248–
S257. https://doi.org/10.1139/apnm-2020-0160

Jiménez-Pavón D, Carbonell-Baeza A, Lavie CJ (2020) Physical exercise as therapy to fight against
the mental and physical consequences of COVID-19 quarantine: special focus in older people.
Prog Cardiovasc Dis 63(3):386

https://doi.org/10.3389/fnut.2021.671004
https://doi.org/10.3389/fnut.2021.671004
https://doi.org/10.1007/s11325-021-02506-w
https://doi.org/10.3389/fnut.2019.00070
https://doi.org/10.3389/fnut.2019.00070
https://doi.org/10.1186/s40337-020-00317-0
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleep.2016.08.006
https://doi.org/10.1016/j.sleep.2016.08.006
https://doi.org/10.1007/s11325-020-02135-9
https://doi.org/10.1007/s11325-020-02135-9
https://doi.org/10.3390/healthcare10081588
https://doi.org/10.1139/apnm-2020-0160


16 Sleep, Physical Activity, and Dietary Patterns During COVID-19 Pandemic 277

Kyle SD, Espie CA, Morgan K (2010) “. . . Not just a minor thing, it is something major, which
stops you from functioning daily”: quality of life and daytime functioning in insomnia. Behav
Sleep Med 8(3):123–140

Laddu DR, Lavie CJ, Phillips SA, Arena R (2021) Physical activity for immunity protection:
inoculating populations with healthy living medicine in preparation for the next pandemic. Prog
Cardiovasc Dis 64:102

Larson N, Story M (2013) A review of snacking patterns among children and adolescents: what are
the implications of snacking for weight status? Child Obes 9(2):104–115

Larson NI, Perry CL, Story M, Neumark-Sztainer D (2006) Food preparation by young adults is
associated with better diet quality. J Am Diet Assoc 106(12):2001–2007

Lavie P (2001) Sleep disturbances in the wake of traumatic events. N Engl J Med 345(25):
1825–1832

Lavie CJ, Arena R, Swift DL, Johannsen NM, Sui X, Lee D-c, Earnest CP, Church TS, O’Keefe JH,
Milani RV (2015) Exercise and the cardiovascular system: clinical science and cardiovascular
outcomes. Circ Res 117(2):207–219

Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN (2019) Sedentary behavior, exercise,
and cardiovascular health. Circ Res 124(5):799–815

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, Lancet Physical Activity Series
Working Group (2012) Effect of physical inactivity on major non-communicable diseases
worldwide: an analysis of burden of disease and life expectancy. Lancet 380(9838):219–229

Lin CL, Lin CP, Chen SW, Wu HC, Tsai YH (2018) The association between sleep duration and
overweight or obesity in Taiwanese adults: a cross-sectional study. Obes Res Clin Pract 12(4):
384–388. https://doi.org/10.1016/j.orcp.2016.07.005

Lippke S (2014) Modelling and supporting complex behavior change related to obesity and diabetes
prevention and management with the compensatory carry-over action model. J Diab Obes 1:1–5

Litton MM, Beavers AW (2021) The relationship between food security status and fruit and
vegetable intake during the COVID-19 pandemic. Nutrients 13(3):712

López-Bueno R, Calatayud J, Casaña J, Casajús JA, Smith L, Tully MA, Andersen LL, López-
Sánchez GF (2020) COVID-19 confinement and health risk behaviors in Spain. Front Psychol
11:1426

Marsh S, Mhurchu CN, Maddison R (2013) The non-advertising effects of screen-based sedentary
activities on acute eating behaviours in children, adolescents, and young adults. A systematic
review. Appetite 71:259–273

Martínez-de-Quel Ó, Suárez-Iglesias D, López-Flores M, Pérez CA (2021) Physical activity,
dietary habits and sleep quality before and during COVID-19 lockdown: a longitudinal study.
Appetite 158:105019

Masaad AA, Yusuf AM, Shakir AZ, Khan MS, Khaleel S, Cheikh Ismail L, Faris MAE, Jahrami
HA, Shivappa N, Hebert JR, Bahammam AS (2021) Sleep quality and dietary inflammatory
index among university students: a cross-sectional study. Sleep Breath 25(4):2221–2229.
https://doi.org/10.1007/s11325-020-02169-z

Mattioli AV, Ballerini Puviani M, Nasi M, Farinetti A (2020) COVID-19 pandemic: the effects of
quarantine on cardiovascular risk. Eur J Clin Nutr 74(6):852–855. https://doi.org/10.1038/
s41430-020-0646-z

Micheletti Cremasco M, Mulasso A, Moroni A, Testa A, Degan R, Rainoldi A, Rabaglietti E (2021)
Relation among perceived weight change, sedentary activities and sleep quality during COVID-
19 lockdown: a study in an academic Community in Northern Italy. Int J Environ Res Public
Health 18(6):2943

Morin CM, Carrier J (2021) The acute effects of the COVID-19 pandemic on insomnia and
psychological symptoms. Sleep Med 77:346–347. https://doi.org/10.1016/j.sleep.2020.06.005

Moynihan AB, WAV T, Igou ER, Wisman A, Donnelly AE, Mulcaire JB (2015) Eaten up by
boredom: consuming food to escape awareness of the bored self. Front Psychol 6:369

https://doi.org/10.1016/j.orcp.2016.07.005
https://doi.org/10.1007/s11325-020-02169-z
https://doi.org/10.1038/s41430-020-0646-z
https://doi.org/10.1038/s41430-020-0646-z
https://doi.org/10.1016/j.sleep.2020.06.005


278 M. H. Alhussain et al.

Murphy B, Benson T, McCloat A, Mooney E, Elliott C, Dean M, Lavelle F (2020) Changes in
consumers’ food practices during the COVID-19 lockdown, implications for diet quality and the
food system: a cross-continental comparison. Nutrients 13(1):20

Muscogiuri G, Barrea L, Aprano S, Framondi L, Di Matteo R, Laudisio D, Pugliese G, Savastano S,
Colao A (2020) Sleep quality in obesity: does adherence to the Mediterranean diet matter?
Nutrients 12(5):1364

Natalucci V, Carnevale Pellino V, Barbieri E, Vandoni M (2020) Is it important to perform physical
activity during coronavirus pandemic (COVID-19)? Driving action for a correct exercise plan.
Front Public Health 8:602020. https://doi.org/10.3389/fpubh.2020.602020

Panahi S, Tremblay A (2018) Sedentariness and health: is sedentary behavior more than just
physical inactivity? Front Public Health 6:258

Papandreou C, Arija V, Aretouli E, Tsilidis KK, Bulló M (2020) Comparing eating behaviours, and
symptoms of depression and anxiety between Spain and Greece during the COVID-19 outbreak:
cross-sectional analysis of two different confinement strategies. Eur Eat Disord Rev 28(6):
836–846. https://doi.org/10.1002/erv.2772

Papazisis Z, Nikolaidis PT, Trakada G (2021) Sleep, physical activity, and diet of adults during the
second lockdown of the COVID-19 pandemic in Greece. Int J Environ Res Public Health
18(14):7292

Park JH, Yoo E, Kim Y, Lee JM (2021) What happened pre-and during COVID-19 in South Korea?
Comparing physical activity, sleep time, and body weight status. Int J Environ Res Public
Health 18(11):5863

Pellegrini M, Ponzo V, Rosato R, Scumaci E, Goitre I, Benso A, Belcastro S, Crespi C, De
Michieli F, Ghigo E, Broglio F, Bo S (2020) Changes in weight and nutritional habits in adults
with obesity during the “lockdown” period caused by the COVID-19 virus emergency. Nutri-
ents 12(7):2016

Pietrobelli A, Pecoraro L, Ferruzzi A, Heo M, Faith M, Zoller T, Antoniazzi F, Piacentini G,
Fearnbach SN, Heymsfield SB (2020) Effects of COVID-19 lockdown on lifestyle behaviors in
children with obesity living in Verona, Italy: a longitudinal study. Obesity 28(8):1382–1385.
https://doi.org/10.1002/oby.22861

Poti JM, Popkin BM (2011) Trends in energy intake among US children by eating location and food
source, 1977-2006. J Am Diet Assoc 111(8):1156–1164

Radwan H, Al Kitbi M, Hasan H, Al Hilali M, Abbas N, Hamadeh R, Saif ER, Naja F (2021)
Indirect health effects of COVID-19: unhealthy lifestyle behaviors during the lockdown in The
United Arab Emirates. Int J Environ Res Public Health 18(4):1964

Rawat D, Dixit V, Gulati S, Gulati S, Gulati A (2021) Impact of COVID-19 outbreak on lifestyle
behaviour: a review of studies published in India. Diabetes Metab Syndr Clin Res Rev 15(1):
331–336. https://doi.org/10.1016/j.dsx.2020.12.038

Robinson E, Boyland E, Chisholm A, Harrold J, Maloney NG, Marty L, Mead BR, Noonan R,
Hardman CA (2021) Obesity, eating behavior and physical activity during COVID-19 lock-
down: a study of UK adults. Appetite 156:104853

Rong S, Snetselaar LG, Xu G, Sun Y, Liu B, Wallace RB, Bao W (2019) Association of skipping
breakfast with cardiovascular and all-cause mortality. J Am Coll Cardiol 73(16):2025–2032.
https://doi.org/10.1016/j.jacc.2019.01.065

Rotvold A, Parker K, Honrath K, Rhee Y (2021) Sleep and diet patterns during COVID-19
pandemic compared to pre-pandemic patterns. Current developments. Nutrition 5(Supple-
ment_2):449–449. https://doi.org/10.1093/cdn/nzab038_061

Sadeghi O, Keshteli AH, Afshar H, Esmaillzadeh A, Adibi P (2021) Adherence to Mediterranean
dietary pattern is inversely associated with depression, anxiety and psychological distress. Nutr
Neurosci 24(4):248–259. https://doi.org/10.1080/1028415X.2019.1620425

Schuch FB, Bulzing RA, Meyer J, Vancampfort D, Firth J, Stubbs B, Grabovac I, Willeit P, Tavares
VDO, Calegaro VC, Deenik J, López-Sánchez GF, Veronese N, Caperchione CM, Sadarangani
KP, Abufaraj M, Tully MA, Smith L (2020) Associations of moderate to vigorous physical
activity and sedentary behavior with depressive and anxiety symptoms in self-isolating people

https://doi.org/10.3389/fpubh.2020.602020
https://doi.org/10.1002/erv.2772
https://doi.org/10.1002/oby.22861
https://doi.org/10.1016/j.dsx.2020.12.038
https://doi.org/10.1016/j.jacc.2019.01.065
https://doi.org/10.1093/cdn/nzab038_061
https://doi.org/10.1080/1028415X.2019.1620425


during the COVID-19 pandemic: a cross-sectional survey in Brazil. Psychiatry Res 292:113339.
https://doi.org/10.1016/j.psychres.2020.113339

16 Sleep, Physical Activity, and Dietary Patterns During COVID-19 Pandemic 279

Shen W, Long LM, Shih C-H, Ludy M-J (2020) A humanities-based explanation for the effects of
emotional eating and perceived stress on food choice motives during the COVID-19 pandemic.
Nutrients 12(9):2712

Sidor A, Rzymski P (2020) Dietary choices and habits during COVID-19 lockdown: experience
from Poland. Nutrients 12(6):1657

Singh M (2014) Mood, food, and obesity. Front Psychol 5:925
Spyreli E, McKinley MC, Woodside JV, Kelly C (2021) A qualitative exploration of the impact of

COVID-19 on food decisions of economically disadvantaged families in Northern Ireland.
BMC Public Health 21(1):1–16

Stamatakis E, Gale J, Bauman A, Ekelund U, Hamer M, Ding D (2019) Sitting time, physical
activity, and risk of mortality in adults. J Am Coll Cardiol 73(16):2062–2072

St-Onge MP, Roberts AL, Chen J, Kelleman M, O’Keeffe M, RoyChoudhury A, Jones PJ (2011)
Short sleep duration increases energy intakes but does not change energy expenditure in normal-
weight individuals. Am J Clin Nutr 94(2):410–416. https://doi.org/10.3945/ajcn.111.013904

Tan SL, Whittal A, Lippke S (2018) Associations among sleep, diet, quality of life, and subjective
health. Health Behav Policy Rev 5(2):46–58

Tavakol Z, Ghannadi S, Tabesh MR, Halabchi F, Noormohammadpour P, Akbarpour S,
Alizadeh Z, Nezhad MH, Reyhan SK (2021) Relationship between physical activity, healthy
lifestyle and COVID-19 disease severity; a cross-sectional study. J Public Health 31:267. https://
doi.org/10.1007/s10389-020-01468-9

Thompson C, Hamilton LK, Dickinson A, Fallaize R, Mathie E, Rogers S, Wills W (2020) The
impact of Covid-19 and the resulting mitigation measures on food and eating in the East of
England: interim report. University of Hertfordshire, Hatfield

Verhoeven AA, Adriaanse MA, de Vet E, Fennis BM, de Ridder DT (2015) It’s my party and I eat if
I want to. Reasons for unhealthy snacking. Appetite 84:20–27

Wardle J, Steptoe A, Oliver G, Lipsey Z (2000) Stress, dietary restraint and food intake. J
Psychosom Res 48(2):195–202

WHO (2020a) WHO guidelines on physical activity and sedentary behaviour: at a glance. Geneva.
World Health Organization. https://apps.who.int/iris/handle/10665/337001. Accessed
20 Oct 2022

WHO (2020b) WHO guideline. stay physically active during self–quarantine. World Health
Organization. http://www.euro.who.int/en/health-topics/healthemergencies/coronavirus-covid-
19/novel-coronavirus-2019-ncov-technicalguidance/stay-physically-active-during-self-quarant.
Accessed 2 Nov 2022

Wickham SR, Amarasekara NA, Bartonicek A, Conner TS (2020) The big three health behaviors
and mental health and Well-being among young adults: a cross-sectional investigation of sleep,
exercise, and diet. Front Psychol 11:579205. https://doi.org/10.3389/fpsyg.2020.579205

Wisloff U, Lavie CJ (2017) Taking physical activity, exercise, and fitness to a higher level. Prog
Cardiovasc Dis 60(1):1–2l

World Health Organization (2021) Physical activity fact sheet. https://www.who.int/publications/i/
item/WHO-HEP-HPR-RUN-2021.2. Accessed 5 Oct 2022

Xiang M, Zhang Z, Kuwahara K (2020) Impact of COVID-19 pandemic on children and adoles-
cents' lifestyle behavior larger than expected. Prog Cardiovasc Dis 63(4):531–532. https://doi.
org/10.1016/j.pcad.2020.04.013

https://doi.org/10.1016/j.psychres.2020.113339
https://doi.org/10.3945/ajcn.111.013904
https://doi.org/10.1007/s10389-020-01468-9
https://doi.org/10.1007/s10389-020-01468-9
https://apps.who.int/iris/handle/10665/337001
http://www.euro.who.int/en/health-topics/healthemergencies/coronavirus-covid-19/novel-coronavirus-2019-ncov-technicalguidance/stay-physically-active-during-self-quarant
http://www.euro.who.int/en/health-topics/healthemergencies/coronavirus-covid-19/novel-coronavirus-2019-ncov-technicalguidance/stay-physically-active-during-self-quarant
https://doi.org/10.3389/fpsyg.2020.579205
https://www.who.int/publications/i/item/WHO-HEP-HPR-RUN-2021.2
https://www.who.int/publications/i/item/WHO-HEP-HPR-RUN-2021.2
https://doi.org/10.1016/j.pcad.2020.04.013
https://doi.org/10.1016/j.pcad.2020.04.013


Chapter 17
Impact of Screen Time During
the Pandemic of COVID-19 on Sleep Habits

Omar Boukhris, Haitham Jahrami, Khaled Trabelsi, Jordan M. Glenn,
and Nicola Luigi Bragazzi

Abstract This chapter focuses on the impact of the COVID-19 pandemic on screen
time and the effects of increased screen time on sleep patterns. Additionally, some
strategies to cope with excessive screen time and sleep disruption will be outlined.
To date, available data indicate restrictions imposed during the COVID-19 pandemic
increased screen time, independent of age. This excessive use of digital devices,
especially before bedtime during the pandemic, resulted in sleep perturbations. Sleep
is pivotal for health, well-being, and overall health-related quality of life and is thus
essential for optimal immune function. As a result, implementing strategies aimed at
reducing the negative effects of increased screen time to improve sleep may help
prevent the deleterious effects of the virus infection.
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17.1 Introduction

During the pandemic of COVID-19, most countries worldwide implemented severe
restrictions such as quarantine and lockdowns to limit the spread of the virus. Due to
these restrictions, several activities were postponed, including the closure of schools,
universities, workplaces, gyms, and sports centers. These restrictions, and subsequent
home confinement, generated reductions in social interaction and life satisfaction, as
well as an impairment in mental health (Ammar et al. 2020). To decrease this
psychosocial strain during the lockdown, Ammar et al. (2020) recommended the use
of digital technology to promote social inclusion. However, the use of digital technol-
ogy also resulted in an increase in screen time during this period (Drumheller and Fan
2022; Runacres et al. 2021). Screen time is defined as the amount of time spent using
digital devices for work aims, education, or entertainment (Pandya and Lodha 2021).
Previous studies indicated that screen time (e.g., TV, social media, and internet)
increased significantly compared to before the COVID-19 pandemic (Drumheller
and Fan 2022; Guo et al. 2021; Meyer et al. 2020; Bruni et al. 2022). Although digital
technologies have limited feelings of loneliness and social withdrawal due to social
distancing during home confinement, this increase in screen time also leads to health
concerns (Pandya and Lodha 2021). Several factors including, but not limited to, sleep
disturbances, markedly reduced physical activity, stress, anxiety, and obesity are all
reported to relate to this increase in screen time, especially in children and adolescents
(Drumheller and Fan 2022; Hammoudi et al. 2021).

Given the above considerations, this chapter aims to review the current state of
knowledge about the effects of the COVID-19 pandemic on screen time and the
impact of increased screen time on health and specifically sleep habits. Additionally,
some strategies to cope with challenges imposed by the COVID-19 pandemic will be
suggested.

17.2 Increasing Screen Time During the COVID-19
Pandemic

Characteristics of the included studies examining the pandemic’s effects on screen
time in children and adolescents are summarized in Table 17.1. The studies were
published between the years 2020 and 2022. The highest number of participants was
1115 (Eyimaya and Irmak 2021), whilst the remaining studies ranged between
57 and 860 participants. The mean participant age ranged from 6 to 17 years.

Almost all studies conducted during the pandemic of COVID-19 reported that
screen time increased significantly compared to before the pandemic independently
of age and population. Additionally, excessive screen time (>1 h per day) was often
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reported in children, indicating that this population exceeded the recommendation
thresholds related to permissible screen time (Gupta et al. 2022).
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Characteristics of the included studies examining the effect of the pandemic of
COVID-19 on screen time in adults and older adults are summarized in Table 17.2.
The studies were published between the years 2020 and 2022. The highest number of
participants was 45,161 (Malta et al. 2020), whilst the remaining studies ranged
between 117 and 13,754 participants. The mean ages of participants ranged from
18 to 80 years.

17.3 Impact of Increased Screen Time on Overall Health

Mental and physical health are the factors most adversely impacted by increased
screen time (Pandya and Lodha 2021). Specific to children and adolescents, a high
risk of myopia is considered a negative result of these increases (Singh and Balhara
2021). There is evidence that excessive digital use also has negative long-term
physical impacts, including sleep perturbation, eye strain, and neck pain among
them (Pandya and Lodha 2021). Excessive exposure to screens before bedtime may
lead to melatonin suppression, which negatively influences sleep quality, making
children susceptible to the negative effects of artificial light at night (Abid et al.
2021). Concerning mental health, excessive screen time adversely affects attention,
social intelligence, and concentration, as well as engenders isolation, emotional
dysregulation, anxiety, depression, and technology addiction (Pandya and Lodha
2021).

For adults, sleep routines and regular physical activity tend to be replaced by
sedentary behaviors, characterized by excessive screen time, provoking negative
effects such as decreased sleep duration or sleep-wake inversion, neck pain, head-
ache, myopia, high blood pressure, obesity, insulin resistance, and digital eye
syndrome (World Health Organization 2020). Excessive digital technology use
can also result in collateral damage to visual health, sleep patterns, and food habits
(Pandya and Lodha 2021). Furthermore, the relationship between poor mental health
and increased screen time has been previously reported (Pandya and Lodha 2021).
More importantly, as sleep and the immune system are related to each other, the
negative effects of excessive screen time before bed, during the COVID-19 pan-
demic, on sleep quality and duration may negatively impact the immune system.
Bryant et al. (2004) reported that sleep loss or perturbation negatively influences
immune function. In this context, greater odds to contract COVID-19 infection are
correlated with sleep loss or perturbation, which is not the case for people who have
a greater duration of sleep (Ragnoli et al. 2022).
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Table 17.2 Effects of COVID-19 pandemic on screen time in adults and older adults

Sample Age
Method of
screen time
measurement

Carroll
et al. (2020)

Canada 351 38.5
± 5.2

Closure of
parks,
school clo-
sures, and
social
distancing

Author
developed

" to 2.8 ± 1.7 h/
day

Cheikh
Ismail et al.
(2020)

United
Arab
Emirates

1012 NM Quarantine
and social
distancing

IPAQ short
form

36.2% of partic-
ipants spent
>5 h/day for
entertainment
during COVID-
19 compared to
12.9%
pre-COVID-19

Colivicchi
et al. (2020)

France 124 71.0
± 14.0

Lockdown Telephone
interviews

" in 50% of
participants

Górnicka
et al. (2020)

Poland 3241 46.2
± 15.3

Social dis-
tancing and
lockdown

Canadian
Health Mea-
sures Survey

" to ≥8 h/day
during COVID-
19 pandemic

Hu et al.
(2020)

China 1033 18–60 Lockdown Author
developed

" in 70% of
participants

Husain and
Ashkanani
(2020)

Kuwait 415 38.5
± 12.7

Lockdown Author
developed

Participants
watching >6 h/
day by 27.5%

Malta et al.
(2020)

Brazil 45,161 18–29 Social dis-
tancing and
lockdown

Internally vali-
dated
questionnaire

" from 1.5
± 0.1 h/day to
5.3 ± 0.1 h/day
for computer or
tablet uses, and
from 1.5
± 0.1 h/day to
3.3. ± 0.1 h/day
for TV

Mon-López
et al. (2020)

Spain 120 30–39 Quarantine,
social dis-
tancing, and
lockdown

Author
developed

" from 403.0
± 203.4 min/
day to 615.6
± 331.6 min/
day

Qin et al.
(2020)

China 12,107 18–80 Lockdown IPAQ-short
form

" to 261.3
± 189.8 min/
day during
lockdown

Khare et al.
(2021)

India NM NM Lockdown Author
developed

61.4% of partic-
ipants " their
screen time dur-
ing lockdown
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Table 17.2 (continued)

Sample Age
Method of
screen time
measurement

Richardson
et al. (2021)

United
Kingdom

117 75.0
± 4.0

Social dis-
tancing and
lockdown

Author
developed

" from 426.0
± 27.0 min/day
pre-COVID-19
to 490.0
± 25.0 min/day
during COVID-
19

Rodríguez-
Larrad et al.
(2021)

Spain 13,754 22.8
± 5.3

Lockdown Combination
of IPAQ and
modified Sed-
entary Behav-
iour
Questionnaires

" from 217 min/
day
pre-COVID-19
to 373 min/day
during COVID-
19

Rolland
et al. (2020)

France 11,391 22.8
± 5.3

Lockdown Author
developed

" in 64.6% of
participants

increased, NM not mentioned, IPAQ International Physical Activity Questionnaire

17.4 Impact of Increased Screen Time on Sleep Parameters

17.4.1 Children and Adolescents

Sleep is known to be important for child and adolescent health and well-being, and
there is an increased possibility of sleep problems developing or worsening during
home confinement (Bruni et al. 2022). Sleep disturbances are linked to increased
levels of psychological and emotional distress, as a result of changes in family
financial circumstances, uncertainty about the future, and health concerns (Becker
and Gregory 2020). Additionally, social distancing, advice to stay indoors, and
remote learning tend to reduce sunlight exposure, create more flexibility in wake
and sleep times, increase the possibility of taking longer daytime naps, and favor the
use of technology for learning during the day. In this context, the results of the
review by Paterson et al. (2021) revealed an increase in sleep duration during the first
year of the COVID-19 pandemic in children and adolescents. Bedtime and wake
time were also delayed during the pandemic (Paterson et al. 2021). Furthermore, a
systematic review and meta-analysis concluded that around half of healthy children
did not accumulate the recommended total sleep time (i.e., 9–11 h for school
children; Hirshkowitz et al. 2015) (Sharma et al. 2021).

Unfortunately, there are limited studies (with inconsistent findings) examining
the relationship between screen time and sleep parameters in children or adolescents
during the COVID-19 pandemic. In this context, Zhang et al. (2021) reported that
sleep disturbances were not associated with screen time, whilst Moitra and Madan
(2022) found a significant correlation between sleep problems and increased screen
time. Therefore, further studies are needed to determine the relationship between



sleep parameters and screen time in children and adolescents during future
pandemics.
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17.4.2 Adults

Contrary to children and adolescents, several studies have investigated the relation-
ship between screen time and sleep parameters in adults.

17.4.2.1 Relationship Between Sleep Latency and Screen Time

It has been shown that sleep latency increased significantly when screen time was
higher during the pandemic of COVID-19 (Drumheller and Fan 2022). In this
context, Salfi et al. (2021) reported that excessive digital use before bedtime is
related to increases in sleep latency. In addition, Facer-Childs et al. (2021) reported
that Australian athletes who increased their screen time during the pandemic had a
higher sleep latency (i.e., 37 min), compared to a sleep latency of 22 min for athletes
who reduced their screen time. Furthermore, a significant correlation existed
between excessive screen time and sleep latency during the COVID-19 pandemic
(Cellini et al. 2020).

17.4.2.2 Relationship Between Delayed Bedtime and Screen Time

It has been reported that delayed bedtimes were due to excessive screen time before
sleep during the pandemic (Drumheller and Fan 2022). It has been shown that
excessive screen time during the pandemic leads to a significant delay in bedtime,
whilst a decrease or a lack of change in screen use did not lead to a delayed bedtime
(Salfi et al. 2021). Moreover, Cellini et al. (2020) reported that delayed bedtime was
probably due to increased screen time.

17.4.2.3 Relationship Between Sleep Duration and Screen Time

Several studies have examined the effect of screen time on sleep duration during the
pandemic of COVID-19. A sleep duration of ≤7 h per day was attributed to the
excessive use of digital devices (Souza et al. 2022). Likewise, Salfi et al. (2021)
found that an increase in screen time caused a decrease in sleep duration, whereas a
decrease or a lack of change in screen time did not produce a reduction in sleep
duration. In addition, a significant correlation has been observed between excessive
screen time and decreased sleep duration during the pandemic in individuals study-
ing or working from home (Majumdar et al. 2020). Furthermore, Akulwar-Tajane
et al. (2020) reported that 52% of students linked their reduction in sleep duration to



excessive screen time. However, Ali et al. (2022) reported a significant correlation
between increased screen time and longer sleep duration during the pandemic.
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17.4.2.4 Relationship Between Wake Time and Screen Time

Two studies have examined the relationship between screen time and wake time
during the COVID-19 pandemic. Cellini et al. (2020) found a significant correlation
between wake time and excessive screen time. Similarly, Salfi et al. (2021) found
that an increase in screen time before bedtime resulted in later wake times during the
COVID-19 pandemic, whereas a decrease or a lack of change in screen time did not
cause later wake times.

17.4.2.5 Relationship Between Sleep Quality and Screen Time

Five studies examined the relationship between screen time and sleep quality during
the COVID-19 pandemic. Of these, four reported sleep quality to be significantly
impaired by increased digital use (Barrea et al. 2020; Dai et al. 2021; Salfi et al.
2021; Werneck et al. 2020), whilst one study reported that sleep quality was not
affected by increased digital use (Cellini et al. 2020). Salfi et al. (2021) found that an
increase in screen time before bedtime resulted in decreased sleep quality, as
measured via the Pittsburgh Sleep Quality Index (PSQI) questionnaire, whereas a
decrease or no change in screen time did not cause sleep quality impairment.
Additionally, Barrea et al. (2020) found that sleep quality measured by PSQI
decreased significantly in online workers; however, these results were not observed
in offline workers. Moreover, Werneck et al. (2020) and Dai et al. (2021) reported
significant declines in sleep quality due to excessive screen time before bedtime. In
contrast, Cellini et al. (2020) found that sleep quality was not influenced by
excessive screen time.

Although there are a high number of studies investigating the relationship
between sleep and screen time in adults, a subset of studies only examined the
impact of the COVID-19 pandemic on sleep, without examining the relationship
between screen time and sleep. A systematic review and meta-analysis conducted by
Jahrami et al. (2021) found that nearly 40% of general people have sleep problems
during the COVID-19 pandemic. Another systematic review conducted in 2021
found that sleep perturbations were very common during the COVID-19 pandemic
among the general population (Lin et al. 2021). Recently, Jahrami et al. (2022)
concluded through a systematic review and meta-analysis that sleep problems were
reported among four in every ten individuals and that children, adolescents, and
patients infected with COVID-19 appeared to be the most affected groups during the
lockdown.

It should be acknowledged that studies examining the relationship between sleep
and screen time in athletes during the COVID-19 pandemic are lacking. Therefore,
impairment in sleep quality and inadequate sleep duration, reported in athletes



during the COVID-19 pandemic (da Silva Santos et al. 2021; Romdhani et al.
2022a, b; Kurniarobbi et al. 2022), could not be attributed to increased screen
time. Nevertheless, this relationship should be investigated in future studies.
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17.5 Practical Recommendations

To limit or reduce the negative effects of screen use and sleep disruption during the
COVID-19 pandemic and especially during home confinement, the following rec-
ommendations are proposed:

– For adults, spend less than 4 h per day for digital use with breaks every 20 min.
Technology may be used to schedule this time (Agarwal et al. 2022). However,
children (24–59 months) should not exceed 1 h per day of screen time use (with
each session not more than 20–30 min); the less the better (Gupta et al. 2022). The
maximum duration of 2 h per day including recreational screen time, and time
spent on screen at home to complete educational and extracurricular assignments,
was recommended for children aged 5–10 years (Gupta et al. 2022). For adoles-
cents (10–18 years), screen time should be balanced with other activities that are
required for overall development (e.g., physical activity, hobbies, and family
time) (Gupta et al. 2022).

– Use audio calls instead of video calls and typing messages to minimize screen
fatigue (Pandya and Lodha 2021).

– Do not bring digital devices into the bedroom or switch them off before bed to
decrease sleep perturbation owing to light exposure (Altena et al. 2020).

– Use strategies that promote sleep instead of screen use (e.g., slow breathing
techniques) (Borges et al. 2021).

– Avoid late and long napping during the day and caffeine consumption 4–5 h
before sleep (Romdhani et al. 2022a, b).

– Heavy meals are not recommended and consume snacks rich in tryptophan 1 h
before sleep (Romdhani et al. 2022a, b).

– Some activities should be implemented like reading books, indoor games, and
physical exercises such as meditation and Yoga for better overall individual
health (Agarwal et al. 2022).

– People should be made aware of the detrimental effects of increased screen time
and the value of sleep for overall health by health departments and policymakers.

17.6 Conclusion

In conclusion, although the use of digital devices helped people to reduce social
distancing during the pandemic of COVID-19, excessive screen time may lead to
negative effects on physical and mental health. Sleep problems are considered



among the most negative effects of increased screen time, given that adequate sleep
is essential for proper immune functioning which, in turn, helps to combat viral
infections.
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Chapter 18
Dreams and Nightmares During
the COVID-19 Pandemic

Deirdre Barrett

Abstract This chapter reviews studies from different countries about the influences
of the COVID-19 pandemic on dreaming. These find that direct content about the
pandemic is reported by many dreamers and that general dreams have been more
anxious throughout this period. The chapter then focuses in detail on a survey of
12,000+ pandemic dreams by the current author and three analyses of it: (1) a
qualitative reading for literal and metaphoric themes, (2) a comparison with
normal-era dreams utilizing the Linguistic Inquiry and Word Count, and (3) a
comparison with waking conversation about COVID-19 as differentiated by a
deep learning algorithm.

Keywords Dreams · Nightmares · COVID-19 · Post-traumatic stress disorder ·
Continuity hypothesis

Crises prior to the COVID-19 pandemic have influenced dream content toward more
anxious dreams, many of which are about those crises. This has been documented for
the September 11, 2001, terrorist attacks (Barrett 2002; Bulkeley and Kahan 2008;
Hartmann and Basile 2003), the Iraqi invasion of Kuwait (Barrett and Behbehani
2003), the Oakland/Berkeley Firestorm (Siegel 1996), and detention of Allied troops
in Nazi POW camps during WWII (Barrett et al. 2013). Some of these studies have
also reported metaphors standing in for the actual crisis in some dreams (Barrett
2002; Barrett and Behbehani 2003; Hartmann and Basile 2003); especially common
are natural disasters such as tidal waves, hurricanes, and wildfires (Hartmann and
Basile 2003).

In a survey in the USA conducted in early May 2020, 8.15% of respondents
reported having dreamt about COVID-19 (Schredl and Bulkeley 2020). In Brazil,
during May and June 2020, 33% reported dreams about COVID-19 (Musse et al.
2020). In a Canadian survey during April and May 2020, dreams about the pandemic
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were reported by almost 37% of the general population (Robillard et al. 2021). In the
US study during the fall of 2020, the proportion of COVID-19 dream reporters
increased to 45–65% (Gallagher and Incelli 2021). During the pandemic, dream
imagery was characterized by a high presence of virus-related themes, particularly
anxieties and concerns related to COVID-19 contagion (e.g., Giovanardi et al. 2022;
Le Bel and DeCicco 2022; MacKay and DeCicco 2020; Margherita et al. 2021;
Monaco et al. 2022; Pesonen et al. 2020; Šćepanović et al. 2022; Sommantico et al.
2021a, b, 2022; Wang et al. 2021).
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Furthermore, findings in the literature of longitudinal dream studies during the
different waves of COVID-19 (e.g., Alfonsi et al. 2021; Conte et al. 2021; Goncalves
et al. 2022; Gorgoni et al. 2022a, b; Scarpelli et al. 2021, 2022) highlighted that its
impact persisted on dream features, such as frequency, length, vividness, and
negative emotionality, despite a sort of adaptation to the pandemic situation (e.g.,
Conte et al. 2021; Meaklim et al. 2022).

Studies on populations subject to the COVID-19 lockdown measures (e.g.,
Borghi et al. 2021; Cong et al. 2022; Gallagher and Incelli 2021; Guo and Shen
2021; Kilius et al. 2021; Mariani, Mariani, Monaco et al. 2022; Margherita et al.
2021; Marogna et al. 2021; Mota et al. 2020; 2022b) have shown that the isolation-
quarantine situation specifically has a strong impact on dreaming.

Several studies indicated that aside from content about the pandemic, the
COVID-19 pandemic has increased dream and nightmare recall frequency (e.g.,
Alghamdi et al. 2022; Conte et al. 2021; Fränkl et al. 2021; Giovanardi et al. 2022;
Gorgoni et al. 2021; Gorgoni, Scarpelli, Alfonsi, and De Gennaro 2022a; Guerrero-
Gomez et al. 2021; Guo and Shen 2021; Kennedy et al. 2022; Margherita et al. 2021;
Musse et al. 2020; Sommantico et al. 2021a; Scarpelli et al. 2021; Schredl et al.
2022; Schredl and Bulkeley 2020; Solomonova et al. 2021; Sommantico et al.
2021b), as well as vividness and emotionality in dreams. In particular, participants
who experienced COVID-19 more directly reported higher emotional intensity in
their dreams, characterized by a higher presence of sensory impressions (e.g., Barrett
2020; Schredl and Bulkeley 2020; Sommantico et al. 2021a, b).

Reporting dreams about COVID-19 correlated with sleep problems reported in
other chapters of this volume. In a Columbian sample, people who recalled having
dreams about the COVID-19 pandemic averaged a worse quality of sleep than those
who did not, as assessed by items such as sleep latency, sleep duration, reported
sleep disturbances, and use of sleeping medication (Cabeza et al. 2022).

The survey reported in the remainder of this chapter is an ongoing one by the
author of 12,000+ dreams reported by 45,000 dreamers from 86 countries. To date, it
has been used in three very different analyses: (1) categorizations of literal and
metaphoric themes based on a qualitative close read (Barrett 2020a); (2) a compar-
ison with dreams from normal times using the Linguistic Inquiry and Word Count
(LIWC) categories for emotions, illness, death, and body references (Barrett 2020);
and (3) a deep learning algorithm identification of symptoms and emotions in
pandemic survey dreams vs. waking conversation about COVID-19.
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18.1 Method

18.1.1 Participants

Respondent’s ages ranged from 18 to 91 years, with a mean of 40.08 and a standard
deviation of 16.89. There were 1998 women and 890 men. Sixty-eight subjects were
identified as either gender-neutral or transgender; this subset was deemed not large
enough or consistent enough to analyze in the present study, but it may be included
in future analyses as the survey N grows. Nationalities, in decreasing frequency,
were US 2011, British 249, Italian 212, Canadian 173, Spanish 91, Indian 54, Peru-
vian 54, German 46, Mexican 42, Australian 34, Brazilian 33, French 22, Polish
22, and 73 other nationalities with less than 20 respondents each.

18.1.2 Materials

A survey was posted on March 23rd, and responses were downloaded for analysis on
July 15th. The survey asked respondents to submit “any dreams you have had related
to the COVID-19 coronavirus.” The survey also inquired about age, gender, and
nationality. The survey was announced on 11 Facebook groups—3 smaller ones
(611–7461 members) focused on dreams and 8 larger ones (27,961–41,351 mem-
bers) focused on the pandemic. The survey has also been linked to articles in major
media in the USA, Europe, South America, Australia, New Zealand, and India. The
survey is ongoing, but the responses as of July 15, 2020, were utilized for the
analyses reported here.

18.2 Study 1: A Qualitative Close Read for Content
Categories

18.2.1 Procedure

18.2.1.1 Results

A common category of dreams in my survey is simply catching the virus. Dreamers
have trouble breathing or spike a fever. Other symptoms are more dreamlike: one
woman sees a dark aura from a person she passes on the street who touches her body
and knows that it has infected her. Another looks down and notices bright blue
stripes on her stomach and remembers that it is the first sign of infection. Variations
include one’s children or elderly parents coming down with the virus.

Not all dreams about the virus are literal. After 9/11, I saw some metaphoric
dreams. However, due to the dramatic images associated with that event, a majority



dreamed of buildings falling, planes smashing into things, and/or hijackers with
knives. Our dreaming mind is intensely visual, so when it feels fear, it searches for an
image to match that feeling. Bugs express what many are feeling about COVID-19.
Swarms of flying insects—bees, hornets, wasps, gnats, and horseflies—attack.
Masses of toxic worms writhe in front of dreamers. Armies of cockroaches race
toward them. Bedbugs, stink bugs: One woman dreamed of giant grasshoppers with
vampire fangs. Bugs are the definitive metaphor now probably partly because of our
slang use of the word “bug” to mean a virus or other illness, as in “I’ve got a bug,”
but they also make a very good representation for lots of tiny things that cumula-
tively could harm or kill one.
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Another metaphoric creature unique to this epidemic is the invisible monster.
Some dreamers must cross exposed outdoor areas and know that some monsters
could kill but which they cannot spot. Others wander through building complexes
and hear steps behind them or spot subtle shadows moving when they cannot
directly see the monsters.

The standard metaphors for dreams about any crisis also showed up in the
pandemic survey. Tsunamis, tornados, hurricanes, earthquakes, wildfires, and mass
shooters are some of the common metaphors in the responses.

Metaphoric dreams may also be made with direct reference to some detail of this
pandemic—interspersing the scary visual metaphor with actual guidance.
New York’s Governor Cuomo tells people that they have to shelter in place because
of the swarms of bugs or shooters in the streets. President Trump announced that
there was no tsunami, calling it “fake news.”

I saw similar traumatic nightmares in the pandemic survey from healthcare
workers as those on the front line of other crises. Six hundred healthcare workers
have responded and many of their dreams reenact the worst moments of their days.
They are trying to intubate a patient whose airway is too constricted. They get a tube
into someone, and it slips back out. The ventilator malfunctions. Sometimes, there is
a dreamlike element as with the Italian doctor falling out of the window with his
patient.

As the lockdown/stay-at-home/shelter-in-place/quarantine orders have continued,
there has been an increase in dreams which focus on this rather than the virus itself.
Those who are home alone dream scenarios that exaggerate their loneliness: they are
in all sorts of prisons, or the person I quoted in the introduction to the book got
stranded alone on Saturn and another woman had a very similar dream in which she
had been selected to be the first colonist on Mars—a job she had not applied for.

At the other end of the spectrum, people were sheltering with even more extended
family than those with whom they usually reside. They dreamed of their house being
converted into a homeless shelter, a testing site, or neighbors barging in and
“borrowing” all their toilet paper.

Parents, mostly mothers, who were homeschooling their children early in the
pandemic had exaggerated dreams about the frustrations of this. One mother of a
10-year-old dreamed that her child’s school texted her to say that they were sending
the entire class to her home for her to teach for the rest of the pandemic. Another



dreamed that homeschooling consisted of the parents taking the children’s exams
and her son was going to have a year of Fs in middle-school math.
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Dreams about masking were a category that evolved over time. Early in the
pandemic, only respondents in Asia dreamed about masks—usually “whoops, I
forgot my mask” or more dreamlike versions where the mask turns into a small
animal clinging to their face which jumps off and runs away. By the summer of
2020, these dreams were common in North America and Europe also. In 2020, all
dreams about not having a proper mask on were fearful ones about exposure to
disease. By 2021, and increasingly through 2022, when dreamers realized that they
were not wearing a mask, the response was often more one of social shame and
hoping that others had not noticed their omission.

A few of the pandemic survey dreams were positive with the main two happy
themes being the following: (1) the dreamer is cured of the virus or they or someone
else discovers a cure for all mankind or (2) the post-COVID world is greatly
improved by psychological lessons learned and/or reduced pollution and return to
natural conditions.

18.3 Study 2: Computer Text Analysis Comparison
with Pre-pandemic Dreams

18.3.1 Procedure

It was hypothesized that dreams since the outset of the COVID-19 pandemic, when
compared to ones from a normative, noncrisis time, would demonstrate a shift from
positive to negative emotions, especially anxiety, and a higher rate of concern with
disease and death. The measure selected for testing the hypotheses was Linguistic
Inquiry and Word Count (Pennebaker et al. 2015). This computer text analysis
program is easily utilized on large samples of dream accounts and to contain emotion
and other content categories that correspond closely to equivalent ones of the Hall
and van de Castle rating scales (Barrett 2015; Bulkeley and Graves 2018), which are
the most standard human-scored scales for a dream content (Domhoff 2003). The
survey dreams were analyzed using nine scales of the LIWC: positive emotions,
negative emotions, anxiety, anger, sadness, biological processes, body, health, and
death. The results were compared to the 981 dreams utilized for norming the Hall
and van de Castle rating scales and which have been used as a comparison sample in
more dream research than any others (Domhoff 2003). Unequal variance t-tests were
conducted with Benjamini-Hochberg corrections applied.
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18.3.2 Results

All hypotheses were confirmed at a minimum of a corrected level of .05 with most
reaching much higher significance (see Table 18.1).

The predicted increase in the variable health was the only one significant at as
high a level as for women. Positive emotions, negative emotions, anxiety, and death
changed in the predicted direction at lower significance levels than the effects of
women’s pandemic dreams. The variables anger, sadness, and body did not differ
between the pandemic dreams and the normative sample (see Table 18.2).

Table 18.1 Female pandemic survey dreams vs. Hall and van de Castle female normative dreams

LIWC category Pandemic mean SD Normative mean SD t= p=

Positive emotions 1.11 1.82 1.48 1.52 4.64 <.0001a

Negative emotions 2.31 3.32 1.40 1.47 9.14 <.0001a

Anxiety .76 2.20 .46 .74 5.05 <.0001a

Anger .42 1.32 .31 .64 2.66 .0078

Sadness .46 1.37 .27 .63 4.55 <.0001a

Biological processes 2.43 2.87 1.80 1.97 5.75 <.0001a

Body 1.07 1.83 .83 1.32 3.81 .0009b

Health .91 1.69 .48 .90 7.76 <.0001a

Death .51 1.75 .15 .52 7.89 <.0001a

a Benjamini-Hochberg corrected p < .001
b Benjamini-Hochberg corrected p < .01

Table 18.2 Male pandemic survey dreams vs. Hall and van de Castle male normative dream

Pandemic male
mean

Normative male
mean

Positive emotions .96 3.81 1.48 1.46 3.47 .0009a

Negative emotions 1.91 2.95 1.50 1.52 3.28 .0011a

Anxiety .48 1.06 .33 .64 3.17 .0015a

Anger .45 1.27 .47 .93 .33 .7506

Sadness .34 1.37 .27 .53 1.32 .1953

Biological
processes

1.99 3.21 1.67 1.92 2.24 .0252b

Body .73 1.44 .78 1.21 .67 .5032

Health .76 1.69 .38 .76 5.52 <.0001c

Death .74 5.33 .23 .67 2.67 .0077a

a Benjamini-Hochberg corrected p < .01
b Benjamini-Hochberg corrected p < .05
c Benjamini-Hochberg corrected p < .001
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18.4 Study 3: Comparison of COVID-19 Pandemic Dreams
with Tweets About the COVID-19 Pandemic

18.4.1 Procedure

This study was performed in collaboration with computer scientists Sanja
Šćepanović, Luca Maria Aiello, and Daniele Quercia. All computation in this section
was performed by them, and more on the deep learning AI algorithm utilized is
reported elsewhere (Šćepanović et al. 2022). The dataset used for this study is one of
Twitter’s “tweets” containing words related to COVID-19, which is openly shared
via GitHub (Chen et al. 2020). From this initial dataset, 57,287,490 English tweets
posted in the year 2020 from February 1st to April 30th by 11,318,634 unique users
were extracted. This timeframe includes the period of the initial spread of the virus
until the peak of the number of deaths worldwide during the first wave of infections.
Given that English tweets were selected, most of the users in the dataset came from
the USA and the UK. In the USA, 22% of the population uses Twitter, and notably,
Twitter users are gender-balanced though (50% women).

The procedure consisted of three main steps. First, on both of the datasets (i.e.,
pandemic discussions and dream reports), a deep learning natural language
processing (NLP) method called MedDL (Scepanovic et al. 2020) was applied to
extract mentions of medical conditions. Second, the extracted conditions were
classified based on their relative prevalence in the two pandemic datasets into
three groups: conditions typical of waking discussions, those equally prevalent,
and those types of dream reports. Third, a co-occurrence network of dream condi-
tions was constructed and analyzed using graph modeling to find important condi-
tions (i.e., conditions linked to many other conditions), and groups of conditions that
co-occur frequently.

As is detailed further in the results, conditions that are more prevalent in dream
reports are often characterized by unreal imagery. To discover how those special
types of conditions are related to concrete medical conditions, a co-occurrence graph
of the 1732 unique medical conditions in dream reports was separately applied. This
captured the semantic relatedness of medical conditions: symptoms or diseases that
were often mentioned together are likely to describe the same condition, and served
to discover groups of related conditions as, in the network, they form densely
connected clusters of nodes. Out of the 1732 unique medical conditions in dream
reports, 313 did not co-occur with any other condition (i.e., they resulted in singleton
nodes in the graph), so they were discarded. The graph containing the remaining
1419 nodes had 4084 edges.
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18.4.2 Results

The MedDL analyses found that common COVID-19 symptoms were present in
both waking discussions during the pandemic (and not in those pre-pandemic) and
dream reports. Yet, it also found sleep-deformed real-life experiences, in that dream
reports tended to contain metaphorical embodiments of actual symptoms.

MedDL found that those commonly mentioned in both datasets included coro-
navirus, anxiety, cancer, coughing, and stress. Conditions such as infectious disease
and Ebola were highly ranked among the top mentions in waking discussions, but
not in dreams, whereas mentions of seasick and bleeding were more frequent in
dream reports. Some of the rare conditions found in tweets included
hypergammaglobulinemia, hyperreactivity pulmonary destruction, or vaping-
related lung illnesses, while rare conditions in dreams included feeling like water
fills my lungs, extreme déjà vu, or grabbing at my throat and swollen tongue. In
summary, in the group of equally prevalent conditions in waking discussions and
dream reports, we found different mentions of COVID-19 itself (e.g., coronavirus,
coronavirus, COVID, or virus), or of its common symptoms (e.g., fever, pain, sore
throat, migraine, and cough).

In addition to the conditions common to the two sets of pandemic data, some
conditions differentiated the two. Symptoms found more in waking discussions were
realistic symptoms directly linked to COVID-19 (e.g., body aches, abnormal heart
rate, bronchitis, pneumonia, and nasal pain), or related to similar conditions (e.g.,
influenza, SARS, H1N1, bird flu, allergy, flu-like symptoms), showing that people
were discussing other infectious diseases as well. On the other hand, conditions
mentioned mostly in dream reports included those that did not occur with the virus
(maggots, deformities, red virus, and snakebites) or surreal ones (teeth suddenly
falling out, body crumbling into the sand, and rodents moving around in my
periphery), likely reflecting an exaggerated visual depiction of something wrong
with the body or of dramatic scenarios resulting from the virus (see Table 18.3).

The network of symptom co-occurrence sheds light on how the waking and
dreaming associations to aspects of COVID-19 diverge. Anxiety and choking link
to each other and have equally dense links to other symptoms for both waking and
dreaming data. However, for the waking discussions, anxiety and choking also link
to other potential realistic symptoms such as diarrhea and throwing up. The dreams’
anxiety and choking references link with symptoms such as balding and teeth falling
out. Interestingly, the symptom nightmare is equally densely linked in both waking
and dream networks. In the waking discussions, however, it links to potential causes
of nightmares: trauma and PTSD. The dream reports link to the imagery of night-
mares: dark clouds, a buzzing sound, and ice running through veins.

In the deep learning analysis, a method using contextual embeddings trained on
social media data is applied to extract symptom references. Symptoms seen more in
waking discussions about COVID-19 were realistic potential symptoms (“body
aches,” “abnormal heart rate,” and “nasal pain”) while ones mentioned mostly or
only in dreams included ones not actually occurring with the virus (“maggots,”



“deformities,” and “snakebites”) or surreal, impossible ones (“teeth suddenly falling
out” and “body crumbling into sand”). Symptoms mentioned more in pandemic
dreams by men than women included many around the core symptom of respiratory
difficulty (“respiratory distress,” “trouble breathing,” and “lungs stopped working”)
while ones mentioned more in women’s pandemic dreams than men’s were often
psychological (“loneliness,” “fatigue,” and “PTSD”).
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Table 18.3 Medical conditions ranked from most to least prevalent for combined reports versus
waking discussion versus dream reports

Equally prevalent Typical of waking discussions Typical of dream reports

Corona virus Infectious disease Sleep paralysis

Sick Influenza Trouble breathing

Cough HIV Coughing up blood

Virus AIDS Gasping for air

Bronchitis Common cold Spitting out teeth

Fever Heart disease Thickness or pressure in my chest

COVID-19 Bird flu Maggot

Cancer Mental illness Seizure disorder

Allergy Lupus Social anxiety

Cold Immunocompromise Overdose

Stress Measles Overwhelmingly large eyes

Infection Malaria Teeth started falling out

Anxiety Mental health Heart was beating out of my chest

Pneumonia Lyme disease Teeth breaking off and coming out

Plague Nasal pain Alien invasion

18.5 Discussion

The two main takeaways from the close read of the survey dreams are that they show
very similar patterns in how crises manifest in literal content and metaphors while
also making dreams in general much more anxious than in normal times, but also
that they show some distinctive dream metaphors such as bug attacks and invisible
monsters representing this more insidiously menacing crisis with fewer direct visual
images of its own.

In study 2, while hypotheses were supported for women, and more than half the
variables reached at least modest significance in the predicted direction for men, the
other striking result was the gender difference in how much more pandemic dreams
varied from the norms for women compared to the variance for men.

Upon examination of the literature on waking gender differences of effects from
the pandemic, these results are not surprising and represent further confirmation of
the continuity hypothesis. Women average performing three times as much unpaid
care work as men (United Nations Women 2020a). They are more likely to be



caregivers for the sick individuals in the family, making them more vulnerable to
infection. Globally, women make up 70% of healthcare workers. They occupy the
lower salary/lower authority of these jobs on average and are less well supplied with
personal protective equipment (Wenham et al. 2020a, b). In many countries,
COVID-19 infections among female health workers are twice that of their male
counterparts (United Nations Women 2020b). Women are underrepresented in
clinical trials for vaccines and drugs, and they are underrepresented in pandemic
decision-making bodies (United Nations Women 2020b).
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Disease outbreaks increase existing inequalities between the genders (Wenham
et al. 2020a, b). During the lockdown, women are at greater risk of domestic violence
(United Nations Population Fund 2020) and are disproportionately disadvantaged by
reduced access to sexual and reproductive health services. Because women are more
likely than men to have fewer hours of employed work and be on insecure contracts,
they are more affected by job losses, and women lost disproportionately more jobs
since the onset of the pandemic (United Nations Women 2020b). Women are
reported to be suffering a greater increase in depression and anxiety since the
beginning of the pandemic than the increase for men (Özdin and Özdin 2020).

The women’s dreams reflect both this general increase in stress and many of their
specific challenges. Female dreams included a nanny who dreamed of the parents
terminating their work-from-home arrangements to focus on the children and turning
her out in the streets. One mother who was homeschooling her 10-year-old dreamed
that the school contacted her to say that the child’s whole class was being sent to her
condominium where she must homeschool all of them for the duration of the
pandemic. The changes in the body and biological processes for women only
probably reflect how much dreaming about unwanted sexualization and lack of
privacy there is and dreams where the dreamer is pregnant and bizarre things are
going wrong with the pregnancy related to the pandemic.

The finding of study 3 that waking discussions and dream reports contain
proportionally equal mentions of COVID-19 itself and its major symptoms is
consistent with the continuity hypothesis of dreaming (Domhoff 2003, 2017;
Schredl 2017). It indicates that the waking and dreaming minds are equally focused
on the threat of the COVID-19 pandemic—it is the resulting associations and style of
thinking about it that are so divergent. The differences in frequency for other
categories support the idea that the mind is thinking about this concern in two
very different states consistent with what we know about brain activation in
waking vs. sleep states (Dang-Vu et al. 2010). That waking discussions contain
more references to similar diseases by name and realistic symptoms of other
disorders reflects what people use in referencing known facts to try to figure out
more about the threat posed by COVID-19 via a linear, logical process. The phrases
more frequent in the dream reports about bizarre body dysfunctions represent a
metaphoric manner of thinking about COVID-19. This is consistent with the obser-
vation that dreams are generally concerned with the same topics but filtered through
distinctive brain states during sleep (Domhoff 2003, 2017; Schredl 2017). This is a
further indication of the waking rational and verbal vs. the dreams’ visual, emo-
tional, and metaphoric approach to dealing with the same issue.
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The survey is ongoing, and it is anticipated that more cross-nationality analyses
can be done as the sample grows and that comparisons can be made between trends
at the start, middle, and (hopefully!) the end of the pandemic.
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Chapter 19
The Impact of COVID-19 Pandemic
on Sleep Medicine Services

Jennifer Y. So and Shannon S. Sullivan

Abstract COVID-19 pandemic has led to significant disruption in medical service
delivery, leading to adaptation of innovative ways to provide sleep medicine care. In
the acute phase, the focus was on navigation of infection control ventilation guid-
ance, and procedures for clinic spaces and staff areas, as well as assimilating new
scientific data, balancing staff allocation demands, and evolving public health and
institutional policies. Sleep laboratory services were impacted substantially, and
novel changes to protocols and processes were made to meet clinical needs. Alter-
native pathways for care, including telemedicine and remote testing, became over-
night mainstays of practice. Payment models were adjusted as well, enabled by
temporary changes in payor policy. Subsequently, focus had shifted to include
vaccination policy and increasing attention to workforce-related issues, such as
scarcity and burnout, as well as the impact healthcare access and outcomes dispar-
ities. Though more research and integration are needed, sleep medicine as a field has
proven to be flexible, dynamic, and creative in finding ways to meet the evolving
needs of patients despite the challenges presented by the pandemic.
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19.1 Introduction

COVID-19 pandemic has led to significant disruption and re-imagining of medical
services delivery. Since its onset in early 2020, many changes have been made to the
way medical care and sleep medicine services are provided in the United States and
around the globe. Given its easy and rapid mode of transmission and the potential
consequences of hospitalization, respiratory failure, multisystem dysfunction, and
death, healthcare systems around the world were strained with medical resources,
especially in healthcare personnel, personal protective equipment (PPE), and venti-
lators (Zhu et al. 2020; Paules et al. 2020). Healthcare providers had to respond
rapidly to the dynamic and uncertain situation and face many challenges driven by
the shortage of healthcare resources, infection prevention mitigations, changes in
patient behaviors, and evolving and expanding knowledge about the virus. Virus
specific vaccines were introduced in late 2020 to early 2021, which helped to ease
healthcare shortage and rates of COVID-19 infection (Oliver et al. 2020; Pilishvili
et al. 2021; Self et al. 2021). However, communities around the world have faced
intermittent surges of the virus, stemming from the rise of virus variants, relaxation
of social distancing and masking mandates, and waning of vaccine immunity
(Lemey et al. 2021). With this, there have been many adjustments to the initial
COVID-19 pandemic response and many lessons learned (Khosla et al. 2022). In
this chapter, we discuss the various challenges faced and adaptations made by sleep
medicine services during the COVID-19 pandemic.

19.2 Alterations in Healthcare Resources in Sleep Medicine

Specific to the practice of sleep medicine in the U.S., a number of key workstreams
and decisions became paramount from the earliest days of the pandemic. These
included the navigation of infection control procedures for clinic spaces, staff areas,
as well as laboratory spaces and equipment, all the while integrating emerging
scientific data about the virus and balancing staff allocation demands and evolving
public health and institutional policies. The goals for sleep medicine, like for many
practice areas, focused on keeping patients and staff safe while delivering necessary
care. As the pandemic has worn on, this “acute phase” focus has shifted to include
vaccination policy with increasing attention to workforce-related issues, such as
scarcity and burnout, as well as the impact of disparities on healthcare access and
outcomes.

In the initial phase of the pandemic, there was significant acute shortage of
healthcare resources. Medical personnel and equipment had to be consolidated and
re-allocated to care for sudden rise of COVID-19 patients in various parts of the
U.S. and around the world (Emanuel et al. 2020). Many clinics were closed, and
physicians in different fields were brought in to care for the high-acuity and rising
number of COVID-19 patients. To meet the demand, many places halted non-urgent



outpatient clinic services. Patients also stopped going to the doctors due to the fear of
COVID-19 spread, and non-COVID-19 related medical care decreased significantly
(Jeffery et al. 2020; Grote et al. 2020). This abrupt cessation of services was later
mitigated in the pandemic with evolving alternative pathways to care, such as wide
adoption of telemedicine as a mainstay of clinical practice (see Chap. 22) (Bokolo
2021; Hollander and Carr 2020).
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In addition, many practice areas have faced a shortage of not just personal
protective equipment (PPE) for staff, but also respiratory equipment and ventilators
for patients due to the rising number of patients with respiratory failure and requiring
ventilatory support. This has led to repurposing of outpatient non-invasive ventila-
tors (NIV) and positive airway pressure (PAP) devices to those who need ventilation
(Dar et al. 2021). Treatment of urgent respiratory failure was prioritized over chronic
sleep disordered breathing, and some patients paused use of their devices. This was
further impacted by overall supply shortage during the pandemic due to factory
closures, as well as the June, 2021 Philips Respironics voluntary recall in the U.S. of
certain models of continuous positive airway pressure (CPAP), bilevel positive
airway pressure (BiPAP), and mechanical ventilator devices, estimated to impact
over five million devices worldwide (Phillips 2022).

During the early and rapidly evolving days of the pandemic, in light of the
resource limitations outlined above, as well as infection control considerations, a
number of professional organizations provided up-to-date information and guidance
for sleep medicine professionals. Examples of these are the American Academy of
Sleep Medicine (AASM), which established a task force and maintained a website
providing regularly updated infection control and reopening guidance and links to
the latest guidance from the Centers for Disease Control and Prevention (CDC), the
U.S. Food and Drug Administration (FDA), Centers of Medicare and Medicaid
Services (CMS) and the National Institutes of Health (NIH) (AASM 2022). Amer-
ican Thoracic Society (ATS) published guidance on restoring sleep medicine ser-
vices and on pediatric sleep (Wilson et al. 2020; Taylor et al. 2021), and the
European Respiratory Society (ERS) (Schiza et al. 2021) also published a perspec-
tive on an algorithm to assist in reopening of sleep laboratories. These efforts, led by
professional societies with substantial sleep medicine membership, tended to allow
for alignment across practice locations, though substantial variation in practice
existed due to differences in local and regional public health guidance, disease
transmission, and later, vaccination related policies and local staffing concerns.
These various guidance resources also tended to provide a context for discussion
among professionals, something highlighted as potentially important as health care
workers varied significantly in their opinions and beliefs regarding sleep medicine
services as the pandemic persisted (Johnson et al. 2021a).
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19.3 Clinic Services

At the start of the pandemic, all non-emergent medical care was halted, particularly
during the stay-at-home orders in late Spring, 2020. Clinics were closed in order to
accommodate for hospital personnel and minimize viral spread (Grote et al. 2020).
Even after a process of reopening, clinic capacity became more limited in order to
adhere to social distancing measures (Wilson et al. 2020; Taylor et al. 2021; Schiza
et al. 2021). In the face of these rapid developments, temporary changes to reim-
bursement, and rapid adaptation of technology across many practice environments
allowed transition of in-person visits to telemedicine visits.

Importantly, the US Department of Health and Human Services temporarily
waived CMS reimbursement requirements for face-to-face office visits following
initiation of PAP therapy in light of COVID-19 pandemic (Center for Medicare and
Medicaid Services (CMS) 2021; Shamim-Uzzaman et al. 2021). This allowed for
platforms, which could be used at out of center locations for both care providers and
patients including at home, to provide some relief to overburdened in-person clinic
models, many of whom had been challenged by reduced appointment availability
and census due to staff shortages, illness, ventilation requirements, and social
distancing.

While the use of telemedicine in clinical sleep practice predated the onset of the
pandemic, the uptake was overall spotty and relatively uncommon. The pandemic
served to launch a new phase of sleep medicine care for adults and pediatrics alike
(Paruthi 2020; Ramar 2020). In 2021, the AASM released an update on its 2015
position paper on the use of telemedicine in clinical sleep medicine, largely in
response to the advent of the pandemic (Shamim-Uzzaman et al. 2021). It
highlighted the importance of needed research on the efficacy of telemedicine
compared to traditional in-person models of care. Additionally, the update pointed
out that the bulk of discussion regarding the use of telemedicine in the practice of
sleep medicine has centered on the diagnosis and treatment of sleep apnea; much less
is known about how telemedicine can play an effective role in the diagnosis and
treatment of other common sleep disorders such as insomnia, narcolepsy, restless
legs syndrome, parasomnias, and circadian rhythm sleep-wake disorders, though
some pathways have been suggested (Irfan et al. 2020). Only after telemedicine has
been evaluated in these contexts, evidence-based workflows can fully evolve and be
used to diagnose and manage the broader sleep medicine clinical patient populations.

An additional observation regarding sleep telemedicine is that it may allow for
broader outreach to those with difficulty physically presenting to clinics for visits.
Examples of these include caregivers and patients living in rural areas or with
substantial travel requirements to reach clinic, those unable to miss work during
the workday, and those with physical and/or medical reasons limiting access
in-person visits. However, outside the scope of this chapter, this is not a well-
studied area in sleep medicine contexts. It should also be noted that telemedicine
may increase barriers for some individuals (Chang et al. 2021) with socio-economic
disadvantage, language barrier, physical or cognitive impairment, or those who have



difficulty navigating device applications, many of which are not straightforward or
user friendly (Sharma et al. 2022).
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19.4 Sleep Laboratory Services

Sleep lab operations underwent significant change through the different phases of the
pandemic. First and foremost, all non-emergent and non-essential testing were halted
during the COVID-19 pandemic, driven by lack of healthcare resources and attempts
to mitigate COVID-19 spread in hospital setting (Centers for Disease Control and
Prevention 2020; Voulgaris et al. 2020). This especially affected sleep labs, where
patients spend prolonged period of time receiving testing and have close contact with
sleep technicians during study setup. In fact, one study shows that 93.6% of sleep
centers stopped at least one type of sleep study and 90.4% stopped or reduced in-lab
studies by at least 90% (Johnson et al. 2021b). Titration studies were also stopped
due to concern regarding risk of viral aerosolization (Grote et al. 2020). Various
societies in America and Europe (AASM, ERJ, ATS) also recommended postpone-
ment of non-urgent studies, especially in areas with high COVID-19 spread (Wilson
et al. 2020; Schiza et al. 2021; American Academy of Sleep Medicine 2021a, b;
Spicuzza and Sanna 2021).

To minimize the amount of time patients might spend in the lab, technicians
utilized telephone visits prior to patient’s arrival with the patient to go over study
instruction and information. Patients were also screened for COVID-19 symptoms
and exposures prior to presenting to the lab and upon arrival to the lab (Ayas et al.
2020a). One study showed that 77.1% of the sleep labs screened for symptoms and
about 17.8% labs required COVID-19 polymerase chain reaction (PCR) testing prior
to studies (Johnson et al. 2021b).

Arrangements had to be made at the testing site to allow for social distancing in
the waiting room, exam room, and technologist rooms. Admission of caregivers
during the study also had to be limited, which made it difficult especially for those
with disabilities or mobility limitations requiring caregivers (World Health Organi-
zation 2020a, b).

Sleep labs also had to adhere to recommended infection prevention procedures
for PPE. Initially, full airborne precautions, including protective gown, facemask
(N95 or equivalent in filtration), and goggles were recommended. As the prevalence
of the virus decreased and scientific field learned more about the mode of COVID-19
viral transmission, some of these requirements were slowly reduced to just
facemasks in many places.

Many sleep laboratories also instituted additional protective measures to equip-
ment use, including placement of viral filters at exhalation vents, non-vented
facemasks for titrations, and transitioning to disposable parts, such as belts and
masks (Thorpy et al. 2020). All equipment was to be stored with protective covers
and not be reused, if able. Adequate time in between testing and addition of air
filtration system were suggested to allow for adequate ventilation of the rooms (Cilea



et al. 2021). Reusable equipment were recommended to undergo thorough disinfec-
tion and isolation period (>72 h), and more thorough disinfection and documenta-
tion of cleaning procedures were recommended (American Academy of Sleep
Medicine 2021a).
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Many societies recommended use of home sleep apnea testing (HSAT) or
disposable HSAT equipment rather than in-lab studies to minimize disease spread,
in appropriate patients (Ayas et al. 2020a; Zhang and Xiao 2020a, b). Use of HSAT
for diagnosis of OSA, followed by auto titrating CPAP instead of in-lab CPAP
titration, was more widely utilized during the pandemic, as it minimized in-person
contact and potential viral exposure (American Academy of Sleep Medicine 2021b;
Spicuzza and Sanna 2021). In addition, this was a way for sleep laboratory to
continue serving community needs with laboratories and clinics being closed.
Many saw advantages of this and continued to utilize this model even after
reopening of sleep labs. Disposable HSAT devices, where cleaning and viral trans-
mission can be limited, significantly grew in popularity, leading to increased devel-
opment and marketing by manufactures.

Interestingly, the pandemic has prompted a fresh look at the role of
polysomnography in sleep medicine (Patel and Donovan 2020). This was especially
notable in vulnerable populations such as those with immunosuppression, multiple
chronic diseases, and in pediatrics where in-lab polysomnography is the gold
standard for diagnosing OSA. During the lockdown, some centers have
experimented with using HSATs for pediatric studies (Schiza et al. 2021; Jones
et al. 2022) and other centers utilized flexibilities available during the public health
emergency to provide care in the absence of PSG (Gupta et al. 2021).

19.5 Positive Airway Pressure

The shortage in ventilators and repurposing of PAP devices to meet high demand for
ventilators and the risks associated with aerosolization from PAP use also signifi-
cantly affected the way OSA is treated (Simonds et al. 2010). In certain parts of the
world, PAP was distributed based on the severity of the disease, with priority given
to those with more severe disease. Many providers also turned to non-PAP treat-
ment, such as oral mandibular devices or positional therapy, during device shortage.

Persistent concern regarding the potential for viral aerosolization and spread
using PAP also limited the use of PAP devices at home and in hospital settings,
with a variety of mitigations suggested depending upon circumstances and necessity
(Kryger and Thomas 2020; Voulgaris et al. 2020; Ayas et al. 2020b).

Both the providers and patients increased the use of remote cloud systems to
assess PAP adherence and usage (Spicuzza and Sanna 2021). These monitoring
systems provide information regarding compliance, pressure settings, leaks, and
residual apnea hypopnea index, and can help troubleshoot any problems patients
may face, especially in setting of self-driven CPAP setup and mask fitting. These can



also help improve overall compliance and treatment effectiveness (Spicuzza and
Sanna 2021; Chumpangern et al. 2021; Schutte-Rodin 2020).
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19.6 Durable Medical Equipment (DME) Companies

In the United States, DME companies are the main provider of PAP, NIV, and all
related supply distribution. Prior to the pandemic, patients were often setup for their
initial PAP device, mask, and supplies at DME offices or in-house visits. Ideally, this
in-person contact allowed for some training on usage and maintenance of the PAP
device, as well as mask fitting. This practice was replaced by virtual (phone or video
call) setup during the pandemic to minimize in-person contact. Packages containing
multiple mask sizes to self-fit masks and various software that virtually estimate best
mask fit for patients were also developed and distributed by various companies
(Ayas et al. 2020a; Tran et al. 2021; Ma et al. 2021). With increase in device
demand, especially for autoCPAP after OSA diagnosis, and conversion to virtual
care, DME companies also saw increased call volumes, and some experienced
delays in patient care coordination (Pusalavidyasagar et al. 2020). Unlike telemed-
icine services, recent data shows that the CPAP adherence rate was lower in those
who received virtual setup compared to in-center setup (Stanchina et al. 2022). More
research is needed to further optimize utilization of non-in-person equipment distri-
bution and fitting.

19.7 Disparity, Sleep Medicine, and Overall Impact
of the Pandemic

The population health consequences of the Covid-19 pandemic are varied, complex,
and still being understood (Bann et al. 2021). Access to care, health-impacting
behaviors and responses, job security, environment, and other drivers of health
inequalities may all conspire to interact with pandemic impacts to drive sleep health
disparity (Johnson et al. 2018, 2022; Alhasan et al. 2022). While incompletely
understood, it is emerging that some patient populations with sleep disorders have
been disproportionally affected by the changes wrought by the pandemic (Billings
et al. 2020). Despite optimistic observations about the nimble response of the field of
sleep medicine to meet the challenges presented by the pandemic, there is growing
evidence that the overall impact of the pandemic has reduced availability of sleep
medicine services (Grote et al. 2021), as well as treatments (Sunkonkit et al. 2022), a
concerning observation for a field already stretched to fill gaps and meet patient
needs. Sleep medicine workforce challenges also exist, including pandemic-
augmented concerns regarding healthcare worker burnout, which itself has complex



systemic drivers and which has been termed a crisis by the U.S. Surgeon General in
May 2022 (U.S. Department of Health and Human Services 2022).
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19.8 Summary and Future Directions

The Covid-19 pandemic fundamentally challenged Sleep Medicine—upending
usual practice, human, physical, laboratory and testing resources, balance sheets,
logistics, and referring partners and equipment services. The novelty and severity of
the virus initially caused significant disruption healthcare system. Now, with
changes in viral prevalence and virulence, the advent of effective vaccination, use
of masking and appropriate PPE, ventilation and other mitigations, and updated
payer rules allowing for remote care, the field of sleep medicine has continued to
adapt.

That said, much remains to be learned and more work is needed to understand the
outcomes of the sleep field’s adaptations to best prepare for uncertainty in the future.
For example, investigation and research regarding all aspects of novel models of care
introduced in the pandemic are needed. Importantly, outcomes for all those with
sleep disorders—including those who may be vulnerable—require research and
inquiry, to understand the ways in which the recent flurry of pandemic-induces
adaptations may have impacted patient outcomes. Additionally, updated payor
requirements, delivery models, hospital engagement, regulatory policy, and work-
force efforts required to back up such systemic change are all needed.

More research is needed regarding models of care, including group appointments,
remote testing in certain nontraditional populations, the impact of telehealth on
access and outcomes, resource mobilization, and identification of and efforts to
reduce barriers to care. In addition, the roles of industry and consumer technology
are important and need further research in how consumer sleep technologies, data
generated by medical devices, wearables and nearables, may be incorporated into
algorithms for remote patient monitoring.

Sleep medicine as a field has proven to be flexible, dynamic, and creative in
finding ways to meet the evolving needs of patients despite the challenges presented
over the past 2 years. Work is far from over, and perhaps just begun, in understand-
ing the influence of the pandemic on sleep medicine and sleep health at the
populations level.
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Chapter 20
Protocols for Sleep Medicine Services
During COVID-19 and Pandemics

Rouf Pirzada and Ahmed S. BaHammam

Abstract Coronavirus disease-2019 (COVID-19) brought almost all healthcare
systems worldwide to a breakdown or near breakdown, prompting the suspension
of elective services like sleep medicine services and reflecting unpreparedness for
providing the service during pandemics. However, over time, COVID-19 proved to
be a steadfast settler, running a protracted epidemiological course with crests and
troughs. Eventually, the suspension of elective services, like sleep medicine, added
to overall COVID-19 mortality and morbidity due to additive effects. Therefore, the
focus shifted from suspension to resumption, with a concept of “living with COVID-
19” and working despite COVID-19; however, it warrants a guarded approach and
robust preparation. This chapter discusses proposed protocols for continuing sleep
medicine services during pandemics relying on the experience gained during the
COVID-19 pandemic.

Keywords COVID-19 · Sleep study · Polysomnography · Home sleep apnea test

20.1 Introduction

The COVID-19 pandemic brought almost everything around us, including
healthcare systems, to near breakdown due to rapid spread and novel characteristics
(Ferrara and Albano 2020; Geyman 2021). The magnitude of morbidity and mor-
tality puts the healthcare system under immense stress. It demonstrated crests and
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troughs resulting in healthcare collapse or near collapse during crests in many
countries. Healthcare systems struggled, but nevertheless responded appropriately
by suspending nearly all elective services during earlier phases of the pandemic,
concentrating mainly on acute services, and infusing practical contingency plans at
all levels (Geyman 2021; Moynihan et al. 2021; Pagel 2022; Alfadda et al. 2021).
The novel nature of the virus, in terms of pathogenesis, rapid transmission, and high
mortality and morbidity compounded by the global patient volume, created distur-
bances in the services provided worldwide (Moynihan et al. 2021; Johnson et al.
2021). At epidemiological peaks, it was a virtual overhaul of healthcare services in
the form of staff rationing, staff relocations, staff sickness breaks, and winding up of
outpatient services (later taken over by virtual and telephonic clinics) (Garfan et al.
2021; Vas et al. 2022; Webster 2020). However, all exigent plans provided tempo-
rary and partial respite.
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During the course of the current pandemic, COVID-19 demonstrated a protracted
course with epidemiological rises and falls, primarily due to mutations, thus stipu-
lating dynamic planning to correspond to epidemiological demands (Pagel 2022).
During this time, the elective backlog increased exponentially, and the association of
the backlog with COVID-19 proved to be additive to overall COVID-19 morbidity
and mortality (Johnson et al. 2021; Bagenal 2022; Strausz et al. 2021; Center disease
prevention and control (CDC) 2019; Sahni and Cao 2021; Pena Orbea et al. 2021;
Clark et al. 2020). Thus, there was organization and reorganization to re-establish
full or partial elective care despite COVID-19. Throughout the course, a need to
devise a strategy and plan to offer optimal or near-optimal elective healthcare
services like sleep medicine services despite COVID-19 came forth. These strategies
evolved with a gradual understanding of COVID-19 pathogenesis, identifying high-
risk cohorts (Center disease prevention and control (CDC) 2019). In addition, rolling
out multiple vaccines markedly changed the scenario by mitigating morbidity and
mortality, particularly in the high-risk population (Holstiege et al. 2021).

Formulating a plan to offer elective services like sleep medicine services despite
pandemics involves a multipronged approach at the hospital and community levels
as well as taking epidemiological input from local and international health author-
ities (Pirzada et al. 2020a). Hospitals need to prepare logistics and staffing; health
authorities must closely watch the epidemiological dynamics of the pandemic
(Pirzada et al. 2020a; Schiza et al. 2021). It is imperative to mention that guidelines
and advisories cannot be generalized as different countries, different sleep societies,
and infection control bodies develop, recommend, and implement different,
although fundamentally the same, recommendations according to the local needs.

Elective services in sleep medicine are outpatient and inpatient services for
evaluation, diagnostics, therapeutics, and follow-up. Planning to initiate these ser-
vices needs stepwise planning. This chapter discusses the proposed protocols for
sleep medicine services during pandemics taking the current COVID-19 pandemic
as a model to build on for possible future pandemics. The first step can be defined as
center preparedness followed by an epidemiological allowance assessment; these
two work together in tandem, taking the lead from the epidemiological situation and
assessing center preparedness to commence or suspend sleep medicine services



(Pirzada et al. 2020a; Schiza et al. 2021). Nevertheless, uncompromising diligence in
following the policies and protocols is the goal for sleep center mitigation. Fig-
ure 20.1 shows a proposed algorithm for sleep center mitigation strategies during
pandemics.
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20.2 Center Preparedness

The center preparedness encompasses both staffing and logistics with contingency
planning. Center preparedness must be optimal and target defined. The basics of
center preparedness are to follow infection control guidelines accordingly, train the
staff, and procure the logistics (Pirzada et al. 2020a; Bielicki et al. 2020; American
Academy of Sleep Medicine 2022a).

Sleep disorders’ center preparedness encompasses logistics (healthcare resources)
and staff education and training to provide optimal services without compromising
infection control guidelines whenever planning sleep diagnostics and therapeutics
(Pirzada et al. 2020a; American Academy of Sleep Medicine 2022a).

20.2.1 Staff Training, Logistics, and Infection Control

Collaboration/coordination is the key; thus, each center should designate a staff
member, usually from the nonclinical workforce, to coordinate center preparedness.
The designated person will be responsible for regularly monitoring the pandemic
updates from the state, local health departments, and hospital managerial body to
update and coordinate demands; nonetheless, report and respond to all the deficien-
cies observed. A designated staff member would thus act as a key as well as a link in
a designated hub (Pirzada et al. 2020a; American Academy of Sleep Medicine
2022a). In addition, the designated person will keep a record of preparedness.

20.2.1.1 Staff Training, Mitigation, and Welfare

The staff in the center should have training regarding infection control measures and
protocols, with regular updates about them. Staff well-being must be ensured; it can
be achieved by monitoring staff workloads that might reflect the impact of increased
duties due to the pandemic and reduced staffing levels due to illness, quarantine, or
redeployment to other frontline services. Additional shift burden on the staff must be
minimized by curtailing the services (Ferrara and Albano 2020; Bielicki et al. 2020;
Gross et al. 2021; Sanghera et al. 2020; Centre for disease control and prevention
2022; Centre for disease prevention and control 2022). For example, identifying
vulnerable staff to get COVID-19 and severe COVID-19, as a part of the mitigation
strategy to run the services smoothly, helps in staff allocations and diversion.
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Hospital policies meant for routine hospital functioning need to be revisited to
encourage staff to report sickness without being punitive (Gross et al. 2021; Nguyen
et al. 2020). Vaccination of the staff needs to be encouraged, incentivized, and
implemented to attain goals. Vaccination information, benefits, and center locations
should be advertised through all forms of media in hospitals and outside. Vaccina-
tion of staff taking high-risk procedures like aerosol-generating procedures should
be prioritized. Additionally, all the staff must be provided with adequate workplace
support, including psychological well-being (Pirzada et al. 2020a; Bielicki et al.
2020; American Academy of Sleep Medicine 2022a; Gross et al. 2021; Sanghera
et al. 2020; Australian Sleep Association 2020; WHO 2022).
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All the staff should be trained to follow infection control protocols, like donning
and doffing of personal protective equipment (PPE). In addition to practicing
judicious use, it should be ensured that the staff is educated about the indications
of use, i.e., when and where PPE use is indicated, like handling aerosol-generating
procedures or cleaning used sleep study equipment (Schiza et al. 2021; WHO 2022).
Furthermore, it is essential to actively monitor and secure PPE supplies (Pirzada
et al. 2020a; American Academy of Sleep Medicine 2022a; Australian Sleep Asso-
ciation 2020). Finally, it is important to understand that at epidemiological peaks,
logistic diversion occurs, which might impair the supply chain for the sleep disorder
center, with an exigent diversion from infection control norms that is discouraged
(Toomey et al. 2021).

Staff should be well educated and trained about screening procedures and pro-
tocols to ensure optimal physical screening as well as screening of documentary/
electronic proofs of well-being and vaccination status. In addition, telephonic/remote
screening, which is usually done 24–48 h before an appointment, can be challenging
at times; thus, staff needs to be trained to get information optimally without being
coercive or intimidating (Pirzada et al. 2020a; American Academy of Sleep Medi-
cine 2022a,b; Center for disease prevention and control 2022; Gupta et al. 2020).

Entry point screening for staff is also recommended. Staff should be encouraged
to reveal health issues, particularly respiratory symptoms. Staff should be encour-
aged to communicate about symptoms through the telephone to avoid contact;
besides, advisories need to be practical without being punitive (Gross et al. 2021;
Center for disease prevention and control 2022).

20.2.1.2 Logistics: Supply, Monitoring, and Optimal Use

The staff in a sleep disorder center should be provided with all the necessary PPE,
including a surgical gown, apron, gloves, and face mask, to manage all patients as
potentially infected (American Academy of Sleep Medicine 2022a; Center for
disease prevention and control 2022). It is more critical while taking a potential
aerosol-generating procedure, where a face mask FFP2 (filtering facepiece) or higher
or N95 mask and face shield or goggles are recommended; a face mask needs to be
prescribed according to the “fit test” (Pirzada et al. 2020a; American Academy of
Sleep Medicine 2022a; Smith et al. 2016). Wearing and removing PPE need to be



performed following specific procedures with the help of an assistant to avoid
contamination (Australian Sleep Association 2020; Cilea et al. 2021; Bartoszko
et al. 2020). All healthcare staff must be adequately trained on PPE and educated
to follow hospital disease control and prevention protocols, including ambient and
medical device sanitization (Ong et al. 2020; Ferioli et al. 2020; Grote et al. 2020;
Verbeek et al. 2020).
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20.2.1.3 Infection Control: From Equipment Handling to Screening

Staff assigned to use and clean medical equipment, whether reusable or nonreusable,
should be trained in handling and cleaning (Pirzada et al. 2020a). In addition, they
should be trained to identify any breach in packaging or cleaning protocols. Gener-
ally, local, national, or international infection control protocols and procedures are
followed for cleaning and inspecting all patient-related equipment; however, for
cleaning reusable equipment, the manufacturer guidelines should be followed to
maintain the integrity of the equipment (Pirzada et al. 2020a; American Academy of
Sleep Medicine 2022a; Center for disease prevention and control 2022). A common
method of cleaning reusable equipment is to use mild household detergent; for
disinfection, 70–90% isopropyl alcohol, 8.25–10% chlorine bleach, or 2% glutaral-
dehyde besides less popular options like heat sterilization and hydrogen peroxide gas
plasma can be used (Center for disease prevention and control 2022; Philips 2022;
ResMed 2022a). As a principle to break the chain, all reusable equipment or its
components should be removed from the services for 72 h before the next use, even
after the disinfection procedure.

The conclusion has been drawn from the hypothesis that, via the nasal cannula,
the virus may reach the nasal pressure transducer, which cannot be sterilized. To
avoid the risk, the American Academy of Sleep Medicine (AASM) recommends no
use of the polygraph for 72 h between tests on different patients (American Academy
of Sleep Medicine 2022a; Technologies 2011; Nonin 2022). This can pose a
considerable limitation, especially considering the high demand after the initial
suspension of sleep studies. Low-cost ultraviolet C-machines have been proposed
to sterilize non-disposable equipment as an alternative to standard hospital
sanitization procedures (Australian Sleep Association 2020). Nevertheless, single-
use, disposable equipment is commercially available for sleep recordings, but the
cost-effectiveness is a limitation. Other strategies to improve safety are based on
substituting nasal cannula/thermistor with the use of respiratory inductive plethys-
mography (RIP), but this limits the diagnostic information (Australian Sleep Asso-
ciation 2020; Cilea et al. 2021).

Once indicated and planned, taking up a titration study is the most challenging
step because of droplet/aerosol dispersion generated during positive airway pressure
(PAP) therapy (Pirzada et al. 2020b; Schweller 2021). In-hospital titration should
only be taken in negative-pressure rooms with full PPE. Thus, using automatic
continuous positive airway pressure (CPAP) devices with remote monitoring is
preferred in OSA patients. It is preferred that the same PAP device used for



automatic titration should be prescribed to the patient to avoid the use of a single
ventilator for titration in different patients. In many sleep units, a fixed-pressure
device is provided for titration, and pressure adjustment is performed remotely by
telemonitoring (Australian Sleep Association 2020; Schweller 2021). When vented
masks are used, droplet generation and dispersion might represent a real, preventable
risk. To circumvent the risk, it is proposed to use a circuit with non-vented masks,
with two antibacterial/antiviral filters and a safety valve, especially in cases of
relevant epidemiological risk (Australian Sleep Association 2020; Gupta et al.
2020; Pirzada et al. 2020b; Schweller 2021; Wilson et al. 2020).
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Other common strategies to avoid the risk of aerosolization are to show the
patient how to put on the mask first without turning on the machine, and not use a
humidifier for in-laboratory titration, besides constant use of full or extended
personal protective equipment (PPE), including N95 masks, by health professionals.
Home care personnel should follow the same principles (Australian Sleep Associa-
tion 2020; Cilea et al. 2021; Pirzada et al. 2020b).

Although empirical noninvasive ventilation (NIV) initiation is advised, remote
titration is preferred for NIV titration. Nevertheless, for therapeutically exigent
situations, the same precautions as with in-hospital CPAP titration would apply. In
addition to that, transcutaneous capnography should be obtained using disposable
probes or transcutaneous measurement via ear clip to minimize exposure (American
Academy of Sleep Medicine 2022a,b; Australian Sleep Association 2020; Cilea
et al. 2021).

20.2.1.4 Sleep Center Screening and Hygiene Protocols

To ensure clean and hygienic patient areas and workstations, we need to follow local
infection control guidelines; nevertheless, general principles for cleaning contact
surfaces like bedposts and tables after cleaning for any visible contamination with
soap water/soap-soaked cloth, disinfection with ethanol 70–90%, chorine-based
products (0.1–0.5%), or 0.5% hydrogen peroxide are recommended (WHO 2022;
Center for disease prevention and control 2022).

Patient screening protocols need to be implemented in letter and spirit.
Pre-appointment screening, usually telephonic, is done 24–48 h before admission
or arrival to ascertain fitness to attend; this is the backbone of the screening
procedure. In many centers, patients are asked to get COVID-19 PCR 24 h before
admission, particularly for aerosol-generating procedures. In an almost similar
fashion, many centers ask for COVID-19 vaccination status prior to admission.
Patients are given online information about guidelines and procedures, like physical
and time gaps. All this pre-admission exercise is no shortcut for admission-time
screening. Admission or point-of-care screening is to be arranged at entry points.
Patient appointments should be arranged to allow adequate time and space gaps.
Attendants or caregivers are discouraged, and if translation services are needed,
remote services are preferred (Pirzada et al. 2020a; American Academy of Sleep
Medicine 2022a; Australian Sleep Association 2020; CDC 2022; Serra 2021).
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Hospital engineering departments have an important role to play in maintaining
workplace hygiene. It is achieved by active monitoring of HVACs (heating, venti-
lation, and air-conditioning) and other ventilation systems. The aim is to maintain air
exchange rates, ambient temperature, and humidity. It is done by maintaining airflow
and filtration systems. Nonetheless, engineering staff assigned to this job also should
be trained in PPE use and indication since ventilation systems are also the source of
potential transmission (Sodiq et al. 2021).

20.3 Epidemiological Inputs and Sleep Medicine Inpatient
Services

After ensuring center preparedness, the second step is to take epidemiological leads
to plan sleep medicine services. The first principle remains to postpone and resched-
ule all sleep studies for the patients who are COVID-19 positive, or COVID-19
suspects. Moreover, it is imperative that no penalties are imposed on patients for
cancellations and missed appointments related to respiratory illness, and
rescheduling should be readily available to encourage patients to declare symptoms
(Pirzada et al. 2020a; American Academy of Sleep Medicine 2022a; Australian
Sleep Association 2020; Gupta et al. 2020; Wilson et al. 2020). Figure 20.2 shows a
proposed epidemiology-based algorithm for a stepwise approach to sleep studies
during pandemics.

The epidemiological status of any city/province/country is always a dynamic
situation and thus warrants day-to-day assessment and subsequent planning and
decision-making. In the scenario of a high epidemic situation, there is large-scale
community transmission, healthcare staffing is significantly impacted, and multiple
cases within the community are reported daily. For the high-epidemic areas, sleep
studies are to be suspended, except in case of emergency, after weighing the risk-
benefit ratio by the treating physician; it is always a difficult decision. Emergency
sleep studies are mostly performed for complex cases where the therapeutic require-
ment is overwhelming (Pirzada et al. 2020a; Schiza et al. 2021; American Academy
of Sleep Medicine 2022a; Australian Sleep Association 2020). Whenever com-
menced, diagnostic and therapeutic studies for any critically ill patient with sleep-
disordered breathing should be commenced after a careful COVID-19 screening and
thorough consideration of the potential benefits and risks. Patients need to be tested
for COVID-19 in a reasonable time frame to ensure result validity (CDC 2022).

Nevertheless, home sleep apnea testing and initiating remote titration or empirical
noninvasive ventilation are preferred whenever possible (Schiza et al. 2021; Amer-
ican Academy of Sleep Medicine 2022a; Australian Sleep Association 2020). It is
necessary to mention that due to the high risk of aerosolization, titration studies and
split-night studies should be postponed except in highly emergent conditions. In the
latter setting, PAP administration should be taken in a negative-pressure room (when
feasible) and ensure that the technologist uses the appropriate PPE. Due to the high
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risk of aerosolization, PAP devices should not be operated in the clinical rooms even
for demonstration (Pirzada et al. 2020a; Australian Sleep Association 2020; Cilea
et al. 2021).
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20.3.1 Home Sleep Apnea Testing

Home sleep apnea testing (HSAT) can provide diagnostic leeway in these epidemi-
ological settings, but its role is limited since the diagnostic information is limited.
Nevertheless, it is practical and helpful during the epidemiological exigencies of the
pandemic. Models which can be delivered home and are fully disposable or have
disposable components are preferred. Wherever indicated, home sleep tests should
be preferred. Recommendations focus on the equipment to be sent to the patient’s
home, either through courier or by post in a sealed pack (to avoid medicolegal
implications), and instructions regarding montage are to be given through video
conferencing or online videos, if taken by the patient, and detailed instructions can
still be given remotely. In a similar fashion, the demounting procedure is explained,
besides repackaging and drop-off methods. Although disposable equipment is pre-
ferred, it is not cost effective. External sanitization of the devices is always manda-
tory (Pirzada et al. 2020a; Schiza et al. 2021; Australian Sleep Association 2020;
Cilea et al. 2021; Ayas et al. 2021).

For the areas with only sporadic cases or small clusters, which correspond to
minimal to moderate community transmission, sleep studies can be continued but are
only offered to those patients who fall in the low-risk category. However, the general
agreement between different societies, in view of the epidemiological possibility of
multiple cases of COVID-19 in the community, is to postpone and reschedule
in-laboratory administration of PAP therapy except in emergencies; however, the
same can be duly considered if the center can spare a negative-pressure room for the
procedure, in case of emergency (Pirzada et al. 2020a; Schiza et al. 2021; Australian
Sleep Association 2020). It is preferred to initiate PAP therapy remotely and
noninvasive ventilation empirically (Schiza et al. 2021; Australian Sleep Association
2020). Generally, we need to postpone all PSG (diagnostic and therapeutic) in all
patients at a higher risk of getting severe COVID-19 illness, such as older adults,
pregnant women, and patients with underlying cardiac, renal, or metabolic disorders
or patients who are immunocompromised. It is epidemiologically warranted that
sleep studies are to be suspended for subjects who have travel or residential history
in the high-epidemic area, contact history with COVID-19-infected patients, and
contact history with febrile patients during the last 2 weeks. The same applies to the
subjects with respiratory tract symptoms from the cluster outbreak area and recov-
ered patient who does not have negative PCR test (Pirzada et al. 2020a).

In the areas where disease endemicity is low or community transmission is absent
or minimal, resumption of routine in-laboratory diagnostic as well as therapeutic
studies for both adults and children can be done, in addition to PAP use in the clinic
setting. In addition, in-person appointments can be restarted as needed, including



clinic visits and PAP setup demonstrations. Additionally, HSAT can be resumed
following the usual protocols and instructions (restriction is no longer warranted as
previously described) (Pirzada et al. 2020a; Schiza et al. 2021; Australian Sleep
Association 2020).
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Nevertheless, continuous monitoring of state and local public health communi-
cation for warnings of any increase in community transmission is mandatory.
Moreover, practical emphasis on patient screening and reviewing local epidemio-
logical dynamics is highly recommended; any patient with confirmed or suspected
COVID-19 infection must be postponed. Under emergency conditions, remote
control multimodal ventilator, wherever available, is suggested to ensure healthcare
worker safety. For patients who have recovered from COVID-19 infection, there
should be strong evidence of negative results of nucleic acid testing before under-
going sleep studies, diagnostic as well as therapeutic; otherwise, it is best to be
postponed (Pirzada et al. 2020a).

.

20.3.2 Outpatient Consultation and Follow-Up Services

Like sleep diagnostics for outpatient services, follow the epidemiological leads
about disease burden in the community. However, outpatient services are much
easier and more practical to be managed remotely compared to sleep diagnostics and
mechanical therapeutics; it is recommended to utilize the service more liberally
(Moynihan et al. 2021; Johnson et al. 2021; Garfan et al. 2021; Webster 2020;
American Academy of Sleep Medicine 2022a; Gupta et al. 2020; Wilson et al. 2020;
Valentino et al. 2020; Voulgaris et al. 2021). Nonetheless, patients who need to
attend the clinic physically should follow the same protocol and preparation as
applies to inpatient services regarding infection control. It is imperative to mention
here that outpatient in-person services need to be suspended in areas with moderate
to high disease burdens (Pirzada et al. 2020a). In emergent situations during these
epidemiological burdens, if a patient needs to visit the clinic, PAP devices should be
kept at home; if brought to the facility, it is never to be operated in the facility
(Pirzada et al. 2020a; Schiza et al. 2021).

Almost all patients with sleep disorders can be evaluated, monitored, and
followed up remotely through different modalities, nevertheless with some limita-
tions. Remote consultations can be in real-time one-is-to-one consultations, also
known as synchronous interaction through zoom calls or other video calling
methods. On the other hand, it can be asynchronous, like messaging and data
transmission through messaging services in the form of patient details, assessment
charts, questionnaires, PSG, or actigraphy results (Irfan et al. 2020). Both can be
used efficiently in sleep medicine clinics for screening, assessments, interpretations,
diagnostics, and therapeutics (Gupta et al. 2020; Irfan et al. 2020). Patients with
sleep disorders often warrant a collateral history, such as sleep-disordered breathing



or parasomnias. Hence, it is best to have a bed partner present during the evaluation
interviews in such clinical scenarios, even when done remotely.

332 R. Pirzada and A. S. BaHammam

Physical assessment is not possible during remote consultation, although there are
remote examination programs that can be utilized with some limitations (Benziger
et al. 2021; Russell and Artandi 2022). Nevertheless, primary care physicians can
provide relevant information for physical examination in some countries; however,
this poses a challenge during any diagnostic ambiguity (Australian Sleep Associa-
tion 2020; Benziger et al. 2021; Russell and Artandi 2022).

The scope of telemedicine or remote monitoring and therapeutic services in sleep
medicine is broad. Since sleep medicine therapeutics is mainly based on device
prescriptions and data collection and interpretation, it can be managed remotely
without calling patients to the clinic. Devices can be prescribed, and mask fit can be
assessed remotely through one-is-to-one consultations. Follow-up data can be
downloaded from the cloud services, and device settings can be changed remotely
through e-services; however, it is not available in all countries due to patients’ data
confidentiality issues and the need for working internet services with fair data
transmission speed. In addition to that, it is not possible on older devices. Although
it seems practical and easy, it has limitations, particularly in patients who are naïve to
the device, prone to complications, and pose compliance issues (ResMed 2022b;
Keenan and Schwab 2021).

Pharmaceutical prescriptions can follow remote consultations. Medications can
be dispensed and delivered to the doorstep. However, it has practical limitations
since many medications used in sleep medicine fall under the restricted category, so
that delivery can be a huge medicolegal challenge (Pirzada et al. 2020a). Besides
prescriptions and medication, another category of interest is providing online cog-
nitive behavioral therapy (CBT), which has proved to be promising in sleep disor-
ders, particularly insomnia, and thus can be used efficiently during the COVID-19
pandemic and other pandemics; in fact, it has proven not to be inferior to in-person
CBT (Hasan et al. 2022). Another advantage is that the patient can use it when he or
she has time to devote. There are now exclusive electronic/mobile applications
available that have eased out the therapy (Hsieh et al. 2020; Kallestad et al. 2021;
Okujava et al. 2019).

For other medicolegal issues, keeping all the data collected through remote
consultations safe and secure with clear documentation about time, mode, and
other related issues is recommended. Moreover, it is essential to maintain call log
data, preferably with electronic evidence. Figure 20.3 demonstrates a proposed
algorithmic summary of guidelines for sleep centers during pandemics.

20.4 Conclusion

The resumption of sleep medicine services despite COVID-19 is needed to optimize
healthcare outcomes for sleep disorders as well as COVID-19. However, it needs
preparation and watchful monitoring. Although a challenging task, it is achievable
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through coordination and optimal use of resources. Nevertheless, it often gets
hurdles and impedances due to local outbreaks. The efficient management of sleep
medicine services worldwide with the huge effort of healthcare workers, despite
running through health risks, is more than just commendable.
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Chapter 21
Management of Hospital and Home Positive
Airway Pressure Machines During
Pandemics

Rouf Pirzada and Ahmed S. BaHammam

Abstract Noninvasive ventilation (NIV) has found its intensive use in respiratory
medicine, at home, and in hospitals. Besides, NIV was pivotal in managing respira-
tory failure during the coronavirus disease 2019 (COVID-19) pandemic. However,
due to aerosolization, the initial reaction at the advent of COVID-19 was adverse to
NIV use in COVID-positive patients, and there were advisories to suspend all NIV at
home wherever possible due to aerosolization. Aerosolization poses an immediate
threat to all who work around it, like healthcare workers and in domiciliary-use
households and caregivers. Nonetheless, COVID-19 mortality and morbidity are
augmented by comorbid respiratory diseases, including sleep-disordered breathing.
Thus, we need to continue NIV use during COVID-19 but with precautions. We
need to plan the therapy and forge guidelines and recommendations to keep NIV safe
during infections. Here, we have reviewed the available literature and applied our
experience to formulate guidelines and recommendations. However, updates and
appraisals are evolving rapidly, and we need to keep our eyes open to tailor our
approach.

Keywords Noninvasive mechanical ventilation · Mask interface · Aerosol therapy ·
Respiratory failure · COVID-19
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21.1 Introduction

Noninvasive ventilators (NIV) and their close cohorts, positive airway pressure
(PAP) devices, opened novel options for treating respiratory failures and sleep-
disordered breathing, respectively. In clinical practice, for arbitrary convenience, it
is generally accepted to use NIV for both prototype NIV and PAP devices; therefore,
in this chapter, we use the term/name NIV for both prototype NIV and PAP devices
(Rochwerg et al. 2017). The use of NIV in clinical practice ushered operational ease
in hospitals and a new era in domiciliary treatment (Ambrosino and Guarracino
2011). Nevertheless, NIV use is also fraught with complications for patients, care-
givers, and households. One of the major issues with NIV use is the aerosol
generation, which is a health hazard for hospital staff, caregivers, and households
due to the potential source of infection transmission (Pirzada et al. 2020). Practically,
NIV management during COVID-19 means aerosol management during NIV use to
prevent infection transmission since the rest of management remains the same.

The initial response to NIV use during COVID-19 was overwhelmingly cautious,
advising to suspend NIV use during infection or suspicion of infection (Barker et al.
2020). However, with time, NIV proved to be a boon during COVID-19: bypassing
and delaying intubations, avoiding reintubation, cutting down on ICU admissions,
and mitigating logistic burnouts (Arulkumaran et al. 2020; Menzella et al. 2021).
Thus, advisories evolved into more practical handouts. Over time, different bodies
and organizations developed guidelines and advisories to render NIV use safe during
the COVID-19 pandemic. This chapter discusses potential risks and their manage-
ment with NIV use during COVID-19. Thus, it covers the aerosol generation,
hazards of aerosol generation, risks of infectious disease transmission, and pre-
cautions needed to minimize infection (COVID-19) transmission during NIV use
at home and in healthcare facilities.

Aerosol, or suspension of fine solid/liquid particles/droplets, has been a well-
recognized source for many pathogens, bacteria, viruses, and even fungi for decades.
However, recent epidemics and pandemics, SARS, MERS-CoV, and COVID-19,
brought it under enhanced limelight; thus, multiple bodies showed concern about
aerosol management (Esquinas et al. 2014). Aerosol generation and transmission
have been studied mainly using air-sampling techniques and culture and molecular
detection methods, mainly on viruses and fungi. A landmark review by Beggs
emphasized the underestimation of airborne transmission, with subsequent better
understanding over the years of aerosol generation, dispersion, and transmission
opening better preventive strategies (Beggs 2003). Since aerosol generation, disper-
sion, and transmission determine the pathogenicity of the phenomenon, it is essential
to handle aerosol-generating procedures carefully and abide by the guidelines
diligently (Hemmes et al. 1960; Yu et al. 2004, 2005; Pshenichnaya and Nenadskaya
2015; Jackson et al. 2020; Pirzada et al. 2020).

The recent experience with SARS, followed byMERS-CoV and then COVID-19,
highlighted aerosol transmission as an important mode of infection. Aerosol proved
hazardous not only for healthcare workers but also to the home care workers and



households where NIV devices are used. However, it was COVID-19, due to its
pandemic epidemiology, enormous mortality, and morbidity, which pushed for more
stringent but practical aerosol management (Davies et al. 2009; Arulkumaran et al.
2020; Pirzada et al. 2020). As a result, multiple societies and organizations came
forward to build a safety protocol, from device modifications to environmental
management, for NIV use.
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21.2 Aerosols

Aerosols are tiny particles suspended in the air that can contain a variety of
pathogens, including viruses, bacteria, and even fungi. Aerosols are generally
poly-dispersed, with variable sizes and, hence, have debatable classifications and
definitions. “Airborne Aerosol Hygiene Research” described aerosol as droplets of
respiratory secretions, generated into the air due to any physiological, diagnostic, or
therapeutic exercise, which then evaporate to become “droplet nuclei,”which remain
suspended in air currents, and may drift away to considerable distances (>1 m).
Arbitrarily, aerosols are categorized as small droplets (usually called aerosols exclu-
sively), which have the potential to desiccate and form droplet nuclei that travel long
distances. In contrast, large droplets do not evaporate before settling on surfaces.
This aerosol classification has clinical relevance in relation to its dispersal properties
and patterns, and hence infection transmission. Another clinically relevant classifi-
cation considers the deposit sites in the upper or lower respiratory tract because it has
a bearing on pathogenesis. Most often, 5 μm in diameter is taken as a cutoff for small
droplets, while another possible cutoff between aerosol types is 20 μm since aerosols
less than or equal to 20 μm in diameter can desiccate to form droplet nuclei. Particles
and droplets with aerodynamic diameters <5 μm can readily travel and penetrate
deep into the alveolar region of the lungs of a bystander (Tran et al. 2012; Buonanno
et al. 2020). In contrast, relatively large droplets are thought to arise from the upper
respiratory tract, usually settling quickly and relatively close to their source,
diminishing the infectivity. However, these large droplets also tend to aerosolize
by human handling.

Aerodynamic studies of respiratory droplets have shown that the 100 μm droplets
take about 10 s, whereas the 10 μm droplets take 17 min to fall to the floor. The 5 μm
droplets originating from an average height (160 cm) of speaking or coughing take
9 min to reach the ground (Knight 1980; Thomas 2013; Somsen et al. 2020). Droplet
size, thus, determines aerodynamic properties and penetration ability. Although
arbitrary, from this droplet size aerodynamic behavior, we have deduced 1-m safe
spatial separation for social distancing during the COVID-19 pandemic (Hui et al.
2019; Judson and Munster 2019). However, aerosol generation and dispersion are
also affected by the position of the patient, whether supine, reclined, or erect, and air
direction drifts like air-conditioning (AC), fan, or open currents, which have a
bearing on transmission, which we will examine further in this chapter (Guo et al.
2021).
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Respiratory therapeutics, like NIV, are known to stimulate coughing and promote
the generation of aerosols; however, their risk of transmission of infection is difficult
to estimate; hence, it cannot be numerically quantified with accuracy. Thus, these
procedures must be handled meticulously to minimize the spread among healthcare
workers and, at times, in the household (Ferioli et al. 2020). General principles to
follow are good hygiene practices in maintaining devices, minimizing exposure
time, maximizing the distance, allowing adequate air exchanges, and using
negative-pressure facilities (in hospitals) (Ahn et al. 2020; Robles-Romero et al.
2022).

Inferences about the dispersion of aerosols during aerosol-generating procedures
come from scientific studies conducted in a negative-pressure room on a high-
fidelity human patient simulator (HPS) representing a 70 kg adult male sitting on a
45° inclined hospital bed. These estimates are not always practical since the settings
are ideal and do not include standard hospital rooms or normal homerooms, and
exhaled air dispersion distance from the simulator has been evaluated using a laser
smoke visualization method and calculated on the median sagittal plane (Ferioli et al.
2020; van Doremalen et al. 2020).

Deductions and hence application of these scientific studies in NIV can be
summarized as follows:

• CPAP via oronasal mask at pressures 5, 10, 15, or 20 cm H2O, exhaled air
dispersed evenly in all directions through the mask vent holes at a very low
normalized smoke concentration irrespective of the severity of lung injury,
amounting to negligible.

• CPAP via nasal cannula (nasal pillows) is related to increased air dispersion
with increasing CPAP and reduced air dispersion with worsening lung injury.
Using two types of nasal pillows, Nuance Pro Gel and Swift FX, at a maximum
CPAP of 20 cm H2O and with a normal lung, maximum air dispersion distances
were 26.4 cm and 33.2 cm, respectively.

• NIV via a full-face mask in the bilevel setting (inspiratory positive airway
pressure (IPAP) 10 cm H2O and expiratory positive airway pressure (EPAP)
5 cm H2O) using a single-limb circuit; the exhaled air jet spread through the
mask’s holes up to 69.3 cm, 61.8 cm, and 58 cm in the normal lung, mild lung
injury, and severe lung injury setting, respectively. When IPAP was increased,
exhaled air dispersion distance increased; for example, with IPAP, 18 cm H2O
exhaled air jet reaches 91.6 cm, the average being 90 cm.

• NIV via helmets with IPAP 12 cm H2O and EPAP 10 cm H2O; the exhaled air
dispersion distance is 17 cm in normal lung and 15 cm in mild or severe lung
injury. With IPAP 20 cm H2O, the air dispersion distances in three different
settings (normal lung, mild lung injury, and severe lung injury) were found to be
27 cm, 23 cm, and 18 cm, respectively. In a double-limb circuit, the air cushion
around the neck–helmet interface has negligible air dispersion during NIV appli-
cation. Dispersion (maximum) distances during various NIV protocols are sum-
marized in Table 21.1 (Hui et al. 2019; Ferioli et al. 2020; Hamilton et al. 2022).
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Table 21.1 Dispersion (maximum) distances during various NIV protocols

NIV type and pressures Mask type Maximum dispersion in cm

CPAP

CPAP at 5, 10, 15, 20 cm H2O Oronasal Negligible

CPAP 20 cm H2O Nasal pillow 33

BPAP

BPAP I/E = 18/5 cm H2O Full face 92

BPAP I/E = 20/10 cm H2O A helmet without a tight cushion 27

BPAP I/E = 20/10 cm H2O Helmet with tight cushion Negligible

Thus, estimations are variable depending on multiple factors like mask type,
mask brand, pressures, pressure types (bilevel or continuous), and circuitry. Infer-
ences from all these estimations can guide choosing device type, circuitry, pressures,
and interface besides training physicians and other therapists about anticipation and
precautions. Under logistic burnout or when resources and infrastructure are pushed
beyond limits during a pandemic, following the principles becomes a real challenge
in hospitals and homes.

For practical considerations, we divide our discussion about NIV management
and hence aerosol management into two sections, at home, and in hospitals, since
more and more NIV use is taking place in the domiciliary setting for multiple
respiratory disorders.

21.2.1 At Home

The home NIV systems, either CPAP or BPAP, pose a threat to household care-
givers. The WHO currently lists NIV, BPAP, as well as CPAP as high-risk aerosol-
generating procedures. NIV use at home is common particularly due to high
prevalence of sleep-disordered breathing, chronic obstructive airway diseases, and
hypoventilation syndromes. NIV accounts for high-dose viral transmission risk to
family and caregivers during the treatment of chronic respiratory diseases, and sleep-
disordered breathing, especially obstructive sleep apnea (Singh and Sterk 2008;
Esquinas et al. 2014; Arulkumaran et al. 2020).

Various studies have demonstrated that the viral load is comparable in nasal and
throat swabs of symptomatic and asymptomatic patients with COVID-19 (Baker and
Sovani 2020), suggesting that NIV-induced aerosolization of nasopharyngeal secre-
tions from asymptomatic patients may pose similar risks for high-dose viral trans-
mission in households. Therefore, it indirectly means that all the patients who are
even COVID-19 suspects should follow the COVID-19 protocol during NIV use
unless proven otherwise by PCR testing. Furthermore, aerosolized severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) has a half-life of 1.1 h in the
air; therefore, a period of prolonged isolation may be required following NIV usage,
which is difficult to carry on at home particularly for the patients who are dependent



on caregivers (Ferioli et al. 2020; van Doremalen et al. 2020; Zou et al. 2020). For
this reason, the initial response to handle the hazards was to stop NIV use at home,
even in COVID-19 suspects. However, patients with hypoventilation syndromes, or
COPD, are at risk of respiratory failure, and the pandemic has taken a protracted and
unpredictable course, besides the fact that CPAP use can have a bearing on overall
mortality and morbidity in these patients if infected with SARS-CoV-2; therefore,
we need to work on safe NIV use rather than suspending NIV (Pazarli et al. 2021;
Perger et al. 2021; Cardoso et al. 2022).
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Based on the literature review and personal experience for home NIV manage-
ment (Baker and Sovani 2020; Barker et al. 2020; Pirzada et al. 2020; Wang et al.
2021a; Craig and West 2022), the following is suggested:

• Universal isolation for NIV at home is impractical since many require specialized
home assistance, and many cannot afford it; hence, it must be individualized
according to the needs and available resources. The attending physician should
decide about all the “pros and cons” to minimize the transmission without
compromising therapeutic benefits.

• A temporary cessation is an unplausible option, considering the risks of with-
holding NIV in patients with hypercapnia; however, this needs to be discussed
with the treating physician. Moreover, consent and decision should be formally
discussed and individualized. In patients with whom NIV therapy cannot be
temporarily stopped, such as patients with severe hypoventilation syndromes,
complete home isolation is preferred to minimize aerosol risk in the household
but can be a formidable challenge.

• Other plausible options are applying mask and circuitry modifications to mini-
mize aerosol dispersion. Modifications of the device and interface of NIV may
reduce the risk of aerosol dispersion, following the experimental outcomes as
already discussed (the modifications will be discussed below).

• Applying NIV in a supine or semi-inclined position to augment the settling down
of aerosols and minimize the spread area, as discussed above, is from the
inference from experimental studies.

• Following routine hygiene advisories is highly recommended: changing machine
filters routinely, cleaning surfaces, cleaning masks and tubing with hand-hot soap
water (washing-up liquid), and washing hands regularly.

• Oxygen systems, though not quantified, are highly infective. Thus, the same
precautions are to be followed in the case of supplemental oxygen during NIV.
In addition, it is better to integrate O2 tubing into the circuitry (further discussion
below), although it decreases FiO2.

• It is pertinent to mention for home titration studies using NIV, and it is advisable
to use auto-titration devices or use remote titration system (Kryger and Thomas
2020; Rapoport 2020).

Home NIV also warrants environmental measures to keep the space clean during
and after NIV use by diluting air through good ventilation, not only in the patients’
room/bedroom but also in the washroom and anteroom. Since the WHO recom-
mends a ventilation rate of 288/h/person, which is not possible by natural ventilation,



it can be bypassed using portable air purifiers in emergency situations (Pirzada et al.
2020; Guo et al. 2021; Duval et al. 2022). However, these devices need maintenance
and cleaning under infection control guidelines. These situations emerge if the
COVID-19 patient is managed at home, which is not uncommon during the
pandemic.
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The bottom line is that NIV use during the infection or suspicion of infection is to
be individualized since the risk of infection transmission is high and protocol for
prevention at home is clearly tedious and, at times, impractical.

21.2.2 In Hospitals

NIV emerged as a therapeutic respite during the COVID-19 pandemic by its
judicious use as an alternative to intubation and prevented re-intubation in patients
with respiratory failure. Thus, it helped to maintain logistic support during a
pandemic when the healthcare structure was stretched beyond manageable limits.
In addition, it provided a practical leeway to manage respiratory failures outside the
intensive care units (Rochwerg et al. 2017; Menzella et al. 2021; Wang et al. 2021b).

For COVID-19 respiratory failures, both CPAP and BPAP are extensively used;
in fact, there were governmental directives to companies to enhance the supply to
meet the demand. However, NIV in these clinical situations carries a considerable
risk for healthcare workers and other patients. Considering all the advantages NIV
offers over invasive ventilation during COVID-19 treatment, aerosolization is a huge
disadvantage since aerosolization in invasive ventilation (closed circuit) is almost
negligible compared to NIV.

For in-hospital NIV use, dispersion of the virus is common if robust preventive
measures are not applied. NIV use in hospital, in a setting of suspected or confirmed
cases of COVID-19, warrants infectious disease protocol of isolation in a negative-
pressure room, preferably with an anteroom and attached washroom (well ventilated)
and personal protective equipment for attending staff; however, it is not possible in
high-volume patient inflow. Even under such unavoidable conditions, PPE for the
attending staff is mandatory (Bartoszko et al. 2020; Ferioli et al. 2020; McEnery
et al. 2020; Bazant and Bush 2021).

A practical approach is to modify the NIV device, mostly interface and tubing, to
minimize the dispersion and protect healthcare workers and domiciliary NIV house-
hold members or caregivers. CPAP or NIV/BPAP ventilators for patients with sleep-
disordered breathing (in fact, most used NIV devices at home and high patient
volume centers) are built to work with a single tube and a “relatively constant
intentional leak”; the same holds true when hospitals must use out-of-ICU ventila-
tors. The leak occurs in three parts: mouth leak if a nose mask is used, leak around
the mask/face contact, and leak through the intentional leak port. Interventions to
reduce leak (unintentional) include the use of a full-face mask (discarding nasal
masks) with the optimal fit. To bypass dispersion through intentional leak, the mask
must be non-vented with an exhalation port in the circuit to avoid carbon dioxide



(CO2) rebreathing, and then fix a filter before the exhalation port. Thus, a guide to
choosing a mask to minimize viral dispersion would be the following (Aarrestad
et al. 2020; Bartoszko et al. 2020; Pirzada et al. 2020):
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• The first choice is a full-face non-vented mask with an expiratory viral filter and
exhalation port in the circuit beyond the filter so that air that is breathed out goes
through the filter to ensure the viral trap. A good mask seal for face masks is
important to minimize droplet dispersion and maximize effectiveness.

• The second choice is a helmet with an air cushion for CPAP, following the same
filter and exhalation port protocol. But usually, it has low acceptability by the
patients, and many find it claustrophobic.

• The third choice is a helmet without an air cushion for CPAP, following the
same filter and exhalation port protocol.

• The fourth choice is a standard face mask with the same filter and exhalation port
modifications.

From the recommendations, we infer that the choice of mask depends on mini-
mizing aerosol exposure and ensuring patient compliance and acceptability.

For practical considerations, the preferential setting at the initiation of therapy to
minimize aerosol exposure is to follow the default setting:

• For CPAP, the initial default setting is 10 cm H2O with humidity (higher
pressures will increase the exposure of healthcare staff to exhaled (infected)
air). In fact, most patients find it difficult to accept pressures more than 10 cm
H2O, and most centers do not escalate pressures to more than 10 cm H2O when
treating acute respiratory failures with CPAP.

• For BBPAP (NIV), we should start with IPAP 15/EPAP 5 for mild cases and
IPAP 20 30/EPAP 5–10 for severe cases. First, use a minimum-pressure CPAP
alone for oxygenation, and then adjust the machine to add IPAP for respiratory
support. It is more practical and result oriented.

• Oxygen can be blended into the system, typically at relatively high rates, as
oxygen flow does not translate mathematically from nasal oxygen cannula set-
tings. High air pressure in the conduit dilutes it; thus, delivered O2 concentration
will fall when we escalate the pressures, even while the patient has benefits.
Monitoring oxygen saturation helps but must be interpreted with this in mind
(Aarrestad et al. 2020; Pirzada et al. 2020).

Since it is essential while using a mask system to humidify the gas flow, a heat
and moisture exchanger (HME)/viral filter should be fitted in the exhaust systems to
reduce droplet spread. HME filters can result in waterlogging and, thus, must be
watched carefully and changed to prevent high and unidirectional flow. It must be
ensured that the ventilator mode employed supports the use of non-vented masks and
exhalation ports. Likewise, the sequence of events protocol for hooking and
unhooking the ventilator should be followed in prescribed steps to prevent spread;
the steps are to put the mask on, tie it, and then put the ventilator on, and to
disconnect, first put the ventilator off, untie it, and then take off the mask (James
et al. 2020; Pirzada et al. 2020).
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Fig. 21.1 A non-vented mask is attached to a bacterial filter, a connection to a safety valve and an
oxygen entrainer port, and an exhalation port with a valve

To prevent accidental escape of breaths via a dislodged oxygen tubing while
maintaining intentional leak, a viral/bacterial filter can be placed in the circuit
between the mask and the oxygen and exhalation ports (Fig. 21.1) (Aarrestad et al.
2020; Kryger and Thomas 2020; Pirzada et al. 2020). This viral/bacterial filter can
replace any filter at the machine end of the circuit and ideally needs to be changed
every 24 h to prevent any resistance to flow due to moisture absorption, which can
mimic clinical deterioration. It is important to mention that external humidification
should not be used in such systems. Additionally, by adding a filter in a single-lumen
NIV, PAP must negotiate the filter as it is fitted in the same lumen in the absence of a
T-piece. Thus, the pressure gets reduced; it is to be considered and might require
pressure escalation to maintain efficacy (Kryger and Thomas 2020; Pirzada et al.
2020; Rapoport 2020; Delorme et al. 2021). Figure 21.1 illustrates a non-vented
mask attached to a bacterial filter, a connection to a safety valve and an oxygen
entrainer port, and an exhalation port with a valve.

Commonly used NIV bilevel devices are single-lumen circuits and do not have a
separate exhalation port. To act during the exigencies of patient volume and meager
resources, devices are to be modified to prevent virus transmission and maintain
circuitry. It is suggested to follow “jury rig,”which is a system tailored to circumvent
the lack of a commercial bilevel circuit with an exhalation port. This can be done by
connecting a T- or Y-connector to the mask and then fitting a filter in the new limb,
besides introducing an exhalation port (or resistor containing leak), which can be
inserted before (or after) the filter (Pirzada et al. 2020; Rapoport 2020).
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Fig. 21.2 An example of modified bilevel circuitry with a Y-connector added to reduce aerosol
dispersion, with one limb connected to the device and the other to a filter through a restrictor

This addition of a “T” or “Y” tube piece with an “overflow” port allows filtering
of all but the unintentional face leak (which can be managed using an appropriate
mask). However, it creates dead space, which can be minimized by connecting the Y
or T piece as close as feasible to the mask (Fig. 21.2) (Pirzada et al. 2020). However,
merely adding a filter on the end of the “overflow” tube will dissipate much of the
delivered pressure from the ventilator, thus compromising therapeutic benefits. An
additional modification overcomes this in the circuit by adding a resistor. Thus, the
combination of a filter and a resistor/restrictor in the right range will correct this
issue. If a resistor is not commercially available, it can be tailored using a plug with a
single 3.5 mm (1/8 or 5/32 inch) hole drilled in it or twenty 0.8 mm holes drilled in a
standard medication pillbox that fits the tubing; holes are punctured/melted into the
bottom with a hot paper clip or 18-gauge needle (Pirzada et al. 2020, Rapoport
2020). This arrangement should provide a leak flow of 12 l/min at 3 cm H20 and 35 l/
min at 25 cm H20, providing adequate ventilation at most bilevel settings without
significant CO2 rebreathing (Rapoport 2020).

The setup would replicate the typical leak port flows of existing masks or
expiratory port circuits directed to a filter (Fig. 21.2) (Pirzada et al. 2020). The
sterility of this part of the circuit is not a significant issue as the flow is unidirectional
away from the patient (Rapoport 2020).
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21.2.3 Environmental Control in Hospitals (Heating,
Ventilation, and Air-Conditioning)

During the COVID-19 surge, hospital facilities were used for COVID-19 manage-
ment, often bypassing area restrictions for NIV use. High-risk areas in the hospital
are the isolation beds and ICU. Both these areas are used for NIV, particularly during
an epidemic or pandemic like COVID-19. However, during phases of a sudden
surge, almost all hospital facilities are used for COVID-19 patients, and NIV is used
ubiquitously in the hospitals, and many patients are connected to NIV on arrival only
in the emergency reception area. Thus, aerosol management in hospitals needs a
comprehensive plan and program. The workforce must be prepared for the chal-
lenges associated with this infection control. The cornerstone is streamlining rapid
diagnosis and isolation, clinical management, and infection prevention. Healthcare
workers are at very high risk of acquiring infection and transmitting it to coworkers
and other patients.

Standard infection control measures, as already discussed, are to be followed with
professional conviction; however, aerosol management demands much more than
that, to dispose of any contaminated usable and to clean the atmosphere. In addition,
for aerosol management, the control of airborne bacteria and viruses should be
guaranteed to minimize cross infection in hospital wards.

21.3 A Summary of Management Strategies According
to Various Organizations

A. Ventilation: Wherever possible, maintain natural ventilation as much as possible;
air dilution is an easy, although inadequate, way to dispose of infected aerosol.
However, this is not possible in hospital settings as the environment is controlled,
most often maintained by “heating, ventilation, and air-conditioning (HVAC) sys-
tems.” The HVAC systems control the exchange and regulate cooling/heating and
filtering. There are guidelines to maintain an optimal environment; thus, for general
wards, 6 of total air and 2 of fresh air “air change per hour” (ACH) is recommended
by the US and UK standards (ASHRAE Standard 170–200,831) and the UK
standard (HTM 03–01). The European standard (CEN/TS 16244:2018) specifies
the air quality requirements, air ventilation rate, control of airflow direction, and
reduction of bio-contamination for hospitals which are practically the same. The
WHO guidelines for natural ventilation for infection control in healthcare settings
recommend a ventilation rate of 288 m3/h (nearly 12 air change rate per hour) per
person, at least to effectively eliminate the risk of infection. However, air exchanges
for the ICU should be 12–20 ACH, 12 for the negative-pressure room, and 20 for the
positive-pressure room.

For HVAC systems, to increase the amount of outdoor air in ventilation systems,
open the minimum outdoor air dampers as high as 100% if possible. Disable



demand-controlled ventilation to get the maximum. Central air filters should be
improved as much as possible, at least to the grade of MERV-13 (Minimum
Efficiency Reporting Value), which can filter all particles, including microorganisms
as well as viruses, and seal the edges of the filter to limit bypass. Air circulation
should be maintained from safe to unsafe, not from unsafe to safe area/room/ward,
meaning the air from the area where NIV is used with potential infectivity should
never go to the area of no infectivity.
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Making judicious use of HEPA filters can theoretically remove at least 99.97% of
dust, pollen, molds, bacteria, and any airborne particles of 0.3 mm in size. Keep the
system running for longer hours; if possible, keep the system running 24 h a day,
7 days a week (7/24). For pandemic exigencies, “portable room air cleaners” with
HEPA filters can be used in the areas where HVAC systems are not available
particularly in makeshift areas during heavy patient burden.

B. Humidification and temperature: The indoor relative humidity between
50 and 60% is suggested to reduce the risk of spreading airborne infectious diseases
as it prevents desiccation, dispersion, and human mucus membrane vulnerability.
Thus, humidification must be optimal to minimize aerosol production and transmis-
sion. Since viruses can usually survive in low temp (4 C°) for longer hours,
maintaining a higher temperature is recommended. Recommendations are not “com-
fort oriented” but “infection control oriented” to maintain higher temperatures
during the pandemic.

C. UV light: UV lights can be installed in an air-handling unit or directly in the
ventilation enclosure without impacting airflow pattern circulation. It works by
breaking down certain chemical bonds and disrupting the structure of DNA, RNA,
and proteins, causing a microorganism to become unable to multiply. However, if
used in open spaces, like rooms or wards, it will require eye protection; thus, such
use is discouraged.

It is relevant here to mention that exhaust from rooms should be low-lying and
high air entry to minimize the aerosol movement along air currents. HVAC exhaust
should be installed at the top of the hospital building, and the staff handling and
maintaining the HVAC should use PPE during the handling protocols.

Thus, we conclude that aerosol management during NIV needs interventions,
modification, and planning at multiple levels. We need to modify devices, circuitry,
and interface, besides following environmental control by ensuring ventilation,
natural and mechanical. General infection disease protocols must be adhered to
with conviction (Memarzadeh 2011; Ding et al. 2020; Saran et al. 2020; Guo et al.
2021).

21.4 Practical Key Messages

From our discussion above, we can deduce the following:
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• The use of noninvasive ventilation should not be absolutely discouraged at home
and in the hospital during infections but should be weighed and considered in a
tailored clinical context with precautions.

• Infection control guidelines are the backbone of aerosol management not only in
the hospital but also at home.

• Interfaces and devices used during everyday NIV use might require to be changed
at the time of infection.

• During healthcare exigencies like the COVID-19 pandemic, devices can be
modified without replacing the whole assembly, at times with household tools
and appendages.

• Environmental cleaning is essential at home and in healthcare facilities for better
infection control during aerosol therapy.

• All the measures followed for NIV use during COVID-19 do not bypass standard
NIV guidelines and precautions.
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Chapter 22
Telemedicine and Telemonitoring of Sleep
Disorders During the COVID-19 Pandemic

Amir Sharafkhaneh, Max Hirshkowitz, and Habibollah Khazaie

Abstract COVID-19 pandemic took the whole world by surprise. The widespread
and devastating effects of the pandemic diverted the resources in taking care of
patients infected with the virus while resulting in near-complete shutdown of sleep
services. With the better control of the pandemic, sleep services gradually expanded
their services, while in many localities, still they are below the pre-pandemic levels.
The pandemic also pushed the use of telehealth services to the forefront of medical
care. Sleep medicine services and workflows can easily adopt telehealth. Although
the use of telehealth for sleep medicine grew during the pandemic, lack of infra-
structure and of familiarity with telehealth are the main issues. In this chapter, we
review the effect of pandemic on telehealth services as it relates to the application of
telehealth for sleep services.

Keywords Telemedicine · Sleep-disordered breathing · Behavioral health · CBT-I ·
Insomnia

22.1 Introduction

COVID-19 pandemic took the world by surprise. It not only resulted in significant
mortality and morbidity, but also created complexities in access to healthcare
services and resulted in organizational changes in healthcare systems worldwide.
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At the beginning of the pandemic and in many societies up to now, lockdowns
created physical limitations to medical care. Further, majority of medical capabilities
and resources were diverted to take care of the pandemic medical needs. The
pandemic is affecting the sleep services even to this date (Hwang and Pépin 2020).
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Access to sleep services is provided traditionally through face-to-face patient-
provider interactions. The limitations of the current model of delivering medical care
include timely access to a subspecialist, need for travel to long distances, and issue of
space for clinical care and related expenses. The new models of care overcome these
limitations through the use of new and upcoming telecommunication technologies.

Telehealth broadly is defined as access to healthcare providers and services
anywhere and at any time. Telehealth services include real-time services (like an
office visit but through telehealth) or remote review of the patient-related data.
Telehealth covers a variety of services including inpatient and outpatient care,
population health, home healthcare, second medical opinion, provider-to-provider
consultation, group/individual education and counseling, group/individual physical
rehabilitation, group/individual anti-addiction counseling and care, diagnostic inter-
pretative services, remote patient monitoring, and quality control of various medical
services (Kvedar et al. 2014).

Telehealth workflow can easily be adapted to accommodate various sleep ser-
vices. These include diagnosis, review of the data, patient consultation, and initiation
and follow-up of treatment. The diagnosis of sleep disorders heavily relies on the
history and use of various questionnaires. The physician examination is mostly
audiovisual rather than relying on palpation. Further, the relevant diagnostic tests
are entirely in digital format and, thus, easily transferrable. Various device therapy
options for sleep apnea provide remote access to the use of data. Thus, telehealth in
the era of COVID-19 can be an excellent alternative to traditional models of sleep
care (Verbraecken 2016; Bruyneel 2016).

22.2 COVID-19 Pandemic and Sleep Services

SARS-CoV-2, the pathogen causing the COVID-19 pandemic, is transmitted
through droplets, airborne particles, and close contact with people. Due to concerns
related to the viral transmission, the pandemic of COVID-19 brought the sleep
services to a complete halt (Hwang and Pépin 2020). At the earlier stages of the
pandemic, health authorities around the world recommended that nonemergency
procedures, diagnostic evaluations, and laboratory tests in chronic patients, espe-
cially in cases related to the respiratory system, should be postponed or, if necessary,
performed in a safer environment in the future (Voulgaris et al. 2020; Johnson et al.
2021).

Data from various countries show somewhere around 50–90% decline in sleep
services due to the pandemic, and to this date, they have not recovered to
pre-pandemic level. Polysomnography requires close contacts with patients (Grote
et al. 2021). Attended PAP titration causes aerosolization and increases the



possibility of infection. The devices and equipment used for sleep studies may
harbor the virus and thus transmit the infection to others. Accordingly, all planned
laboratory sleep studies, home sleep studies, and follow-up examinations of patients
who had previously received sleep treatments were postponed at the earlier phase of
this pandemic.
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During the pandemic, not only sleep services diminished, but also incidences of
sleep disorders like insomnia increased significantly (Kumar et al. 2022). Since the
occurrence of sleep disorders during the epidemic is directly related to the occur-
rence of mood disorders, not paying attention to the treatment of sleep disorders
caused a greater risk to public health during pandemics. Despite the dangers of
ignoring sleep problems and the lack of sufficient evidence on how sleep laboratories
work, efforts to provide remote medical care through telehealth increased to reduce
patients’ and providers’ contact with pathogenic agents and conditions (Johnson
et al. 2021).

22.2.1 Sleep Services at the Beginning and During
the Pandemic Phase

At the beginning of the pandemic, there were no clear instructions on providing
medical services in sleep laboratories. There were many challenges in conducting
sleep studies at the beginning of the pandemic. Investigations show that in situations
similar to the COVID-19 disease, sleep laboratories are known as one of the centers
prone to spreading infection among patients and health professionals. Patients on
nocturnal ventilatory support experience an inherently higher risk for respiratory
infections. The droplets created by the ventilators due to the use of interfaces are
spread up to a distance of 1 m, which increases the potential risk of infection to the
treatment staff.

Sleep tests including level I and II polysomnography, and level III polygraphy,
also known as a home cardiorespiratory study, carry risks of spreading the COVID-
19 infection. The equipment of the polysomnography device that was connected to
the patients during the study is made of fibers that get damaged by disinfectants.
Also, there is a possibility of damage to polysomnography devices due to the use of
disinfectants. The SDB group of the Canadian Thoracic Society, in relation to the
management of patients with SDB during the epidemic, stated that laboratory sleep
studies, home sleep apnea tests, and PAP treatment should not be performed during
the COVID-19 epidemic. The society stated that in cases of patients with critical
conditions, such as unstable cardiopulmonary diseases, in which SDB plays a
fundamental role, disposable equipment should be used. Alternatively, if the reus-
able devices are used, after completing the treatment, the used equipment, based on
its manufacturer specifications, should be placed out of use for a certain period of
time to assure that the devices and equipment do not harbor the SARS-CoV-2
(Drummond 2020). Also, alternative treatment with auto-titrating PAP devices



was recommended to prevent patients from going to hospitals (Voulgaris et al.
2020).
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The Australian and British sleep associations also emphasized the safety of
patients and healthcare workers. Their statements emphasized sleep centers to
prioritize patients and to provide services based on the needs and severity of the
diseases, as well as conducting screening tests for the infection with SARS-CoV-2 in
patients. The American Academy of Sleep Medicine presented its recommendations
regarding telephone screenings before home sleep apnea testing. Based on these
recommendations, patients are evaluated for various symptoms of COVID-19,
including fever, cough, and shortness of breath. Also, daily screening was done
for the medical staff, and the staff was required to use personal protective equipment.
French regional health agencies also emphasized the importance of gradually resum-
ing screening and diagnostic activities to start timely treatment, especially in patients
with SDB. This document is a practical framework for the relevant experts, and
based on it, permission to treat patients with SDB was issued after the end of the
quarantine. The statement recommended prioritization of patients in terms of the
severity of the disease and the importance of protecting patients and treatment staff
from the possible transmission and contracting of viral infections (Voulgaris et al.
2020; Bastier et al. 2020; Kole 2020). The European Sleep Association and the
British Sleep Association provided guidelines for the provision of cognitive behav-
ioral therapy in the treatment of insomnia and the management of obstructive sleep
apnea at the beginning of the COVID-19 pandemic (Kanchan et al. 2021).

With the significant reduction of face-to-face visits for patients with sleep disor-
ders, the role of telehealth in providing appropriate care became more apparent
(Hwang and Pépin 2020). Healthcare facilities with already established telehealth
services transitioned sleep-related services to telehealth even before recommenda-
tions from various sleep and respiratory societies emerged. In our center at the
Veterans Administration, all face-to-face visits were moved to video visits, in-lab
titrations were temporarily suspended, and most of the patients with SDB were
managed by automatic PAP and telehealth visit. Figure 22.1 shows numerous
applications of telehealth in the effective diagnosis and management of patients
with various sleep disorders (Sharafkhaneh and Kuna 2021). Subsequent to explo-
sion in the use of telehealth for sleep services, the American Academy of Sleep
Medicine updated its 2015 guideline for the use of telehealth for sleep services
(Shamim-Uzzaman et al. 2021; Singh et al. 2015). The reader is encouraged to
review these two publications. Interestingly, growth of telemedicine in sleep also
resulted in a chapter in the seventh edition of Principles and Practice of Sleep
Medicine (Sharafkhaneh and Kuna 2021).

22.2.2 Reopening of Sleep Services

The 2019 coronavirus (COVID-19) pandemic caused disruptions in nonurgent
health services to reduce the risk of infection and limit the spread of the virus,



particularly in hospital settings. Staffing of sleep centers in healthcare facilities
strained by the pandemic resulted in almost complete closure of sleep laboratories
and clinics during quarantine in the USA, Europe, and in other parts of the world
(Grote et al. 2020; Wilson et al. 2020; American Academy of Sleep Medicine 2022).
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Fig. 22.1 Applications of telehealth to deliver sleep medicine services

Reopening of outpatient medical services encountered significant obstacles.
Among these have been (a) scarcity of workforce, (b) lack of clear guidelines backed
by data in how to open the sleep-related medical services while protecting the
patients and healthcare providers at the same time, and (c) scarcity of medical
resources due to diversion of the biotechnology industry in combating COVID and
disruption of supply chain. Patient and provider safety significantly influenced
traditional workflows across the healthcare industry, and telehealth took a center
stage. Although a certain number of patients may require face-to-face contact, the
shift to a new care paradigm, especially in the time of COVID-19, has been very
critical.
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22.3 Telemedicine: Concept and Definitions

Although both telemedicine and telehealth have been used interchangeably in the
literature, telehealth provides a wider application of the technology including
administrative and educational services of healthcare in contrast to telemedicine,
which mostly relates to medical care of patients. Telehealth broadly is defined as
access to healthcare providers and services anywhere and at any time (Singh et al.
2015). Telehealth covers a variety of services including but not limited to inpatient
and outpatient care (scheduled and on-demand), medication and device use moni-
toring, population health, home healthcare, second medical opinion, provider-to-
provider consultation (E-consult), group/individual education and counseling,
group/individual physical rehabilitation, group/individual anti-addiction counseling
and care, diagnostic interpretative services, remote patient monitoring for chronic
medical conditions (including PAP utilization follow-up), and quality control of
various medical services (Kvedar et al. 2014).

The medical care provided remotely can happen in real time and thus is termed
synchronous vs. review of already captured data, termed asynchronous (Bahammam
et al. 2020). In contrast to the traditional way of providing medical care, patients and
care providers are not in the same physical place. Originating site is the place that
patients receive the care, while the distant site is the place that practitioners provide
the care. The originating site could be a patient’s home or a medical facility. Finally,
in addition to telehealth technology, when the originating site is a medical facility, a
third person called presenter in the originating site is involved that will have
healthcare background with training on how to operate the telehealth technology.

22.4 Requirements of Telehealth

The US healthcare market most likely is one with the most advanced telehealth
worldwide. Although this market grew tremendously over the last few decades, its
growth significantly accelerated with the COVID-19 pandemic. Use of telehealth in
the time of pandemic seems intuitive; however, the implementation of telehealth
needs a completely different mindset. Telehealth is not equal to information tech-
nology (IT). Presence of physician champions, trained staff in the use of telehealth,
presence of required technology including hardware and software, and proper
workflow are some of the very important components that are needed for imple-
mentation of telehealth.

One of the major issues with telehealth is the patients’ and providers’ acceptance.
Studies show that patients view telehealth for sleep services as a positive experience
(Parikh et al. 2011). Donovan and colleagues conducted a survey about patients’
experiences with telehealth delivery of sleep services. COVID-19 pandemic started
halfway during this study. Overall, the study clearly showed the acceptance of
telehealth as an acceptable alternative. The patients reported that the telehealth is



keeping them safe. One important concern was potential loss of privacy (Donovan
et al. 2021).
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Although telehealth use has been growing tremendously in part due to the
pandemic, many aspects of telehealth are still evolving. Practice and business of
healthcare vary significantly around the world, and each locality needs to address
many issues related to telehealth before successful and sustainable implementation
of virtual care. Important issues related to telehealth include technology-related
issues (hardware and software), regulations and legal implications, payer-related
issues, and licensing of practitioners (Sharafkhaneh and Kuna 2021; Khosla 2020;
Cervenka and Iber 2020; Fields 2020; Abbasi-Feinberg 2020; O'Donnell et al.
2020). Figure 22.2 depicts the issues and stakeholders involved for a successful
telehealth program (Sharafkhaneh et al. 2021).

22.5 Applications of Telemedicine in Sleep

There are multiple areas in which telehealth can be easily adopted in the evaluation
of sleep disorders. Telehealth holds the promise not only of assessment and treat-
ment but also of monitoring to ensure continued treatment and troubleshooting of the
myriads of factors that can negatively impact numerous sleep disorders. Figure 22.1
shows potential applications of telehealth to sleep medicine services. The most
common uses to date include orientation and demonstration for diagnostic testing
or sleep-disordered breathing (SDB), individual sleep evaluations, and follow-up of
disorders such as SDB, REM behavior disorder (RBD), narcolepsy, insomnia, and
circadian rhythm disorder (Sharafkhaneh and Kuna 2021; Singh et al. 2015;
Sharafkhaneh et al. 2022; Hirshkowitz and Sharafkhaneh 2014). The complications
of telemedicine are relatively well understood; technology may impede the repre-
sentation of medical conditions related to skin discoloration (leading to missed
conditions such as jaundice, iron deficiency), olfaction which is sometimes an
indicator of conditions such as infection, or other conditions. Identification of
conditions which a practitioner might otherwise become aware of visually serendip-
itously may also be missed. However, assessments of psychological factors which
influence the course of a sleep disorder are less vulnerable to these shortcomings.
Telehealth for psychologically impacted sleep disorders may target a range of sleep
complaints and broaden access to care (Sharafkhaneh et al. 2021).

Figure 22.3 depicts a simplified telehealth workflow for sleep services developed
in our center. Initial evaluation of a patient with suspected sleep disorders entails
evaluation by a sleep expert. Sleep medicine consultation relies mostly on obtaining
medical history and limited physical exam; thus, sleep experts using a synchronous
video visit can provide much-needed sleep consultation services with no need for
patient and provider exposure to the virus and risk of infection with COVID-19.
Available telehealth technologies including various secure applications for video
visits make video consultation feasible. Diagnosis of sleep disorders heavily relies
on the history obtained from patients, and telehealth is easily amenable to the
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collection of the medical history information through the use of questionnaires in
digital format. Further, confirmation of diagnosis of sleep disorders relies on objec-
tive diagnostic tools like polysomnography and home sleep testing. Scoring and
interpretation of sleep studies are clear examples of store and forward or asynchro-
nous service used in telehealth. Patients’ follow-up after sleep studies by sleep
experts and initiation of therapy can happen over video visits.
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Fig. 22.3 A simplified telehealth sleep workflow

22.5.1 Telehealth and Sleep-Disordered Breathing

After diagnosis of sleep-disordered breathing, almost all aspects of sleep care can be
delivered using telehealth technology (Sharafkhaneh and Kuna 2021; Hirshkowitz
and Sharafkhaneh 2014; Verbraecken 2021). Implementation of telehealth for SDB
care depends very much on the local healthcare organization and the already
established workflows for the management of SDB. Discussion of the results of
sleep studies with the patients can easily be done using synchronous telehealth
including phone or video visits. Discussions about the type of treatments available
and indicated and patient education are easily achievable through the use of
telehealth. In our center, telehealth is used for initial setup and follow-up of PAP
therapy of patients with sleep-disordered breathing (SDB). During COVID-19



pandemic, even mask fittings were conducted through video visits. In this program,
we developed pictorial educational material including how to measure various points
on human face to enable the patient to obtain information needed to decide about the
mask size.
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PAP utilization is a major issue in the treatment of SDB (Taylor et al. 2006;
Yetkin et al. 2008; Stepnowsky Jr. et al. 2002). Telehealth technology has been used
to monitor the use of PAP devices and adjust the prescription according to the
efficacy data including the residual AHI provided. Currently, major manufacturers of
PAP devices provide remote data on PAP efficacy and utilization. Application of
telehealth shows promise in improving utilization in patients on PAP therapy
(Sharafkhaneh and Kuna 2021). A meta-analysis by Aardoom and colleagues
showed improvement in CPAP usage by use of eHealth interventions (Aardoom
et al. 2020).

22.6 Telehealth and Insomnia

In all areas of sleep, behavioral medicine is a necessary tool in comprehensively
understanding any sleep disorder, as well as issues that may block adherence to
treatment(s). Behavioral therapy workflow is easily adaptable to telehealth as it does
not require any physical exam. For example, behavioral therapy to improve PAP
utilization can be effectively conducted using telehealth.

CBT-I is the first line of therapy for insomnia; however, access to CBT-I is
significantly limited. Thus, telehealth may play a significant role in improving access
to care. Telehealth can provide both self-driven (computer based) and clinician-
driven CBT-I. Computerized cognitive behavioral therapy (CCBT) has rapidly
expanded to offer structured CBT programs via the internet or mHealth (mobile
health apps). These are generally grounded in the basic principles of CBT but are
self-driven (Chan et al. 2017; Thorndike et al. 2013). In a recent meta-analysis,
CCBT programs appear to have mild-to-moderate benefit on insomnia (Cheng and
Dizon 2012) and to be overall moderately useable (Yu et al. 2019). Studies involving
trained providers, however, indicate that telehealth delivery of CBT is effective for
both depression and insomnia (Lichstein et al. 2013; Scogin et al. 2018). Contrary to
internet programs in which no provider is involved, telehealth is a clinician-driven
CBT-I. Telehealth-based CBT-I is as effective as face-to-face standard of care in
multiple studies. A recent meta-analysis of telehealth in insomnia management
showed significant improvement in access to services and therapeutic effects
(Sharafkhaneh et al. 2022).
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22.7 Summary

COVID-19 pandemic resulted in suspension of many non-emergent medical services
to stop the spread of the virus, but also to divert the medical resources to much-
needed COVID-19 care. At the same time, various forms of telehealth became the
center stage for delivering medical care. Many governmental agencies around the
world loosened the regulations related to telehealth to enable the providers to use
communication technology to deliver medical care with minimal risk of spreading
COVID-19 infection. Sleep services, being considered nonurgent in overwhelming
majority of cases, encountered significant setback. Interestingly, as sleep services did
not relay as much on detailed physical exam, many of the services related to sleep
care did transfer to telehealth workflow. Many centers including ours expanded or
adopted telehealth to provide sleep care. These services included initial and follow-
up patient evaluation through telephone or video visits, initiation of SDB therapy
using remote interface fitting, patient education, PAP setup (using auto-PAP when
indicated), remote patient usage monitoring, remote patient counseling when usage
is suboptimal, and remote CBT-I. With the widespread use of telehealth, obstacles to
use also emerged. The obstacles include but not limited to availability of technology,
design of effective workflow fitting any specific medical practice, legal issues
including licensing of the remote providers, patient privacy, data security, connec-
tivity, and financial aspects. Before the pandemics, many patients and providers did
not accept that the telehealth can provide similar medical services as face-to-face
visits will do. The pandemic significantly overcame the obstacles of patient and
provider acceptance of telehealth services. Telehealth is only a tool to facilitate
access to care including sleep services. However, telehealth should be customized to
each locality with consideration given to major issues including the payers, patients’
culture and acceptance, licensing requirements, workflow, existence of the technol-
ogy, and cost. A telehealth model developed in one country may not fit in other
places and thus needs to be adapted. Further research in legal, technological, and
economic aspects of telehealth for sleep medicine is needed to optimize and expand
its use.
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Chapter 23
Changes in Positive Airway Pressure
Application and Practices in Individuals
with Sleep-Related Breathing Disorder
During the COVID-19 Pandemic

Dennys Franco-Avecilla, Mouaz Saymeh, and Tetyana Kendzerska

Abstract The positive airway pressure (PAP) therapy prescription and use for
individuals with sleep-related breathing disorder (SRBD) have been affected by
the COVID-19 pandemic, given concerns for aerosolizing risk associated with
PAP therapy use. Guidelines have recommended balancing the risks and benefits
of continuing PAP therapy during the pandemic by assessing cohabitation status,
severity of underlying SRBD, comorbidities, and occupation safety. At the same
time, untreated SRBD has been shown to be associated with poor outcomes in
patients contracting COVID-19 infection. Although PAP prescriptions have
decreased during the pandemic and PAP initiation methods have shifted from
face-to-face to remote setups, PAP use has not changed and potentially increased
since the beginning of the COVID-19 pandemic. It has been found that individuals
with the lowest PAP use before the pandemic demonstrated the most marked
improvement in PAP use. Male gender and age 65 years and older were associated
with increased PAP use compared to their female and younger counterparts. Con-
versely, higher stress levels, depression, poor sleep quality, remote PAP setup, and
living with someone who experienced symptoms that could be attributable to
COVID-19 have been suggested to be associated with lower PAP use. Critically,
lower PAP usage was found in individuals newly started on PAP after the first wave
of the pandemic. Further research is needed to identify populations at risk of
reducing PAP use and target education strategies.
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Keywords Sleep-related breathing disorder · Positive airway pressure use ·
COVID-19 pandemic · Populations at risk · Positive airway pressure initiation

23.1 COVID-19 Transmission Risk Associated with Positive
Airway Pressure Use

A severe respiratory infection started in Wuhan, China, in December 2019 caused by
a novel coronavirus called SARS-CoV-2, which led to high morbidity and mortality.
On March 11, the World Health Organization (WHO) declared a worldwide pan-
demic (Sencer 2020). As a result, many countries declared a nationwide state of
emergency, forcing individuals to their homes and allowing only essential travel.

The COVID-19 pandemic has changed the operation of the healthcare system in
an effort to decrease the risk of viral transmission. The spread of the virus is known
predominantly through droplets; however, it is known to transmit also through
airborne particles in high concentrations within enclosed environments, especially
seen during aerosol-generating procedures (AGPs). AGPs include noninvasive ven-
tilation (NIV) and positive airway pressure (PAP) devices, such as bilevel positive
airway pressure (BPAP), continuous positive airway pressure (CPAP), and high-
flow nasal prone (HFNP). The latter two showed limited dispersion and provided a
good mask fitting (Hui et al. 2019).

23.2 Importance of Obstructive Sleep Apnea Treatment

Obstructive sleep apnea (OSA) is a prevalent chronic sleep-related disorder esti-
mated to affect 3–7% of adult males and 2–5% of adult females in Western countries
(Lindberg 2010). Worldwide, OSA prevalence has been estimated to be 936 million
with mild-to-moderate disease and 425 million with moderate-to-severe OSA
(Benjafield et al. 2019). The affected population is often comorbid with diseases
such as hypertension, diabetes mellitus, heart failure, and atrial fibrillation, which
similarly causes worse COVID-19 infection-related outcomes (Chen et al. 2020);
moreover, even treated OSA has shown to be associated with a risk of mortality on
day 7 of admission to hospital due to COVID-19 (Cariou et al. 2020). This risk
demarcates the importance of ensuring proper OSA management.

The management of OSA has been affected by the COVID-19 pandemic, given
concerns for aerosolizing risks among individuals using PAP at home. The WHO
and the Centers for Disease Control (CDC) both acknowledged the risk of COVID-
19 transmission with PAP use early at the beginning of the current pandemic (CDC
2022; WHO 2022). In May 2020, the Canadian Thoracic Society recommended
balancing the risks and benefits of continuing PAP therapy in individuals with
suspected or confirmed COVID-19 infection taking into account cohabitation status
and OSA severity.
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23.3 Impact of the COVID-19 Pandemic on the Diagnosis
and Management of Sleep-Related Breathing Disorder

From the beginning of the COVID-19 pandemic in March 2020, several countries
have observed the impact of the pandemic in the modes of health care in order to
shift resources to care for critically ill individuals (ACS 2020) and to mitigate the
risk of COVID-19 infection spread. Worldwide, primary care centers have
transitioned to a remote care model with only selected in-person medical visits to
optimize medical staff and protective equipment (PPE) distribution while protecting
high-risk individuals with medical comorbidities from infection (Kendzerska et al.
2021).

The diagnosis and management of SRBD and PAP therapy use and prescription
have been altered since the pandemic. Regarding the diagnosis of new SRBD, the
use of sleep study methods has varied, and the availability has possibly decreased
since the beginning of the pandemic. For example, in sleep centers across Europe, a
questionnaire study showed a sharp decrease in in-lab diagnostic polysomnography
(PSG) from 92.5% to 20.0% ( p < 0.001) as well as a decrease in at-home
polygraphy for the diagnosis of SRBD from 87.5% to 32.5%. Telemedicine-based
SRBD diagnosis decreased from 30.0% to 27.5%; this shift in diagnostic approach
happened during the first 1–2 months of the COVID-19 pandemic and may have
been explained by the closure of centers that provided diagnostic services (Grote
et al. 2020).

Conversely, in the UK, a study comparing diagnostic approaches for SRBD in
sleep centers showed no significant change in their use. The study took place
comparing 5 months after the beginning of the pandemic (July–August 2020) to
the same time a year prior and showed that at-home PSG decreased marginally from
61.0% to 57.8%; laboratory PSG/polygraphy increased from 13.7% to 16.2%, and
pulse oximetry increased from 22.9% to 23.1%; however, this increase was not
significant ( p = 0.59) (Turnbull et al. 2022).

The prescription of PAP therapy has been shown to decrease during the pan-
demic. For example, the study performed in Italy reported different aspects of care in
individuals admitted to a rehabilitation facility with several respiratory conditions,
including SRBD. A reduction was seen in the prescriptions for PAP for all individ-
uals with respiratory conditions from 25.4% in the pre-pandemic era to 16.2% during
the pandemic; this was felt secondary to a decrease in indication for PAP during the
first year after the beginning of the pandemic (March 2020–March 2021) compared
to the same time a year before (Vitacca et al. 2021). Earlier in the pandemic, across
various sleep centers in Europe, in-lab titrations decreased significantly for CPAP
and BiPAP during the first 1–2 months of the COVID-19 pandemic (from 90.0% to
17.5% for CPAP titrations and from 87.5% to 17.5% for BiPAP, p < 0.001).

Lastly, in the UK, Turnbull et al. described three different PAP therapy initiation
methods after the COVID-19 first wave (July–August 2020) in eight sleep centers;
these included (a) face-to-face (F2F) with a PAP machine turned on, (b) F2F with a
PAP machine turned off, and (c) entirely remote setup. Expectedly, it was found that



face-to-face PAP titration with the machine turned on decreased by 97.80%, from
98.9% to 1.1%. The alternative methods were F2F titration with a PAP machine
turned off, which was used in 71.1% of the individuals, and the entirely remote setup
used in 27.9% (Turnbull et al. 2022).
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In-person sleep clinic follow-up appointments were also limited in Europe during
the first year of the pandemic. Specifically, in-person follow-up appointments
decreased by 75% because they were mainly performed via phone calls, and
ambulatory titration decreased by the same percentage because of telemonitoring
(Grote and McNicholas 2020). In the UK, telephone follow-up visits increased from
21% to 88% 4 months after the beginning of the pandemic ( p < 0.0001) (Turnbull
et al. 2022).

23.4 Positive Airway Pressure Use During the COVID-19
Pandemic

The use of PAP therapy has been studied since the pandemic using subjective (self-
reported) (Thorpy et al. 2020; Batool-Anwar et al. 2020; Kendzerska et al. 2022) or
objective (electronic monitoring) (del Campo et al. 2020; Fidan et al. 2021; Pepin
et al. 2021) measures.

PAP therapy use has varied during the COVID pandemic across different coun-
tries (Table 23.1). Initially, during the first month since the beginning of the
pandemic (March–April 2020), studies conducted in France and Spain showed an
increase in PAP usage (del Campo et al. 2020; Pepin et al. 2021). A study conducted
in the United States during the same time period demonstrated no change in PAP use
(Batool-Anwar et al. 2020). Specifically, Pepin et al., who measured PAP use
objectively and longitudinally in a large study (March–April 2020), found that the
PAP use per night increased from 394 min (interquartile range [IQR], 305–458) to
414 min (IQR, 324–479). Notably, it was found that the subgroup with the lowest
PAP use before the pandemic demonstrated the most marked improvement. In the
same study, an increase in PAP use was seen more in men as compared to women
(absolute difference, 7.6 min (95% CI, 3.3–11.6 min), p < 0.01) (Pepin et al. 2021)
(Table 23.1). Interestingly, a mixed regression model demonstrated a 20.2-min
increase in PAP use after the lockdown among individuals 65–75 years old com-
pared to those under 65 years, and a 10.3-min increase among individuals over
75 years compared to those under 65. Overall, the interaction between age and
assessment period was significant ( p < 0.01) (Pepin et al. 2021). Furthermore,
during the first month in France, areas with a higher COVID-19 infection burden
were not significantly associated with changes in PAP use (Pepin et al. 2021). A
study conducted in Spain demonstrated that CPAP use significantly increased during
the first month (March–April 2020) since the pandemic from 75.1% to 79.5%
(p < 0.0001); moreover, 27% of patients who were noncompliant prior became
compliant during this period (del Campo et al. 2020).
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A study conducted in the United States demonstrated that PAP use, measured
subjectively, did not significantly change during the first month of the pandemic
(5.97 ± 1.9 vs. 5.87 ± 2.1 h/night) (Batool-Anwar et al. 2020). Interestingly, in this
survey study, although the number of hours of PAP use did not change, individuals
reported an increased incidence of insomnia, which may have been associated with
anxiety associated with the pandemic (Batool-Anwar et al. 2020). Similarly, in the
US telephone survey study conducted during the first 2 months since the
pandemic (March–April 2020) by Thorpy et al., there was no significant difference
in PAP use: only 11% of individuals stopped using PAP, with the larger proportion
of individuals with the COVID-19-positive test. The survey demonstrated concerns
around COVID-19 and OSA therapy; 38% of individuals reported being concerned
about getting COVID-19 infection while having SRBD, 29% reported thinking that
they were at a higher risk of acquiring COVID-19 infection due to their SRBD, and
63% were concerned about COVID-19-related severe complications (Thorpy et al.
2020).

Lastly, a survey study conducted in North America (April 2020–January 2021)
showed that the majority of individuals continued PAP therapy during the pandemic,
and only 7.2% of all responders stopped PAP (Kendzerska et al. 2022).

Since the beginning of the pandemic, PAP prescription and initiation may have
been affected by limited access to PAP titration studies and the introduction of
remote setup. Turnbull et al. evaluated PAP use in the 30 nights preceding the first
follow-up visit within 5 months since the start of the pandemic (July–August 2020).
Remote PAP setup showed a significantly lower PAP use compared to F2F setup (-
0.6 h/night, 95% CI -1.1 to -0.1, p = 0.03) (Turnbull et al. 2022). This suggests
that F2F setup may be essential to promote PAP initiation and use.

23.5 Positive Airway Pressure Use During Active
COVID-19 Infection

In the United States, a survey study from April to May 2020 found that 10 out of
112 individuals with OSA contracted COVID-19 infection (Table 23.1). Two of ten
individuals who tested positive for COVID-19 increased their PAP use during the
early stages of their illness; however, six of ten stopped PAP use due to shortness of
breath; the individuals with OSA affected by the infection had several comorbidities
including obesity (100%), diabetes mellitus (30%), cardiovascular disease (80%),
and asthma (20% of the cases) (Thorpy et al. 2020). A survey study performed in
North America (April 2020–January 2021) reported that 32% of the individuals who
continued PAP therapy had >3 symptoms associated with COVID-19 compared
with 43.9% of the patients who stopped PAP therapy. Further, among individuals
who continued PAP therapy, 6% reported getting tested for COVID-19 vs. 15%
among those who stopped PAP therapy. However, there was no statistical



significance between contracting COVID infection and PAP usage (OR= 0.96; 95%
CI 0.37–2.49; p = 0.94) (Kendzerska et al. 2022).
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Finally, a small study was performed in January 2021 in Turkey, where cases
with COVID-19 infection were included, and the alteration of auto-PAP levels was
assessed objectively 1 month post-illness showing an increase in average auto-CPAP
95thpp (from 8.6 to 9.8 cm H2O, p < 0.01) and median CPAP pressure (from 7.5 to
8.2 cm H2O, p < 0.01). There was no change in the residual apnea-hypopnea index
(AHI) on the auto-titrating CPAP (3.6 vs. 3.8 events per hour, p= 0.27) (Fidan et al.
2021). In contrast, Del Campo et al. demonstrated a modest but significant increase
in residual AHI since the pandemic in individuals who were compliant with CPAP
(1.57 vs. 1.63, p < 0.01) (del Campo et al. 2020).

23.6 Risk Factors Associated with Reduced Use of Positive
Airway Pressure During the Pandemic

Subjective measured PAP use reduction has been reported during active COVID-19
infection; a small study observed that 60% of the individuals reported stopping PAP
use during their illness due to respiratory symptoms and difficulty breathing (Thorpy
et al. 2020). Depression was associated with low PAP use during the pandemic
(p = 0.02) (del Campo et al. 2020), and similarly, a high level of stress was
significantly associated with stopping PAP since the pandemic (OR = 1.13,
95% CI: 1.02–1.25, p = 0.016) (Kendzerska et al. 2022) (Table 23.1). Cohabitation
with a person tested positively for COVID-19 infection was associated with a
decrease in PAP use (OR = 3.05, 95% CI: 1.00–9.31, p = 0.049) (Kendzerska
et al. 2022), which speaks about the lack of information available for patients on this
topic.

Finally, healthcare delivery setup plays an important role in PAP use. A study
conducted in July–August 2020 has shown a significant decrease in PAP use during
the pandemic associated with entirely remote PAP setup with telemonitoring follow-
up (Turnbull et al. 2022).

23.7 Conclusion

The use of PAP therapy in SRBD has been affected during the COVID-19 pandemic.
This could be explained by the uncertainty at the beginning of the pandemic and the
precautious measures that took place after. Despite concerns about PAP use related
to an increasing spread of COVID-19 infection, PAP use has not changed and has
even potentially increased during the pandemic. We attribute this increase to fear of
contracting the COVID-19 infection or having greater medical complications if they
were to get COVID-19 infection due to the presence of SRBD, as untreated SRBD



has been associated with poor outcomes in patients contracting the infection. In
addition, individuals with SRBD expressed concerns about COVID-19 because of
their associated comorbidities. However, even a small proportion of individuals who
stopped using PAP since the pandemic cannot be ignored. It is important to note that
individuals at risk of reducing PAP therapy use have a higher burden of mental
comorbidities, such as higher stress levels and depression; moreover, remote PAP
initial setup and living with someone with COVID-19-related symptoms placed
individuals at risk of reducing their PAP use. These risk factors also place individ-
uals with untreated SRBD at a higher risk of poor outcomes in COVID-19 infection.
Critically, lower CPAP usage was found in individuals newly started on CPAP after
the first wave of the pandemic. Conversely, the male gender and age older than
65 years old were associated with increased PAP use compared to their female and
younger counterparts. Further research is needed to identify populations at risk of
reducing PAP use and target education strategies, as well as to investigate the
effectiveness of PAP therapy in preventing complications of COVID-19.
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Chapter 24
Melatonin’s Benefits as a Treatment
for COVID-19 Pandemic and Long COVID

Daniel P. Cardinali, Gregory M. Brown, and S. R. Pandi-Perumal

Abstract Melatonin has been recognized for its therapeutic potential as a
chronobiotic cytoprotective drug to combat the effects of COVID-19 infection.
Melatonin may be unique in mitigating the symptoms of SARS-CoV-2 infection
due to its wide-ranging actions as an antioxidant, anti-inflammatory, and immuno-
modulatory chemical. Furthermore, melatonin is an efficient chronobiotic drug in
treating delirium and reversing the circadian disturbance caused by social isolation.
Melatonin is a cytoprotector that helps to treat various comorbidities, including
diabetes, metabolic syndrome, and ischemic and nonischemic cardiovascular dis-
ease, all of which increase COVID-19 illness. As the COVID-19 pandemic con-
tinues, it has become known that clinical sequelae and symptoms for a considerable
number of patients may linger for weeks to months beyond the acute stage of SARS-
CoV-2 infection (long COVID). Based on indications of neurological sequelae in
COVID-19-infected individuals, there is another possible use of melatonin based on
its documented neuroprotective properties. Melatonin is an excellent agent for
controlling cognitive deterioration (brain fog) and pain in myalgic encephalomyelitis
(i.e., chronic fatigue syndrome); therefore, its therapeutic importance for the neuro-
logical consequences of SARS-CoV-2 infection should be investigated.
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24.1 Introduction

The pathological responses to acute respiratory syndrome coronavirus type
2 (SARS-CoV-2) infection range from asymptomatic to severe respiratory and
multiple-organ failure. Clinical studies in highly infected patients show that
increased inflammation, a weakened immune system, and an active cytokine storm
with positive feedback loops controlling cytokine production overpower counter-
regulatory systems (Aimrane et al. 2022; Merad et al. 2022; Lyra e Silva et al. 2022).

The COVID-19 pandemic’s repercussions are catastrophic. Over 532 million
persons worldwide have had proven infection with (SARS-CoV-2) virus as of
June 6, 2022, and over 6.2 million have died (Center for Systems Science and
Engineering (CSSE) 2022). Although the SARS-CoV-2 virus has a higher attraction
for lung tissue, clinical and experimental research has revealed that the coronavirus
family has also a strong affinity for the central nervous system (Ahmad et al. 2022).
Neurological symptoms such as headache, dizziness, memory loss, lack of concen-
tration, myalgia, and anosmia have been reported in COVID-19 patients, as have
cases of encephalopathy, encephalitis, hemorrhagic necrotizing encephalopathy,
stroke, epileptic seizures, and rhabdomyolysis associated with SARS-CoV-2 infec-
tion. Long-term consequences include weariness, cognitive issues (especially mem-
ory loss), persistent fever, myalgia, muscular weakness, and shortness of breath
(particularly on exertion) (Hope and Evering 2022).

Increasingly, vaccinated individuals are being diagnosed with COVID-19
because of breakthrough SARS-CoV-2 infection. In a study of 33,940 individuals
with breakthrough SARS-CoV-2 infection and several controls of people without
evidence of SARS-CoV-2 infection at 6 months after infection, people with
breakthrough SARS-CoV-2 infection exhibited a higher risk of death and incident
post-acute sequelae, including cardiovascular, coagulation and hematologic, gastro-
intestinal, kidney, mental health, metabolic, musculoskeletal, and neurologic disor-
ders (Al-Aly et al. 2022). Persons with breakthrough SARS-CoV-2 infection had
reduced odds of mortality and incident post-acute sequelae than people with SARS-
CoV-2 infection who had not previously been vaccinated. The authors of the study
concluded that immunization before infection provides only limited protection in the
post-acute phase of COVID-19 illness and that a single mitigation technique may not
diminish the long-term health implications of SARS-CoV-2 infection optimally
(Al-Aly et al. 2022).

These findings highlight the need of continuing to optimize options other than
vaccinations for the primary prevention of SARS-CoV-2 infection. Melatonin, an
effective chronobiotic/cytoprotective chemical, has been recommended as a therapy
from the onset of the COVID-19 epidemic (Acuña-Castroviejo et al. 2020; Simko
et al. 2020; Reiter et al. 2020; Cardinali 2020; Artigas et al. 2020). The justification
of its use derived not only from its high-security profile, but also from its multiple
beneficial effects in experimental and clinical studies related to pandemic. Melatonin
(a) prevents SARS-CoV-2 infection; (b) is suitable as an effective anti-inflammatory/
immunoregulatory/antioxidant agent; (c) counteracts chronodisruption; (d) combats



several COVID-19 comorbidities such as diabetes, metabolic syndrome, and ische-
mic and nonischemic cardiovascular diseases; (e) exerts a neuroprotective effect in
acutely and chronically affected SARS-CoV-2 patients; and (f) can be an adjuvant to
potentiate anti-SARS-CoV-2 vaccines (Cardinali et al. 2020). Melatonin has a
unique multifaceted therapeutic potential that exists for no other therapeutic medi-
cation candidate for COVID-19 pandemic.
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However, neither the government nor the pharmaceutical industry has expressed
an interest in its usage. Considering the quantity of scientific/medical studies that
have suggested its usage, the inability of melatonin to garner attention as a viable
therapy is disheartening. More than 180 papers on pubmed.gov have examined the
use of melatonin as a safe and potentially effective therapy for the COVID-19
pandemic since its inception (PubMed 2022). This might be due to several factors,
including the fact that no influential organization has promoted its therapeutic use for
this condition. Melatonin is non-patentable and cheap; therefore, the pharmaceutical
business has little motive to encourage its usage. Meanwhile, several potentially
harmful and costly medications have been repackaged as therapies for this disease
(Castle et al. 2021).

In this review, we discuss this subject paying particular attention to the potential
use of melatonin in long COVID. As such, we further extend the hypothesis (Jarrott
et al. 2022) that melatonin, by activating the expression of enzymes that synthesize
intracellular glutathione, will quench toxic free radicals in long COVID.

24.2 Mechanism of Action of Melatonin in Acute
SARS-CoV-2 Infection

24.2.1 Virus Entrance and Replication

Melatonin inhibits viral entry and replication of the SARS-CoV-2 virus (Reiter et al.
2022b; Tan and Reiter 2022). SARS-CoV-2 entry into cells is mediated by
angiotensin-converting enzyme 2 (ACE2), transmembrane protease serine
2 (TMPRSS2), and metalloproteinase 17 (ADAM17) (Zlacká et al. 2021). SARS-
CoV-2 entry into cells is mediated by angiotensin-converting enzyme 2 (ACE2),
transmembrane protease serine 2 (TMPRSS2), and metalloproteinase 17 (ADAM17)
(Shukla et al. 2015) and allosterically binds to human ACE2 of endothelial cells
causing it to change shape (Cecon et al. 2022). Melatonin also reduces the increased
activation of CD147 (another SARS-CoV-2 entry receptor) (Sehirli et al. 2020).

Another possible way melatonin may regulate the entrance of virus to the cell is
via binding and inhibition of calmodulin (CaM) (Benítez-King et al. 1993, 1996).
CaM modulates the surface expression and retention of ACE2 in the plasma mem-
brane, and CaM inhibitors increase ACE2 ectodomain release by diminishing the
interaction between CaM and ACE2 (Lambert et al. 2008). Melatonin may thus be

http://pubmed.gov


considered an indirect inhibitor of ACE2-CoV-2 interaction during viral particle
fusion.
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In terms of SARS-CoV-2 virus replication, cell machinery initiates the protein
translation mechanism at the ribosome level, and a viral polyprotein including all
structural and enzymatic proteins required to make new viruses is produced (Zhang
and Yang 2022). The viral polyprotein is selectively split into smaller fragments by
specific proteases (Mpro), with these fragments being used for virus replication.
SARS-CoV-2 Mpro is an enzyme conserved among the coronavirus species. By
using silico tools to identify new SARS-CoV-2 Mpro inhibitors, molecular docking
studies described the binding sites and the interaction energies of 74 ligand com-
plexes (Feitosa et al. 2020). Inhibition of Mpro by nirmatrelvir (Paxlovid™, Pfizer)
results in the termination of virus replication. Paxlovid reduces the hospitalization
and death by 89% in the mild to moderately severe COVID-19 patients (Hammond
et al. 2022). Melatonin, like Paxlovid, is found in the catalytic region of Mpro and
binds to the catalytic amino acid residues C145 and H41 (Feitosa et al. 2020). Thus,
melatonin may function as a Mpro inhibitor with high efficiency.

The indirect evidence of possible antiviral action of melatonin helps to explain the
results obtained in a study monitoring 11,672 patients with a statistical model that
predicted infection by COVID-19 (Jehi et al. 2020). Males, African American, older
patients, and those with known COVID-19 exposure were at higher risk of being
positive for COVID-19, while the risk was reduced in those who were on melatonin,
paroxetine, or carvedilol treatment. However, a low daily dose of melatonin (2 mg)
did not reduce mortality in adult hospitalized patients with COVID-19 (Sánchez-
Rico et al. 2022) nor was effective as a prophylactic treatment for prevention of
SARS-CoV-2 infection among healthcare workers (García-García et al. 2022).

Possibly, higher doses of melatonin are needed. For example, in a retrospective
cross-sectional study of data from a closed population of 110 old adult patients
treated with melatonin (mean daily dose: 46 mg) for at least 12 months prior to the
availability of COVID-19 vaccination, there was no death in face of a lethality rate of
10.5% in the local population of elders suffering from acute COVID-19 (Valiensi
et al. 2022). Indeed, animal studies support the use of high doses of melatonin to
prevent infection in murine COVID-19 models (Cecon et al. 2022). From several
animal studies, the potential human equivalent dose (HED) of melatonin for a 75 kg
adult was calculated by allometry (Cardinali 2019a). Allometry is commonly used
for determining the doses for Phase I human clinical drug trials (Reagan-Shaw et al.
2008). Noteworthy, theoretical HED doses (50–100 mg) calculated from animal
studies for melatonin ranged from 2 to 3 orders of magnitude greater than those
commonly employed in humans.

24.2.2 Cytokine Storm

Although SARS-CoV-2 infection is commonly thought to be a respiratory disease,
the repercussions of this virus extend beyond the respiratory system (Bahmani et al.



2022). This disease eventually becomes systemic, resulting in severe sepsis or septic
shock and multiple-organ failure, which can lead to death in individuals infected
with the SARS-CoV-2 virus (Eskandarian Boroujeni et al. 2022). Sepsis can be
caused by a viral, bacterial, or fungal infection, and from a pathophysiological
standpoint, the damage to various organs and the patient’s systemic collapse have
the same source, a cytokine storm and hyperinflammation with enhanced oxidative
damage (Montazersaheb et al. 2022).
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The use of melatonin has been proposed to mitigate cytokine storm in SARS-
CoV-2 infection (Zhang et al. 2020b; Kleszczyński et al. 2020; Reiter et al. 2022b;
Tan and Reiter 2022). Melatonin, a methoxyindole present in all forms of life with
aerobic respiration and whose primary function is cytoprotection, has anti-
inflammatory, antioxidant, and immunostimulant effects (Maestroni 2000; Anderson
et al. 2015) and is an extremely potent neuroprotective agent (Cardinali 2019b).
Melatonin has anti-inflammatory properties via a variety of mechanisms (Reynolds
and Dubocovich 2021). Sirtuin-1, for example, decreases macrophage polarization
toward the proinflammatory type (Hardeland 2018). The anti-inflammatory effect of
melatonin also includes the suppression of nuclear factor (NF)-κB activation (Shang
et al. 2009; da C Pedrosa et al. 2010) and the stimulation of nuclear erythroid
2-related factor 2 (Nrf2) (Ahmadi and Ashrafizadeh 2020). Inflammation is com-
monly associated with elevated production of cytokines and chemokines. Melatonin
reduces proinflammatory cytokines [tumor necrosis (TN)F-α, interleukin (IL)-1β,
IL-6, and IL-8] while increasing anti-inflammatory cytokines such as IL-10
(Habtemariam et al. 2017; Hardeland 2018).

Melatonin has significant antioxidant and scavenging effects on free radicals in
both the cytoplasm and the cell nucleus that are mainly independent of receptors
(Manchester et al. 2015). These effects are exerted in three ways: melatonin is a free
radical scavenger; it is converted to molecules with high antioxidant activity, and it is
an indirect antioxidant, stimulating the production of antioxidant enzymes while
inhibiting the synthesis of prooxidant enzymes (Galano et al. 2011). In addition,
several antiapoptotic and cytoprotective effects of melatonin are exerted under
conditions of ischemia (unrelated to free radicals) and can be attributed to the
stabilizing activity of the mitochondrial membrane (Reiter et al. 2018).

The shift of the metabolic profile of activated immune cells from mitochondrial
oxidative phosphorylation to cytosolic glycolysis (Warburg effect) is a
distinguishing hallmark of septicemia, independent of whether caused by a virus
or fungus (Bar-Or et al. 2018). The main exponent of the change in the oxidation of
mitochondrial glucose (positive regulation of pyruvate metabolism in the cytosol) is
often accompanied by the stimulation of the hypoxia-inducible factor-1α (HIF-1α)
and the activation of NF-κB and other transcription factors that promote inflamma-
tion (Tian et al. 2021). M2 anti-inflammatory macrophages in COVID-19 patients
are changed into M1 proinflammatory cells, which, together with other immune cells
that undergo a similar transformation, contribute to the cytokine storm. In this
context, melatonin can reduce the damage resulting from sepsis mediated by
COVID-19 through different mechanisms, i.e., by mitigating the production of
HIF-1α (Owczarek et al. 2020), by suppressing NF-κB (Moniruzzaman et al.



2018), by inhibiting NLRP3 inflammasome (Saha et al. 2022), and by transforming
proinflammatory macrophages M1 into anti-inflammatory macrophages M2 while
reversing the Warburg-type metabolism (Reiter et al. 2021). The discovery of a
correlation between circulating secreted phospholipase-A2 (Group IIA) and severity
of COVID-19 disease (Snider et al. 2021) prompted the consideration of cycloox-
ygenase inhibition by melatonin (Cardinali et al. 1980; Deng et al. 2006) as another
potential mechanism by which the methoxyindole inhibits viral infection.
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Melatonin, as a result, possesses a set of unusually diverse abilities and is
endowed with unique properties to suppress events associated with
hyperinflammation, exacerbated oxidative stress, mitochondrial dysfunction,
and/or metabolic reprogramming, all of which are common pathophysiological
mechanisms in people acutely infected with SARS-CoV-2. Melatonin medication
might reduce the severity of SARS-CoV-2 infections by reducing the intensity of
symptoms, reducing the requirement for hospitalization, minimizing the hospital
admission period, removing the need for mechanical intubation, and decreasing the
rate of fatality.

24.3 Melatonin in the ICU

In diseases showing an important level of inflammation, the application of melatonin
showed promising results with strong attenuation of circulating cytokine levels. This
was documented in patients with diabetes mellitus and periodontitis (Bazyar et al.
2019) and severe multiple sclerosis (Sánchez-López et al. 2018). In the acute phase
of inflammation, during surgical stress (Kücükakin et al. 2008), cerebral reperfusion
(Zhao et al. 2018), or reperfusion of the coronary artery (Shafiei et al. 2018),
treatment with melatonin reduced the level of proinflammatory cytokines.

According to the COVID-19 clinical reports, patients with severe infection have
an increased risk of sepsis and cardiac arrest (Chen et al. 2020; Huang et al. 2020).
The available information indicates that the application of melatonin can improve
septic shock through inhibition of the NLRP3 inflammasome pathway (Volt et al.
2016). Specifically, melatonin has a preventive effect against sepsis-induced kidney
damage, septic cardiomyopathy, and liver damage (Dai et al. 2019; Chen et al. 2019;
Zhang et al. 2020a). Melatonin has also been reported as beneficial in patients with
myocardial infarction, cardiomyopathy, hypertensive heart disease, and pulmonary
hypertension. In the ICU, deep sedation is associated with increased long-term
mortality, and the application of melatonin reduces the use of sedation and the
frequency of pain, agitation, and anxiety and improves the quality of sleep
(Lewandowska et al. 2020). Therefore, the rationale for the use of melatonin in
COVID-19 focuses not only on the attenuation of infection-induced respiratory
disorders, but also on general improvement and prevention of possible complica-
tions, like the cardiac ones.

Circadian disruption by sleep loss, like that observed in COVID-19 patients
admitted to ICU, affects every major system in the human body (Golombek et al.



2022). Several epidemiologic studies have reported associations between sleep/wake
cycle disruption and cardiometabolic disease (Chellappa et al. 2019; Grandner
2020). Sleep deprivation and poor sleep quality have also been recognized as risk
factors for cognitive decline, neurodegenerative illness, mood disorders, depression,
and other neuropsychiatric diseases (Ferini-Strambi et al. 2020; Brownlow et al.
2020).
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Several meta-analyses support the view that the chronobiotic/hypnotic properties
of melatonin are useful in patients with primary sleep disorders to decrease sleep-
onset latency and to increase total sleep time (Ferracioli-Oda et al. 2013; Auld et al.
2017; Li et al. 2019). Expert consensus reports also support such a role of melatonin
in adult insomnia (Wilson et al. 2010; Geoffroy et al. 2019; Palagini et al. 2020;
Vecchierini et al. 2020). Melatonin reduces the need for sedation in ICU patients
(Ibrahim et al. 2006; Bourne et al. 2008; Bellapart and Boots 2012; Mistraletti et al.
2015; Foreman et al. 2015; Soltani et al. 2020).

Brusco et al. (2021) employed a 9 mg melatonin dose to improve clinical
conditions and hastened recovery in a group of 37 hospitalized patients with
COVID-19 pneumonia. All patients were on corticosteroid treatment. As a compar-
ison, data from a laboratory-confirmed COVID-19 pneumonia study performed in
the New York metropolitan region were employed, considering only the subgroup of
patients under corticosteroid treatment (Majmundar et al. 2020). Patients who
received melatonin exhibited reduced length of stay (from 10.7 to 4.9 days) and
death rate (from 14.6 to 2.7%).

24.4 Clinical Trials Using Melatonin in Acute COVID-19
Disease

Three randomized controlled trials (RCTs; published before September 11, 2021)
satisfied the inclusion criteria in a meta-analysis of RCTs in which melatonin was
used as a therapy for COVID-19 (Farnoosh et al. 2021; Mousavi et al. 2022;
Alizadeh et al. 2022). The duration of the trials was either 7 or 14 days with the
total dose of melatonin being either 6 or 9 mg; 86 patients were treated with
melatonin, and 85 received placebo. The results documented that melatonin treat-
ment significantly improved the recovery rate, as well as provided evidence of a
lowered requirement for intensive care, reduced mortality, and depressed inflamma-
tion (C-reactive protein levels) compared to those given placebo (Lan et al. 2022).

These findings were consistent with the outcomes of observational studies.
Castillo and colleagues performed a case series study that included ten severely ill
COVID-19 patients given 36–72 mg melatonin daily (Castillo et al. 2020); the
melatonin-treated patients experienced a more rapid clinical improvement, reduced
requirement for mechanical ventilation, shorter duration of hospitalization, and
evidence of a lower mortality. Ramlall et al. (2020) examined the outcome of
112 COVID-19 patients who required mechanical intubation as respiratory support



and observed that those who received melatonin had a better clinical outcome
compared to those who did not receive melatonin. Sánchez-González et al. (2022)
found that melatonin treatment of seriously ill COVID-19 patients led to a reduced
mortality rate.
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A retrospective clinical trial investigated the impact of melatonin on the mortality
of COVID-diseased patients and found a significantly reduced death rate (Hasan
et al. 2022). However, a retrospective cohort study on the effects of melatonin in
COVID-19 ICU showed only marginal effect on disease-specific biochemical
parameters and a non-statistically significant reduction in mortality in melatonin-
receiving group (41%) vs. non-melatonin-receiving group (72%) (Karimpour-
razkenari et al. 2022).

In a real-time meta-analysis of 16 studies (including RTC and observational
studies) on melatonin for COVID-19 (CovidAnalysis 2022), statistically significant
improvements were seen for mortality, ventilation, and recovery. Eight studies
showed statistically significant improvements with melatonin (six for the most
serious outcome). Meta-analysis using the most serious outcome reported showed
49% [33–62%] improvement with melatonin. Results were similar for RCT and
slightly worse for peer-reviewed studies (Covid Analysis 2022). It must be noted that
in an analysis like this including controlled and observational trials, the strength of
the statistical evidence provided is weak.

The reduction in the mortality of COVID-19 patients who are treated with
melatonin is a theme seen in most of the studies that have utilized melatonin (Pilia
et al. 2022). Obviously, there is no more important endpoint than survival.

24.5 Melatonin and Long COVID

As the COVID-19 pandemic continues, it has become increasingly clear that clinical
sequelae and symptoms may persist for weeks to months beyond the acute stage of
SARS-CoV-2 infection for a significant proportion of patients. This chronic illness
has been termed post-acute sequelae of SARS-CoV-2 (PASC) infection, post-
COVID syndrome, or long COVID (Hope and Evering 2022). Patients with these
syndromes may suffer from cardiovascular, gastrointestinal, neurologic, dermato-
logic, and mucocutaneous manifestations that result from a hyperinflammatory
syndrome with persistent immune activation and dysregulation of the immune
response (Peluso et al. 2021).

Accepted guidelines define acute infection as lasting up to 4 weeks, ongoing
symptomatic COVID-19 infection as lasting up to 12 weeks, and post-COVID
syndrome as a cluster of overlapping signs and symptoms across multiple systems
that develop during or after the initial infection and last more than 12 weeks after
SARS-CoV-2 infection (Shah et al. 2021). In general, the reported incidence of
protracted COVID varies from 10% to 35% among individuals assessed or treated
for acute COVID-19 in the outpatient environment (Greenhalgh et al. 2020).
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According to research conducted by the Northwestern University’s Neuro-
COVID-19 Clinic, brain fog was the most often reported chronic (>6 weeks)
neurologic symptom among survivors (81%) who did not have a history of acute
sickness, hypoxia, or respiratory compromise (Nuzzo et al. 2021). A systematic
review assessing the prevalence of symptoms of long COVID affecting all body
systems found fatigue to be the most reported complaint (58%) (Diem et al. 2022).
For chronic trouble concentrating and attention problems, the effects on cognition
were found to be 31% and 27%, respectively. Short-term memory (32%) and
attention (27%) abnormalities were also seen in patients with brain fog.
Neuroinflammation resulting in hypometabolic lesions has been hypothesized as
one cause for chronic dysfunction following moderate COVID disease (Hugon et al.
2022).

In a study including 84,285 individuals receiving a Great British Intelligence Test
with biologically confirmed COVID-19 infection, people who had recovered,
including those no longer reporting symptoms, showed significant cognitive deficits
(Hampshire et al. 2021). Within the same dataset, the magnitude of the detected
deficiencies was similar to the average 10-year loss in worldwide performance
between the ages of 20 and 70. “Brain fog,” or disorientation, forgetfulness, inability
to focus, exhaustion, and poor mental energy, is, therefore, a developing important
consequence of COVID-19 infection (Raj et al. 2018; Wells et al. 2020). Melatonin’s
neuroprotective qualities should be considered in this perspective (Cardinali 2019b).
Cell line studies regarding Alzheimer’s disease (AD) and melatonin have delineated
important melatonin-mediated mechanisms in AD prevention. For comprehensive
reviews on melatonin activity to reverse disrupted signaling mechanisms in
neurodegeneration, including proteostasis dysfunction, disruption of autophagic
integrity, and anomalies in the insulin, Notch, and Wnt/β-catenin signaling path-
ways, see reviews by Jeong (2017), Corpas et al. (2018), Shukla et al. (2019),
Rehman et al. (2019), and Abramov et al. (2020).

In transgenic models of AD, results are compatible with the view that melatonin
regulates amyloid-β (Aß) metabolism mainly at the initial phases of the pathological
process (see for ref. Cardinali 2019c). From the doses of melatonin used in these
different transgenic models, the HED of melatonin for a 75 kg adult could be
calculated as ranging from 2 to 3 orders of magnitude greater than those usually
employed in humans (Cardinali 2019c).

The exact mechanism by which melatonin inhibits the production of Aβ is
unknown. Melatonin interacts with Aß40 and Aß42, inhibiting progressive sheet
and/or amyloid fibrils, an interaction that appears to be dependent on structural
melatonin features rather than antioxidant capabilities (Pappolla et al. 1998). Via
blockage of formation of secondary sheets, melatonin may facilitate peptide clear-
ance by increasing proteolytic degradation.

Aß-induced neurotoxicity and cell death involve oxidative stress, and melatonin
effectively protects cells against it in vitro (Feng and Zhang 2004) and in vivo (Furio
et al. 2002; Shen et al. 2002). Melatonin was found to protect against Aβ toxicity,
particularly at the mitochondrial level. Melatonin effectively inhibits tau



hyperphosphorylation in N2a and SH-SY5Y neuroblastoma cells through influenc-
ing protein kinases and phosphatases (Deng et al. 2005; Xiong et al. 2011).
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Melatonin treatment to AD transgenic mice increases Aβ glymphatic clearance
(Pappolla et al. 2018; Reiter et al. 2022a). Relevant to this, melatonin is known to
preserve slow-wave sleep in patients (Duffy et al. 2022). During sleep, the elimina-
tion of Aβ peptides increases considerably (Boespflug and Iliff 2018). Thus, the
sleep disturbance found as a comorbidity in AD may contribute to the development
and progression of the disease via a failure of Aβ clearance.

Another factor in the pathogenesis of AD is the activation of microglia with the
consequent increased expression of proinflammatory cytokines, epidemiological
studies suggesting that the use of anti-inflammatory drugs may decrease the inci-
dence of AD (Tan et al. 2019). Melatonin attenuated the microglial production of
proinflammatory cytokines induced by Aß, NF-kB, and nitric oxide (Rosales-Corral
et al. 2003).

Two meta-analyses endorsed the view that melatonin therapy is effective in
improving sleep in patients with dementia (Zhang et al. 2016; McCleery and
Sharpley 2020). An analysis of published data of the use of melatonin in the early
stages of cognitive decline consistently showed that administration of melatonin,
every night before retiring, improves the quality of sleep and cognitive performance
in this phase of the disease (see for ref. Cardinali 2019b). In one of our laboratories, a
retrospective analysis of 25 patients with minimal cognitive impairment (MCI), who
in the past 3 years had received a daily dose of 3–9 mg of melatonin along with their
usual medication, was performed. Compared to an untreated group, melatonin-
treated patients significantly improved cognitive and emotional performance and
quality of sleep/wake rhythm (Furio et al. 2007). Another series of 96 outpatients
with a diagnosis of MCI, 61 of whom had received 3–24 mg of melatonin daily for
15–60 months, was reported (Cardinali et al. 2012). Patients treated with melatonin
showed a significantly better performance in various neuropsychological tests. They
also had lower scores in the Beck Depression Inventory concomitantly with
improvement in the quality of sleep and wakefulness. Therefore, melatonin treat-
ment can be effective in the early stages of neurodegenerative disease, as brain fog in
long COVID patients is.

Another prominent neurologic consequence reported in long COVID patients is
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). ME/CFS is a
multisystemic condition with devastating and often lifelong symptoms (Renz-Polster
et al. 2022). It is a common and disabling disorder primarily characterized by
persistent fatigue and exercise intolerance, with associated sleep disturbances, auto-
nomic dysfunction, and cognitive problems. Most commonly, the disorder develops
in the aftermath of acute infections, predominantly from viruses, e.g., Epstein-Barr
virus, SARS coronavirus, influenza virus, Ebola virus, enteroviruses, and others. A
yet undefined proportion of persons with long COVID is predicted to also meet the
criteria of ME/CFS, which may significantly add to the global disease burden (van
Campen et al. 2021; Komaroff and Lipkin 2021).

Given the prominence of activity and sleep problems in ME/CFS, circadian
rhythm disruption has been examined as a contributing factor. It has been proposed



that disrupted transforming growth factor-β (TGF-β) signaling in ME/CFS plays a
role in disrupting physiological rhythms in sleep, activity, and cognition, leading to
the insomnia, energy disturbances, cognition problems, depression, and autonomic
dysfunction associated with ME/CFS (McCarthy 2022). As a result, treatment with a
chronobiotic/cytoprotective drug such as melatonin is particularly suited to the
pathophysiology of ME/CFS (Cardinali 2019c).
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A proinflammatory state, increased oxidative and nitrosative stress, disruption of
gut mucosal barriers, and mitochondrial dysfunction together with dysregulated
bioenergetics have been identified in ME/CFS, and melatonin has been proposed
as an effective therapy to control this pathological process (Morris et al. 2019). The
beneficial effects of melatonin on fibromyalgia (associated commonly with
ME/CSF) have been documented (Hemati et al. 2020).

24.6 Conclusions

In an analysis of 27 publications related to the ability of drugs to successfully treat
COVID-19, the authors concluded that melatonin is at least twice as effective as
remdesivir or tocilizumab in reducing the inflammatory markers of a coronavirus
2019 infection (Castle et al. 2021). Both remdesivir (Veklury®) and tocilizumab
(Actemra®) are FDA-authorized for use to treat select COVID patients suffering
with a severe infection; both drugs have notable side effects and are given intrave-
nously (Takahashi et al. 2020). In contrast, melatonin has a high-safety profile and
can be taken orally or administered by any other route.

Additionally, although this chapter considers melatonin as a sole treatment for
SARS-CoV-2 infections, it has also been suggested as a co-treatment with vaccines
to improve their efficacy (Cardinali et al. 2021; Lee and Glickman 2021) and in
combination with other drugs (Castle et al. 2021); this latter suggestion would be
especially applicable when the medications have different but complementary
mechanisms of action to those of melatonin.

In critical situations, such as an Ebola outbreak or a COVID-19 pandemic, it is
ethical to use all accessible and safe medicines, even if their usefulness has not been
fully demonstrated, especially if the therapy has no major adverse effects. Indeed,
given the huge number of deaths caused by SARS-CoV-2 infections throughout the
world, it may be immoral not to take advantage of any possibly safe therapies,
especially if the vaccinations become less effective as the virus continues to evolve.
People who are vulnerable and may become infected with such diseases should not
have to wait for the development of a new vaccine, which might take months or
years, during which many people die. Currently, there are ten clinical trial studies
reported in Clinicaltrials.gov database proposing melatonin (nine studies) or a
melatonin agonist (one study) for COVID-19 treatment in mild to moderate (four
studies), or severe hospitalized (four studies), or as a prophylactic indication (one
study). Except for two randomized, double-blind, placebo-controlled studies using
melatonin in COVID-19 outpatients, all the clinical trials listed are testing in
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combination drug therapy and in low doses. Well-controlled and powered clinical
trials are therefore needed to test the hypothesis that melatonin is safe and efficacious
to treat COVID-19 and its sequelae.
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Chapter 25
Overview and Trends on Sleep
and COVID-19 Publication Output

Gabriel Natan Pires and Sergio Tufik

Abstract The emergence of the COVID-19 pandemic led researchers and scientists
from many different fields to generate a surmount amount of data, which eventually
was published, becoming available, to both the health professionals and to the
society. However, the body of knowledge continued growing in an unprecedented
way. A condition of “infodemic” was characterized, referring to the growth in the
available information following epidemic patterns. Likewise, the publication output
of sleep medicine was subjected to important adaptations, which include the number
of articles published, the research methods employed, and the motivations of
researchers to publish. This chapter describes the publication output of sleep-related
research during the pandemic.

Keywords COVID-19 · Bibliometrics · Infodemic · Meta-research · Sleep

25.1 Introduction

The emergence of the COVID-19 pandemic brought uncertainties to many areas of
the society, especially into medicine and health sciences. At a fast pace, a disease
until unknown spread rapidly through people and countries. Very limited informa-
tion was available regarding the etiological factor, its infectious potential, epidemi-
ology, prognosis, outcomes, risk factors, prevention, and treatment.

In face of such insecurity, researchers and scientists all over the world have had to
devote enormous efforts to understand the virus, the disease, and the pandemic as
fast as possible, in a way never seen before. That happened in many fields of
research: virologists and molecular biologists were focused on understanding better
the virus and its structures, immunologists devoted their efforts to develop vaccines,
clinical researchers observed and described the disease progression and its
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prognosis, epidemiologists monitored the spread of the disease and their popula-
tional parameters, and psychologists and psychiatrists described the behavioral and
psychopathological consequences of social isolation policies. This just to name a
few, among several other classes of professionals involved in the response to the
pandemic. All of them left their homes, exposed themselves to the unknown, and
took the risks, all for the sake of science, knowledge, and public good.
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That massive global scientific effort obviously generated a surmount amount of
data, which eventually was published, becoming available, to both the health pro-
fessionals and to the society. Eventually, the process of generating information grew
faster than the spread of the disease, being able to foresee it, improving prediction
and prevention. However, the body of knowledge continued growing in an unprec-
edented way (Lou et al. 2020; Škorić et al. 2020; Kambhampati et al. 2020; Gale
2020). In most areas of research, the number of published articles about COVID-19
was so high, which was impossible to keep updated. This condition has been named
as “infodemic,” referring to the growth in the available information following
epidemic patterns.

These issues apply equally to all research areas within the biomedical sciences.
Likewise, the publication output of sleep medicine was subjected to important
adaptations, which include the number of articles published, the research methods
employed, and the motivations of researchers to publish. This chapter describes the
publication output of sleep-related research during the pandemic.

An important disclaimer: this chapter brings criticism to some research practices
that took place during the pandemic and approaches some sensible topics regarding
scientific conduct. We expect that readers understand it as call for reflection, rather
than as a disapproval to any specific individual researcher and/or their practices.
Conclusions should not be individualized but put in context and applied to the whole
body of sleep researchers. We have gone through unprecedented times, and in face
of such uncertainties, it is just natural that we succeeded in some and failed in some
other aspects of life, of which scientific publication is just a part. Finally, every
possible conclusion and criticism in this chapter apply to its authors as well.

25.2 Sleep Medicine Publication Through the Pandemic

Lee et al. (2022) categorized the evolution of knowledge synthesis and clinical
standards during the pandemic into three “eras” (Fig. 25.1). The first era was
characterized by the need for an immediate reaction even in the face of limited or
inexistant medical evidence. In such case, clinical practice and public health mea-
sures were very much depending on theoretical reasoning, anecdotal observations,
and hypothesis, borrowing knowledge from other respiratory viral diseases and
previous pandemics. The dissemination of knowledge was also nonstandard, as
social media was much faster in widespread information (including misinformation)
than the regular scientific publication framework (Lacsa 2022; Gisondi et al. 2022).
Another hallmark of the first era was the publication of some position statements



from medical associations, which although not properly evidence based were needed
to provide early directions to health professionals and the society.
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Fig. 25.1 The eras of
evidence synthesis and
research during the COVID-
19 pandemic. Each era had
its own successes (blue) and
pitfalls (red). Reprinted with
authorization from Lee et al.
(2022)

The second era was characterized by a rapid increase in the available evidence
and the implementation of innovative approaches to the traditional process of
generating and synthesizing evidence. This led to an unprecedented increase in the
total number of articles published, which was then characterized as an infodemic.
The publication of preprints became much more common than before, playing an
important role in the initial dissemination of information (Fraser et al. 2021; Gianola
et al. 2020; Gordon et al. 2022; Kodvanj et al. 2022; Nelson et al. 2022). Another



positive consequence was an important move from publishers and journals towards
making all information about COVID-19 openly available (Besançon et al. 2021;
Arrizabalaga et al. 2020). On the negative side, it was noticed that an important part
of this infodemic was composed by low-quality studies (caused by either honest
errors or scientific misconduct), which impaired a proper process of evidence
synthesis and brought noise into policy making and implementation of public health
and medical measures (Ramanan et al. 2020; Reardon 2021; Alexander et al. 2020;
Nieto et al. 2020; Bramstedt 2020).
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The third era, which we are currently living, show a slight return into traditional
publication practices. With the reduction in number of cases and deaths, success on
the development and use of vaccines, and loosening of social distancing norms,
urgently applying any new knowledge available became less needed. Unlike during
the first and second eras, in which one or two studies with positives results were
sufficient to change bedside practice and public health measures, it now takes longer
from an initial description or discovery into practical implementation. This turns the
implementation of research safer and less subjected to biases and frauds. Other
research and publication practices that began or were reinforced during the pandemic
might continue valid for the next years, including real-word evidence studies, fast-
track randomized controlled trials, and living information sources.

All these three eras can be identified for sleep medicine. Each of them is discussed
in the subsection below.

25.2.1 First Era: Sleep Medicine Publication in the First
Months of the Pandemic

Since the initial months of the pandemic, it became clear that COVID-19 had no
direct specific sleep-related manifestation. However, many concerns related to sleep
medicine were raised in this initial period. A few distinguishable concern areas can
be identified in this early phase: adaptations on sleep medicine practices (including
the implementation of telemedicine) (Hollander and Carr 2020; Penzel et al. 2021;
Shamim-Uzzaman et al. 2021), adaptations and consequences of COVID-19 on
sleep among healthcare professionals, treatment to sleep disorders during the pan-
demic (especially the safety of CPAP), relationship between obstructive sleep apnea
and COVID-19, and relationship of insomnia with the context of social isolation and
home confinement.

However, as very few studies were available during the initial months of the
pandemic, practical guidance came from either indirect evidence (from other viral
diseases or other pandemics) or theoretical reasoning. In parallel, several speculative
studies started appearing, suggesting possible relationships between sleep and
COVID-19, which could not be tested or proved at the time due to the absence of
proper data.
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Among these initial and indirect evidence were some position statements from
sleep-related medical societies and other important stakeholders in sleep medicine.
These were not available through peer-reviewed papers but produced by these
societies and distributed directly to their affiliated members, or available in their
websites. As an example, societies such as the World Sleep Society (WSS), the
American Academy of Sleep Medicine (AASM), the European Sleep Research
Society (ESRS), and the Federation of Latin American Sleep Societies (FLASS)
provided recommendation and practical advice to their members. Similarly, many
national societies published similar guidance on local languages, which is reasonable
considering that frontline health practitioners and sleep medicine professionals in
many countries may not follow international literature or are unable to read in
English.

Among the topics on these first wave of position statement papers were discus-
sions regarding the safety of performing in-lab polysomnographies, possibility of
CPAP devices producing aerosol and spreading the virus, advice about the imple-
mentation of telemedicine into sleep medicine, and discussions about the effects of
social isolation on sleep.

25.2.2 Second Era: Infodemic and Preprints in Sleep
Medicine

Era 2 is characterized by the publication of the first wave of studies about sleep and
COVID-19. In a matter of a couple of months, a rapid and extraordinary increase in
the number of sleep studies was observed. This increase was so evident that a
condition of infodemic was characterized (more information on Publication Output
Analysis).

In this era, the first official statements from sleep-related societies became
available at PubMed and other databases, complementing the information that was
restricted to societies’websites so far. The first official society publication to become
available on PubMed was probably the recommendations to deal with and treat
insomnia and other sleep problems during the pandemic, by the European CBTi
academy (Altena et al. 2020). Following that, an overall guidance to the professional
practice of sleep medicine during the pandemic was published, by the Indian Society
for Sleep Research (Gupta et al. 2020), and guides for the diagnosis and treatment of
sleep-disordered breathing during the pandemic, by the German Society for Sleep
Medicine (Büchner et al. 2020) and by the Italian Thoracic Society (Insalaco et al.
2020). All these practice standard papers were published up to August 2020 and
were followed by many other ones from other societies.

Most of the initial studies in this area were not properly focusing on sleep
medicine, but rather evaluating insomnia and other self-reported sleep complaints
among broader behavioral evaluations, most of them among healthcare profes-
sionals. These were among the first populations to be studied during the pandemic,



as due to the changes in work characteristics and due to the psychological burden
they were subjected to. Following this, studies with the general population and then
with clinical populations were available. The methods employed in these studies
were also different than usual in the second era. The use of online surveys became
common for the evaluation of insomnia and overall self-reported sleep characteris-
tics. For more objective sleep assessments, database studies (mostly cross-sectional
and retrospective cohorts) were more common than actual patient-recruiting studies.
Systematic reviews and meta-analyses also became increasingly common (Abbott
et al. 2022; Pires et al. 2021a) (more information on Research Methods subsection).
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One important characteristic of this era was the rise of highly speculative papers.
Those articles proposed interventions and pathophysiological relations that might
seem logical and reliable, but that at the time were not properly supported by
evidence (more information on Motivations to Publish subsection). Among the
main topics that were the focus of speculative research are the relationship between
obstructive sleep apnea and severe COVID-19 (Tufik et al. 2020; Tufik 2020), the
potential of melatonin as an adjuvant treatment (Cardinali et al. 2020; Hardeland and
Tan 2020; Öztürk et al. 2020), and the effect of sleep disorders on the efficacy of
vaccination against COVID-19 (Kow and Hasan 2021; Salles et al. 2021; Benedict
and Cedernaes 2021).

Another important characteristic of this era was the publication of sleep studies in
preprint servers. Just as for other research areas, preprints were a good alternative for
disseminating research results immediately, bypassing the inherent delays posed by
the standard peer-review system. Although that was considered an important mea-
sure to expedite the availability of data in the early phase of the pandemic, preprints
have been questioned due to the possibility of being a means through which
misleading and even fraudulent studies gain visibility (Gianola et al. 2020;
Kupferschmidt 2020; Majumder and Mandl 2020) (more information on Journals
subsection).

A final characteristic of this era is the average low quality of research. Several
studies have disclosed that flawed and misleading studies were more common during
the pandemic than before for most areas. Some studies about the quality of the
research during the pandemic have been published, demonstrating that the average
quality is lower, and the proportion of methodologically flawed studies is higher than
before in general COVID-19 research (Bramstedt 2020; Abbott et al. 2022; Khatter
et al. 2021; Jung et al. 2021), and probably also in sleep medicine.

25.2.3 Third Era: Consolidation of the Relations Between
Sleep and COVID-19

After almost 3 years of pandemic, the society is slowly getting back to normal (or at
least getting used to the social changes imposed by the pandemic). This was the time
needed for knowledge to be settled, analyzed, and understood by the health sciences



community. Also, there is no longer an urgency to provide new information from
one day to the other, so researchers now have the time to analyze their data
accordingly.
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In such a stage, it can be said that the research between sleep and COVID-19 has
reached a more mature level. Some research characteristics commonly observed
during the initial eras of the pandemic, such as speculative articles and online
surveys, are not as important as they were before (although they still are being
published). Now, proper controlled trials, large cohorts, and robust meta-analyses
are being conducted, considering the time required to properly perform these studies.
Also, many questions and doubts that were important during the beginning of the
pandemic are deeply understood now (such as the impact of social isolation on the
prevalence of insomnia (AlRasheed et al. 2022) and the relationship between
obstructive sleep apnea and severe COVID-19 (Strausz et al. 2021)). On the other
hand, there are fields for which a high-level certainty of evidence could not be
reached so far (such as for the use of melatonin as an adjuvant treatment for COVID-
19 and for the relationship between sleep disorders and vaccination).

Also, important practice standards are properly described and are now being
implemented with little margin for doubts. That includes the implementation of
telemedicine in sleep medicine (which was expedited due to the pandemic) and the
safety of CPAP devices. These practical issues are properly covered by position
statements, consensus, and guidelines provided by international sleep medicine
societies. These publications were essential for the standardization and consolidation
of knowledge and practice of sleep medicine in relation to COVID-19 and the
pandemic.

Research about sleep and COVID-19 will obviously continue on the forthcoming
years, but it tends to get into a more stable pattern than the frantic growth observed so
far. We should expect better evidence to be reached based on more robust study
designs, even if the number of articles stalls or even decreases (both in absolute
numbers and proportionally).

25.3 How Authors Dealt with Research During
the Pandemic

Due to the COVID-19 pandemic, most sleep research centers (from clinical sleep
labs to preclinical facilities) remained closed in 2020. Researchers had to reinvent
themselves, to sustain their academic production and maintain sleep science
performing at a high level, even far from their labs and with limited resources.

Even with such difficulties, good-quality research and robust evidence were
achieved as fastest as never before. This is true for most research fields, and in
sleep medicine as well. However, it cannot be said that all research during the
pandemic was performed with such auspicious intents. In many cases, the publica-
tion output and the way articles were put forward were more as a consequence of the



“publish or perish” paradigm, than a real need for more research. This section
discusses the motivation for research during the pandemic, the rise of speculative
research, and the research methods that became more common during the pandemic.
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25.3.1 Motivations to Publish

The reasons for research to be published vary in many different ways, but one
interesting way to categorize it as extrinsic and intrinsic research motivations
(Table 25.1). Extrinsic research motivation drives the researcher based on the benefit
the results of that research might offer to people other than the researchers itself. It
might be to the society or to patients, or simply for the sake of science. On the other
hand, intrinsic research motivation is the one performed to provide return and
benefits to the researcher himself or herself, either directly or indirectly.

Any researcher’s publication record is always a consequence of a balance
between altruistic and egocentric drives, and researchers would hardly be driven
by only one of these two sides. The society and the scientific community in general
want researchers to publish based on altruistic values, and their results to serve in
some way for the good of all. However, researchers benefit personally from having a
new article published and from the repercussion of it. Our feeling though is that the
balance between intrinsic and extrinsic research motivations has changed, and the
weight of intrinsic motivations has become heavier. This seems like a natural shift
due to the struggles researchers have been through during these last 3 years, and it
can be understood differently, based on two scenarios: for researchers on the

Table 25.1 Extrinsic and intrinsic research motivations

Extrinsic research motivation Intrinsic research motivation

For the common good For individual professional growth

To develop new technologies To get promoted or for career progression

To increase the body of knowledge To get respect by peers and superiors

To understand and describe scientific
processes

To get attention

To promote better healthcare and improve
clinical practices

To increase the likelihood of being funded by
research-supporting agencies

To promote social development To comply with institutional publication goals

To generate evidence To be “on the spotlight”

To truly contribute with and generate
science

For the sake of one’s ego

Extrinsic research motivation regards research performed towards or for the benefit of others. It
might also be called eccentric or altruistic research motivation. Intrinsic research motivation is the
one performed for the benefit of the researcher itself and might be also called egocentric research
motivation. Most research comes from the balance between altruistic and egocentric research
motivations



relationship between sleep and COVID-19, and for researchers about sleep in
general, during the pandemic.
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In the first case, for researchers studying the relationship between sleep and
COVID-19, the intrinsic research motivation is evident. There were important
research questions about it to be addressed since the beginning of the pandemic.
Understanding how COVID-19 affected sleep or how sleep disorders could predis-
pose to more severe COVID-19 cases was indeed very relevant. However, soon a
huge wave of research appeared, proposing and supposing pathophysiological,
epidemiological, behavioral, and therapeutic relationships between sleep and
COVID-19. Most of these studies, which were more common during the first and
early second era of the pandemic publication history, were purely theoretical or
based on very preliminary data. In such cases, the intrinsic benefit comes from being
the first to describe a certain phenomenon, even if that eventually implies in
publishing excessively speculative and low-quality studies (more information on
Speculative Research subsection).

In the second case, for sleep researchers dealing with topics other than COVID-
19, the struggles were different. As aforementioned, most researchers were kept
away for their regular sources of data for research, either it being sleep medicine
clinics or preclinical sleep laboratories. Most of them remain closed during the
pandemic due to safety measures. Therefore, many research protocols were either
interrupted or postponed (Ramanan et al. 2020; Dobler 2020). However, the pressure
to publish remained on the back of the researcher regardless of it all, and the “publish
or perish” paradigm seems to have stroked harder than ever before.

Very negative effects were observed from the hazardous combination of
sustained publication output goals and increased pressure for productivity on one
side, with limited funding and restricted career opportunities on the other side (Suart
et al. 2022). Important consequences were observed in research integrity (including
reduced overall quality and cases of research misconduct) (Bramstedt 2020;
Anderson et al. 2021) and in researchers’ mental health (including depression and
burnout among researchers) (Suart et al. 2022).

25.3.2 Speculative Research

Considering the struggles sleep researchers have gone through during the pandemic,
including the “publish or perish” duality most of us have been subjected to, some
alternatives had to be found. One of them was the publication of theoretical papers,
including narrative reviews, hypothesis, and letters to the editor.

Theoretical studies are indeed very important when we have no information at all.
That was exactly what happened during the beginning of the pandemic, especially
during the first and the early second eras. Considering the severity and spread of the
disease, researchers of any area had to consider what would be the possible impli-
cations of COVID-19 to their practices and to their patients. In such a case,



theoretical reasoning, hypothetical considerations, and indirect evidence brought
from other respiratory viral diseases and other pandemics became important tools.
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Fig. 25.2 Publication output relating to COVID-19 and either OSA or melatonin. Data are split by
publication type and include only studies published up to 2021, in order to include only years for
which publication output has been completed. Data acquired through Scopus

However, the publication of speculative studies and hypothesis implies in some
way to the willingness of testing it and subjecting it to scientifically rigorous
methods. So, when the pandemic proceeded to its third era, with relaxation of social
isolation norms and decrease in the number of new cases and deaths, one would
expect that the theoretical studies would be slowly replaced by the actual primary
research, so scientific speculation would give room to the actual evidence-based
research. That did not happen, and it was no different in sleep medicine.

One illustrative case is the suggestion of melatonin as an adjuvant treatment to
COVID-19. Such assumption indeed makes sense from a pathophysiological stand-
point, and important articles have been published suggesting it in the early phase of
the pandemic (Cardinali et al. 2020; Hardeland and Tan 2020; Öztürk et al. 2020;
Shneider et al. 2020). However, the amount of theoretical and speculative articles on
this matter was outnumbering the number of actual primary research. By the end of
2021, 60% of all publication output about melatonin and COVID-19 was composed
by theoretical articles (including reviews, letters to editor, editorials, and other
types—Fig. 25.2).

A similar case happened with the relationship between obstructive sleep apnea
and COVID-19. This was an early concern, considering that the phenotype of
patients with either severe OSA or severe COVID-19 shared very similar character-
istics at that time (men, overweight, older adults, with cardiometabolic
comorbidities) (Tufik et al. 2020; Tufik 2020). Important studies at this early stage
suggested four different possible relationships (De Mello et al. 2020): (1) CPAP
therapy might increase the spread of the virus as it can release aerosols. (2) OSA
increases the risk of COVID-19 infection due to immunological impairment.
(3) OSA is a risk factor for negative COVID-19 outcomes (including ICU admission,
mechanical ventilation, and death).
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The level of evidence today is satisfactory. It allows concluding that CPAP is safe
to use and does not increase the spread of the virus, that OSA might increase the
chances of getting infected (although there are divergent studies), and that OSA is
indeed a risk factor for a negative prognosis of COVID-19. However, regardless of
the good amount of primary data, theoretical research still strives. By the end of
2021, slightly less than a half of the publication output about COVID-19 and OSA
was composed by theoretical papers (Fig. 25.2).

More recently, especially since vaccines against COVID-19 became available,
many theoretical studies ventilated the possibility that sleep disorders and sleep
deprivation could decrease vaccination efficacy (Kow and Hasan 2021; Salles et al.
2021; Benedict and Cedernaes 2021; Zhu et al. 2021). That assumption was
completely valid and relevant, since it was based on indirect evidence about the
decreased antibody titers after vaccination for other viral diseases among sleep-
deprived individuals. However, it took a while since the initial narrative reviews and
comments on the topic and the first primary studies to address it. Also, when the few
studies on this matter became available, it demonstrated that the relationship is not
that clear, that a reduced vaccination efficacy against COVID-19 is not a robust and
evident consequence of sleep disorders, and that there might be many confounding
factors involved in this relationship (Tufik et al. 2022; Jolliffe et al. 2022; Yamanaka
et al. 2022). As of today, some evidence is being built regarding the impact of the
time of the day in which vaccination took place (Jolliffe et al. 2022; Yamanaka et al.
2022; Matryba et al. 2022; Wang et al. 2022; Zhang et al. 2021; Filippatos et al.
2022), but results are conflicting and inconsistent so far. In any case, regardless of
the actual results, theoretical speculation still outnumbers the number of data-driven
studies.

The reason for this surge in speculative research is multifactorial. Some
researchers might not have access to patients to test their hypothesis, although still
considering that their ideas are worth sharing. Some others have been impacted by
lockdowns and other enforced social distancing rules, so theoretical articles were all
that was available. In other cases, the proposed relationship was indeed new and has
not been properly evaluated, so theoretical reasoning is indeed a good starting point.
In all these cases and in others, one might think, the drive of a researcher to write a
theoretical essay is usually legitimate, not likely to be a case of research misconduct
or something to be criticized at an individual level. However, the group behavior of
the sleep research community seems to have prioritized theoretical papers over data-
driven ones.

25.3.3 Research Methods

Many interesting and innovative research tools have been implemented during the
pandemic. This might be another consequence of the “publish or perish” paradigm,
but it might be more auspicious to think that researchers were able to reinvent
themselves and their research methods in order to collect data and generate evidence,



even when social distancing was in place and sleep laboratories were mostly closed.
A few of them were remarkably used and deserve special attention: research on
medical personnel, online surveys, database research, real-world evidence, and
meta-analyses.

416 G. N. Pires and S. Tufik

25.3.3.1 Research on Medical Personnel

Evaluating sleep among medical and healthcare professionals was probably the first
widely used research approach in sleep medicine during the pandemic. In a time in
which most of the population was locked up in their homes, these professionals were
among the few who were in the field. Most of these studies were not focusing only
on sleep, but rather having sleep-related complaints and symptoms being assessed as
a part of broader psychological and behavioral evaluations. In this sense, two clear
relations were described: First, insomnia complaints were common among
healthcare professionals working on COVID-19 wards, which is most likely a result
of the psychological burden they have been subjected to. Second, sleep deprivation
was a common feature among these professionals, being a direct consequence of
either insomnia or an increased workload and decreased workforce. Research on
medical professionals remains being performed and will likely remain being rele-
vant. However, their novelty potential decreased once the phenomenon was properly
characterized, and other study populations became available.

25.3.3.2 Online Surveys

Right by the beginning of the pandemic, in-person interaction had to rapidly adapt to
virtual and online modalities. This was true for telemedicine, education, and busi-
ness, among others. Likewise, researchers found virtual online surveys to be a good
tool to continue collecting data even at a distance and considering the social isolation
norms.

Sleep-related online surveys were already a relevant research tool even before the
pandemic, but they became much more popular during it. Sleep studies based on
online surveys started being published right at the early second era of the pandemic,
providing some important benefits. First, it allowed collecting data from large
sample sizes at a reduced timeframe. Second, by being purely online, it
circumvented all the drawbacks and limitations imposed by social isolation. Third,
it was easy to adapt the most used sleep questionnaires to an online and self-
applicable mode. Google Forms, SurveyMonkey, REDCap, and other similar plat-
forms were widely used for these purposes. Also, social media and messaging apps
were widely used to promote these surveys.

A good number of interesting papers using such tools were published, most of
them describing the prevalence of insomnia symptoms and other subjective sleep-
related complaints during the pandemic. Indeed, most meta-analyses evaluating
insomnia prevalence during the pandemic are based on studies employing online



surveys. Research on chronobiology and circadian disruption was also performed
consistently with online methods.
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However, as the pandemic evolved, the relevance of such studies was reduced
and their average novelty potential decreased. With that, at least two important
research biases inherent to online surveys (and to open call studies in general)
became evident: interest bias and recall bias. Interest bias refers to an increased
likelihood of attracting people who have a certain condition of interest. As an
example, if someone promotes an online survey about poor sleep habits in children
during the pandemic through social media, it is possible that parents whose children
have been sleeping poorly feel more motivated to answer it. It creates a biased and
unreliable measure of prevalence, not being able to assure the level of representa-
tiveness of a sample in comparison to the whole population. Recall bias refers to the
likelihood of recalling information in an unprecise way. This seems to be a bigger
problem for studies trying to compare some sleep-related feature in the pre-pandemic
times and during the pandemic. In several cases, participants were asked to fill up
questionnaires about their average sleep habits before the pandemic. Asking some-
one how they used to sleep 2 years ago (i.e., before the pandemic) subjects to a big
risk of recall bias, in a way that the collected information is not the actual sleep
pattern before the pandemic, but rather one’s perceptions of its own sleep, deturbed
by time.

Studies based on online surveys continue to be published. They might be relevant
and will certainly continue being used as a relevant research tool after the pandemic
is over. However, researchers employing these methods should be aware of its
limitations.

25.3.3.3 Database Research

Due to the impossibility of recruiting new research participants and performing
in-lab polysomnography, secondary analysis of available databases became an
important research alternative.

Most large sleep study databases were widely used for research purposes during
the pandemic. Also, open databases containing sleep information were employed as
a source of data and publications, based on either polysomnographies and other
objective sleep assessment tools (such as the National Sleep Research Resource—
NSRR) or self-reported and subjective sleep data (such as the National Health and
Nutrition Examination Survey—NHANES). Clinical databases of large sleep clinics
were also considered for research purposes in this period, but in these cases, more
serious concerns about data protection, data management, and other research ethics
issues took place, since these data were collected for clinical, rather than research,
purposes.
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25.3.3.4 Real-World Evidence

Real-word evidence is not a new term but has been refashioned and widely used in
many different areas. It traditionally refers to the use of real-world data to reach
clinical evidence about the benefits and possible harms of medical devices, products,
and treatments. Real-world data refers to data that are collected as part of regularly
running medical services or devices, reflecting a cohort of real customers, users or
patients (therefore, not research participants). Real-world evidence is especially
relevant for postmarked surveillance, but has been commonly used for exploratory
and descriptive studies, as well as to refine the methods of future clinical trials.

However, during the pandemic, the use of real-world data and the publication of
studies using real-world evidence became increasingly common and their usage was
widened. In many cases, it was used almost as a replacement for clinical trials.
Although they are not intended for this purpose, it provides some level of evidence,
especially when randomized controlled trials were not possible to perform.

One important source of data for the use of real-world evidence is sleep technol-
ogy companies, ranging from more traditional ones (such as CPAP manufacturers)
to innovative ones (such as sleep trackers and digital cognitive behavioral therapy
apps). All these companies have databases including massive amounts of sleep-
related data, which are indeed a great source of information for sleep research. Such
real-world evidence studies have already been performed before the pandemic, with
some very interesting studies performed. But the pandemic served as a way to
accelerate the development of portable treatments, wearable devices, and digital
therapy in sleep medicine. Therefore, the number of sleep studies based on real-
world data seems to have increased considerably in this period.

Real-world evidence should not be considered as a definitive source of evidence
though. In most cases, it is basically a large convenience sample, and as such, there
are some important biases. First, it does not provide a proper control of confounders
and biases as randomized controlled trials do, therefore always being subjected to
selection bias. Another concern is interest bias, as for example, people who monitor
their sleep through sleep trackers or who undergo digital CBTi are more likely to
being concerned either about its own sleep patterns or to have insomnia. Therefore,
estimating prevalence might be problematic based on real-world data. Finally,
industry sponsorship bias is an important concern, since most of these studies are
either directly or indirectly supported by commercial companies with interests in the
sleep market, which can be directly impacted by the results of a given article.

25.3.3.5 Systematic Reviews and Meta-analyses

We were already living in a period of massive production of systematic reviews and
meta-analyses even before the pandemic. That was associated with an overall low
quality of these studies, including misleading, redundant, unnecessary, and flawed
meta-analyses (Ioannidis 2016). A similar pattern is observed in sleep medicine,



with an average growth rate of 30% in the number of published meta-analyses per
year (Pires et al. 2021a).
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Fig. 25.3 Number of meta-analyses about sleep and COVID-19, by month. The first meta-analyses
were published in May 2020. Since then, the number of meta-analyses has been growing, reaching
its peak in October 2021. The drop in the number of meta-analyses in 2022 is likely to be an artifact,
resulting from the delays between availability and actual publication of these studies. Data acquired
through Scopus

During the pandemic, the number of systematic reviews and meta-analyses in
sleep medicine increased considerably. This is directly related to the “publish and
perish” paradigm, associated with the ease of performing it. In other words, sleep
researchers were locked up in homes during the pandemic, away from their usual
research places, but still subjected to a pressure to continue publishing. In such case,
systematic reviews seemed to be a good alternative, as the only requirements to
perform it are a computer and some colleagues to be involved in eligibility analysis.
Even specialized software are not necessary, as many open-source and free options
are widely available.

The first meta-analysis about sleep and COVID-19 was published in May 2022,
being followed by an increased amount of other similar studies in the following
months (Fig. 25.3). It calls for attention that meta-analyses were being published so
early. As being a study design directly dependent on the availability of previous
studies, one might question whether there were sufficient data to be meta-analyzed in
the initial months.

The number of meta-analyses about sleep and COVID-19 indeed increased
rapidly, and a new meta-analysis in this area was published every 6 days
(Fig. 25.3). Such a great number of published meta-analyses probably reflects the
growing pattern of publication of this type of studies in sleep medicine as well, but it



is undoubtable that meta-analyses about sleep and COVID-19 took an important
share of it. Only in 2021, 871 sleep-related meta-analyses were published, and meta-
analyses about sleep and COVID-19 accounted for about 10% of it (Fig. 25.4). It
really calls for attention that only 2 years after the description of the disease, meta-
analyses about it took such share among the whole publication output.
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Fig. 25.4 Publication output of meta-analyses in sleep medicine. The number of meta-analyses has
been growing consistently over the last couple of years. Meta-analyses about COVID-19 and sleep
appeared already in the first year of the pandemic, although representing a small proportion of the
total publication output of that year. In 2021, 871 sleep-related meta-analyses were published, and
meta-analyses about COVID-19 accounted for about 10% of it. Only studies published up to 2021
were considered, in order to include only years for which publication output has been completed.
Data acquired through Scopus

Some concerns regarding the quality of these meta-analyses should be
highlighted. Systematic reviews and meta-analyses are a very pragmatic research
method, guided by well-described guidelines, and it requires some time and efforts
to master it. The pandemic brought the demand for more systematic reviews to be
performed and published, to deal with the sustained pressure to publish, but it cannot
be assured that individuals performing systematic reviews under these conditions
were aware of or applying the best methods. As a result, the quality of these
systematic reviews was very low.

Actually, the average methodological quality of systematic reviews and meta-
analyses was already considered poor even before the pandemic (Xu et al. 2021).
During the pandemic, the average methodological quality level of meta-analyses on
all areas was remarkably low (Abbott et al. 2022; Pires et al. 2021b), and less than
10% of them could be considered as of high confidence level (Pires et al. 2021b).
There are no studies specifically about the methodological quality of meta-analyses
about sleep and COVID-19, but it is supposed that they would present the same
pattern of low quality observed in other fields and in sleep medicine in general.
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25.4 Journals

Just like the researchers, most stakeholders involved in biomedical research adapted
procedures to assure that COVID-19-related research was performed rapidly (Song
and Karako 2020). This was indeed critical, especially during the beginning of the
pandemic, as a matter of responding to the urgent need of information and assuring
that the time from initial research to the availability of the final results was as short as
possible. For example, governments and research-supporting agencies were provid-
ing special research support grants for research about COVID-19, while regulatory
agencies and research ethics committees were prioritizing projects related to
COVID-19 (Zhang et al. 2020). Publishers and journals have also adapted their
regular procedures to implement an efficient publication outflow during the
pandemic.

During the beginning of the pandemic, all the most renowned international
publishers have applied open-access policies to articles related to COVID-19
(Besançon et al. 2021; Arrizabalaga et al. 2020; Song and Karako 2020). This was
done as a matter of social responsibility, to assure that no knowledge was blocked by
paywalls during the pandemic. This was easily implemented, as it required very few
technical resources and deviations from the standard publication procedures but has
had an almost immediate effect on assuring that data were made available as soon as
possible. The decision to implement open-access practices is something taken
primarily at a publisher level but has certain effect on the journals individually.
Specifically to the field of sleep medicine, the journals that were published on a
subscription-based or hybrid format made their articles available as open access.

Another important measure was the implementation of fast-track peer-review
processes (Shah et al. 2020; Treweek et al. 2020). This was a very important aspect
of the publication process during the pandemic, as it was related to the critical
balance between the need for making studies available as fast as possible and the
need of sticking with the peer-review process. Although there are several different
formats of peer review (each of them with its advantages and drawbacks), it seems
consensual that having manuscripts undergoing appraisal by peers is a matter of
responsibility, which increases the likelihood of only publishing studies that are
relevant and reliable, as well as decreasing the chances of scientific fraud. The exact
way by which fast-track peer review was implemented varied across journals, but it
usually involved higher level editorial board members in the peer-review process
(such as the editor-in-chief itself, or deputy, section, or associate editor) assuring
high commitment with the journal’s scope and short turnaround time.

Important discussions took place on the quality of peer review on these fast-track
reviewing policies (Shah et al. 2020; Smith et al. 2020; Bagdasarian et al. 2020;
Peyrin-Biroulet 2020), and it has been argued that it might increase the odds of
overlooking important methodological errors and research frauds, or allowing
low-priority manuscripts to undergo fast-track peer review.

Another publication modality that gained importance during the pandemic was
the preprint servers. Depositing research manuscripts and related materials at



preprint sources (such as MedRXiv or BioRXiv) was a growing open research
practice before the pandemic, but it became considerably more common during it
(Gianola et al. 2020; Kupferschmidt 2020; Majumder and Mandl 2020). It is
estimated that during the first months of the pandemic, about a third of the informa-
tion was available in preprint sources (Fraser et al. 2021). The number of studies
available as preprints only is so significant that including preprint sources in
systematic review search strategies became common during the pandemic
(AlRasheed et al. 2022; Pires et al. 2021b). This has also been observed in sleep
medicine, as at least 35 sleep-related studies are available on MedRXiv via PubMed.
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The main benefit of preprints relies on the immediate availability of data,
bypassing the delays that the peer-review system might have. On the other hand,
important criticism and concerns have been raised (van Schalkwyk et al. 2020;
Sheldon 2018), and it is not consensual whether its benefits outweigh its potential
risks to research integrity (van Schalkwyk et al. 2020). The most important of them
is the lack of a proper peer review (or the availability of the manuscript before peer
review has been completed), which might be a way of disseminating wrong, poor-
quality false information (King 2020).

The overall quality of COVID-19 studies available in preprint servers seems to be
adequate (Kodvanj et al. 2022; Nelson et al. 2022), and the likelihood of these
manuscripts being published in regular peer-reviewed studies is high (Gordon et al.
2022). Therefore, it can be concluded that preprints are a safe and reliable source of
information in most cases. However, even being the minority, important problems
have happened indeed, including the publication of flawed or fraudulent studies,
which were made publicly available without proper peer appraisal. The most
renowned of these cases are those involving a supposed structural relationship
between SARS-CoV-2 and HIV, questioning the severity of SARS-CoV-2 infec-
tions and promoting the use of inefficient pharmacological treatments (Reardon
2021; Watson 2022). This became even more problematic when these non-peer-
reviewed materials reached the general population, the press, and the media, which
might not have all the attributes necessary to judge the quality and reliability of a
scientific study.

Another consequence of the fast-track peer-review policies during the pandemic
was the increased number of retractions (Bramstedt 2020; Anderson et al. 2021;
Abritis et al. 2021; Piller and Travis 2020). This was observed since the first months
of the pandemic, and the total number of retractions related to COVID-19 was
tremendously higher than for other viral diseases (Peterson et al. 2022). This points
out to this excessive number of retractions being a consequence of the combination
of high need for new information and flexibilization of peer-review policies
(Bramstedt 2020). Fortunately, sleep medicine does not seem to have been affected,
as only a single study about COVID-19 and sleep has been retracted so far (Liu et al.
2020), according to the Retraction Watch Database (http://retractiondatabase.org/),
which has been accounted as an error of the publishers, rather than of the authors.

Finally, most sleep medicine and chronobiology journals published a significant
number of COVID-19 studies. Some of them had open calls for papers or created
special collections related to sleep and COVID-19. An example is the Journal of



Clinical Sleep Medicine, which was waiving their submission fee for articles in this
topic. These special collections and call for papers were primarily driven by a sense
of social responsibility, as journals were concerned on generating evidence and
sharing it to the public as soon as possible. But it is undeniable that they also benefit
from publishing these articles, as they are more likely to be cited in the short term.
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25.5 Publication Output Analysis

As previously discussed, as soon as the pandemic was declared, researchers tried
their best to generate as much evidence and new information as possible, at a fast
pace. This was done reasonably well, and most aspects of the virus and the disease
were properly described in a couple of months. However, the amount of information
generated was so massive that no one could follow it all. This led to the character-
ization of a condition of infodemic, which refers to the accumulation of information
following epidemic growth patterns.

The first article about sleep and COVID-19 to be available on PubMed was
probably a letter to the editor commenting on the possible use of melatonin to reduce
the severity of COVID-19 (Shneider et al. 2020). It was published in the Interna-
tional Reviews of Immunology and made available online on April 29, 2020. Of
note, this information just reflects what is currently available on PubMed based on a
simplified search strategy ((sleep[tiab] OR sleep[mh]) AND COVID-19). It is
possible that other articles might have been published before, mainly on preprint
servers and on non-indexed sources. Another possibility is that the primary studies
were available in Chinese mandarin only and published in local Chinese journals,
reflecting the fact that the disease began there. For this reason, most of the initial
meta-analyses about COVID-19 usually included Chinese databases, in order to
assure including the first articles that were published in local language and not
available for the international audience.

As expected, this first article was a theoretical reflection on the possible relation-
ship between sleep and COVID-19, which is justifiable in the first era of the
pandemic and considering that there was no actual data available. In such case,
theoretical and speculative essays were indeed necessary, to being the discussion
about the relevance of sleep in the scenario of the pandemic. The following papers
were also theoretical and speculative essays, including topics such as the overall
importance of sleep during the pandemic (Gulia and Kumar 2020), sleep health
among frontline healthcare professionals (Singh et al. 2020; Ferini-Strambi et al.
2020), use of CBTi for essential workers (Benhamou and Piedra 2020), and man-
agement of sleep-disordered breathing during the pandemic (Pirzada et al. 2020). All
of them were published in the early phase of the pandemic, only 3 months after it has
been declared.

Shortly after, some studies started to be published, initially using online survey
tools to evaluate sleep-related psychological consequences of social isolation or
evaluating sleep in medical personnel. That evolved quickly into more refined



research approaches, as discussed in the previous sections. As of today, living in the
third era of the pandemic, the availability of sleep research tools seems to have been
back to normal, as sleep laboratories, clinics, and research facilities seem to have
returned to their normal functioning. Still, those research approaches that became
common during the pandemic continue to be used.
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25.5.1 Number of Articles Published

The infodemic is characterized by a surge in the amount of available information,
and there are no doubts it happens in the publication output between sleep and
COVID-19. It shall be mentioned that the overall publication record of sleep
medicine has been increasing consistently since a long time, but this growth
increased considerably more during the pandemic (Fig. 25.5). The percentual growth
rate of the publication record from 1 year to the following was about 5% in the years
before the pandemic. But it increased to an average growth of 20% during the first
two pandemic years. Importantly, before the pandemic, the articles were distributed
among a plethora of sleep-related themes, while most of those accounting for this
huge increase in the publication record during the pandemic focused on a single one.
This reinforces the infodemic nature of the publication profile of sleep and
COVID-19.

As of today, a simple PubMed ((sleep[tiab] OR sleep[mh]) AND COVID-19)
retrieves 3769 records (search updated on November 8, 2022). It results in an

Fig. 25.5 Sleep-related publication record, highlighting the pandemic period. A: Total number of
articles published. It can be seen that the publication record was increasing consistently in the last
years. But from 2020 to 2021, an important growth could be attributed to the studies about sleep and
COVID-19. B: Percentual growth rate of the publication output from 1 year to the other. A
consistent growth was always observed, being around 5% per year before the pandemic. However,
during the pandemic (gray shaded area), it was considerably higher, being around 20%. Only
studies published up to 2021 were considered, in order to include only years for which publication
output has been completed. Data acquired through Scopus



average of 4.1 published articles per day. It might be argued that not all of these
studies are directly related to sleep, approaching it indirectly or figuratively, rather
than properly focusing on sleep medicine and sleep research. Previous studies
calculated that about 60% of the records retrieved from a simple sleep research are
actually related to sleep medicine. Therefore, in a corrected and conservative
estimation, it can be said that there are about 2261 articles about COVID-19 and
sleep, resulting in an average of 2.4 articles published per day.
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Sleep medicine corresponds to a small proportion of the total publication record
related to COVID-19. A simple search strategy for COVID-19 retrieves 311,120
articles since 2019. Among these, 93,673 were published in 2020, 139,324 in 2021,
and 109,994 in 2022. Therefore, sleep medicine corresponds to about 1.21% of the
total COVID-19 publication output (or to 0.72%, considering the correction men-
tioned above).

These publication records were not constant during the pandemic. It seems that
the first year (2020) resulted in a small number of articles available on PubMed
(721 articles), but an important increase was observed in 2021 (1769 articles—145%
increased from 1 year to the other). In 2022, it seems that the number of articles
remained stable in comparison with the previous year (1651, as of November 8).

25.5.2 Research Quality

In the expense of a rapid publication output to serve to the need of immediate
information during the pandemic, the quality of research seems to have been
compromised. Since the beginning of the pandemic, important concerns regarding
the quality of research were raised. There are numerous studies describing how
low-quality studies became a problem during the pandemic, for reasons that range
from honest errors to methodological flaws and misconduct (Ramanan et al. 2020;
Nieto et al. 2020; Bramstedt 2020; Dobler 2020; Peyrin-Biroulet 2020; Jung et al.
2022). Some remarkable cases are the ones involving chloroquine,
hydroxychloroquine, and ivermectin as potential treatments for COVID-19
(Reardon 2021; Alexander et al. 2020), which were evidently flawed, leading to
misleading conclusion and generating chaos, especially when those results reached
general media.

Among common quality errors were studies with small sample sizes, lack of
sample size calculations, wrong biostatistical analysis, lack of control groups,
non-randomized trials, excessive use of convenience samples, and uncertainties
about the protocol of these studies (Nieto et al. 2020; Dobler 2020; Ordak 2022).

This low-quality profile was strongly associated with both the fast-track peer-
review policies and the need to generate evidences when nothing was available
(Ramanan et al. 2020; Peyrin-Biroulet 2020). Once both conditions are no longer
needed, one might expect that the average quality of research will be back to normal
eventually.
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25.6 Conclusion

The COVID-19 pandemic brought the challenge of generating evidence about a new
disease as fast as possible. Scientists were successful in this task, but it led to an
infodemic as a consequence. We have never generated so much information in a
short period of time. The whole process by which we generate medical evidence was
changed in order to adapt to emergent need. Likewise, the way we publish and
disseminate scientific results changed as well. That is true for most research areas,
including sleep medicine.

Now, the society is slowly returning to its normal functioning, as social distanc-
ing norms are no longer in place and the number of new cases and deaths has been
reduced. However, some acquired behaviors and practices from the pandemic will
linger on. The way we deal with scientific information (either in general or specif-
ically in sleep medicine) follows the same rule.

The annual growth rate of the total publication output might be lowered in the
next years, as the number of articles about COVID-19 and sleep might stall or even
reduce. Also, the urgency for making research results available is no longer a reality.
Considering that this was one of the reasons for the average low quality of research
during the pandemic, this should be better in the forthcoming years. Finally, many of
the research methods that became popular during the pandemic will probably remain
being used, including online surveys, meta-research, and real-world evidence.

In conclusion, the pandemic was a good opportunity to understand how scientific
publication works. It included some positive aspects (such as the immediate reaction
and implementation of evidence-based practices) but some negative ones (including
low-quality studies and scientific misconduct). We hope that we as researchers can
learn from that, taking the good sides of it for the future, assuring that the develop-
ment of the publication output in sleep medicine grows in a responsible and
reliable way.
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