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Abstract

The COVID-19 pandemic has fundamentally altered daily life across the globe, and the stress 

associated with these changes is likely to impact sleep. Sleep is critical for physical and mental 

health; thus, understanding the factors which may contribute to poor sleep during the pandemic 

represents a first step in identifying behavioral health targets for intervention efforts during and 

following the pandemic. This review first summarizes the developing research on sleep during the 

pandemic. The impact of the pandemic on sleep is then examined through the lens of the 3P model 

of insomnia by proposing pandemic-specific predisposing, precipitating, and perpetuating factors. 

The potential consequences of sleep disturbance on physical and mental health conditions most 

relevant to the pandemic are also reviewed. Finally, recommendations for reducing or eliminating 

pandemic-specific perpetuating factors are detailed, highlighting the potential utility of behavioral 

sleep medicine interventions in the integration of behavioral health responses and public health 

initiatives during and following the pandemic.
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The COVID-19 pandemic has fundamentally altered daily life across the globe. In addition 

to the physical and emotional toll of the virus, efforts to mitigate spread have resulted 

in reduced social interactions, financial strain, and transitions to working and schooling 

from home. The stress associated with these dramatic changes to daily life are likely to 

impact sleep, as both chronic (Hall et al., 2015) and daily stress are associated with sleep 

disturbance (Voellmin et al., 2014), and stressful life events are associated with insomnia 

onset (Healey et al., 1981). Though brief sleep loss in the face of an acute stressor may 

be adaptive, prolonged sleep disturbance may have notable consequences for physical and 

psychological health, as sleep is involved in modulating neuroendocrine function (Van 

Cauter et al., 2015), clearing metabolic waste from the brain (Xie et al., 2013), and memory 

consolidation (Walker & Stickgold, 2004). Poor sleep has likewise been linked to adverse 

outcomes for both physical (Itani et al., 2017) and mental health (Baglioni et al., 2016).
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A common form of sleep disturbance is insomnia, which is characterized by difficulties 

with sleep initiation (i.e., falling asleep) and maintenance (i.e., staying sleep) (American 

Psychiatric Association, 2013). The coronavirus pandemic represents a unique combination 

of physical and emotional stressors and behavioral changes that may contribute to new 

or worsening insomnia symptoms. Notably, the development of insomnia has been well-

characterized through the 3P model (Spielman et al., 1987). Here, the potential effects of 

the coronavirus pandemic on sleep will be examined through the lens of the 3P model 

by proposing predisposing, precipitating, and perpetuating factors that are unique to the 

pandemic. Such examination may delineate potential consequences of pandemic-related 

sleep disturbance for physical and mental health outcomes and inform recommendations 

for sleep health during the pandemic, consistent with recent calls for the integration of 

behavioral health with public health response to the pandemic (Kaslow et al., 2020).

The 3P model of insomnia

The 3P model of insomnia represents an extension of a diathesis-stress model to describe 

how acute insomnia onsets and transitions to chronic insomnia over time through a 

combination of predisposing, precipitating, and perpetuating factors (Spielman, Caruso, & 

Glovinsky, 1987; see Figure 1). Predisposing factors represent diatheses, or pre-existing 

vulnerability factors that increase risk of eventual insomnia. Common predisposing factors 

include genetic risk (Drake et al., 2011), prior insomnia symptoms, neuroticism, pain, and 

pre-existing history of medical and psychological comorbidities (C. J. Harvey et al., 2014; 

Leblanc et al., 2009; Perlis et al., 2005). Increasing attention has also been giving to 

the predisposing role of sleep reactivity, which describes the tendency to experience poor 

sleep in the face of stress (Drake et al., 2011). Evening chronotype, or the tendency to 

be an “evening type” person with associated later timing of sleep/wake activities (Adan et 

al., 2012), may also predispose insomnia by creating a mismatch between the individual 

“body clock” and societal demands. Consistent with a typical diathesis-stress model, these 

predisposing factors are not thought to cause insomnia in isolation; rather, they contribute to 

elevated risk for eventual insomnia in interaction with precipitating and perpetuating factors.

Precipitating factors in the 3P model of insomnia correspond to stress in a diathesis-stress 

model. Stressful life events, such as divorce, death of a loved one, birth of a child, or 

a new job, are associated with the onset of acute insomnia symptoms (Bastien et al., 

2004). Importantly, experiencing acute insomnia during stress is relatively common and 

typically resolves without intervention. Indeed, previous research estimates that over 30% of 

individuals experience acute insomnia in a given year, and of those only slightly over 20% 

transition into chronic insomnia (Ellis et al., 2012). These estimates then raise an important 

question- what is maintaining insomnia over time in the 20%?

The 3P model answers this question by articulating perpetuating factors, or behaviors that 

exacerbate and maintain sleep disturbance, even following the offset of the precipitating 

factor (Spielman et al., 1987). Classic perpetuating factors include excessive time in bed 

awake, going to bed early, sleeping in, napping, and engaging in non-sleep behaviors 

in the bed or bedroom. Such behaviors are thought to maintain insomnia through 

multiple mechanisms, including weakening learned associations between the bed and sleep, 
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conditioned arousal, and diminished homeostatic sleep drive at bedtime (Perlis et al., 

2005; Spielman et al., 1987). Over time, the bed/bedroom is inconsistently paired with 

sleep, which results in the bed being a weak associative cue for sleep. Further, the bed/

bedroom is frequently paired with wakefulness, which eventually results in the bed being a 

conditioned stimulus for arousal. Counter-fatigue measures, such as nicotine and caffeine, 

in high amounts and/or late in the day may also perpetuate sleep difficulties. Though 

classic perpetuating factors are largely behavioral, cognitive perpetuating factors have also 

been proposed, such as excessive worry, attentional bias to internal or external signals 

that may disturb sleep (e.g., road noise), and cognitive distortions about sleep onset and 

maintenance (e.g., underestimating total sleep time) (A. G. Harvey, 2005). Perpetuating 

factors are thought to be the critical factors that maintain insomnia and are therefore the 

primary target of intervention in cognitive behavior therapy for insomnia (CBTI).

Sleep during the coronavirus pandemic

There is increasing evidence to support the view that numerous physical and emotional 

consequences of the pandemic are likely to alter sleep. Indeed, estimates of clinically 

significant insomnia symptoms during lockdown periods in Greece, China, Israel, and 

France range from 7.2-37.6% (Kokou-Kpolou et al., 2020; L. yu Lin et al., 2020; Ren et al., 

2020; Voitsidis et al., 2020; Zreik et al., 2020), suggesting a higher prevalence of insomnia 

symptoms during the pandemic relative to the estimated 4.37% one-month incidence rate 

of acute insomnia established prior to the pandemic (Ellis et al., 2012). Further, these 

estimates appear similar to rates of sleep disturbance observed following the September 11, 

2001 terrorist attacks, after which 25% of adults in Manhattan reported insomnia symptoms 

(Galea et al., 2002), and 11% of adults nationwide reported severe difficulty falling or 

staying asleep (Schuster et al., 2001). Among healthcare workers in China, 32% report 

clinically significant insomnia symptoms (K. Lin et al., 2020; Zhou et al., 2020), and 

increased insomnia symptoms are associated with frontline work, working with COVID-19 

patients, longer hours, and fewer years of work experience (Cai et al., 2020; K. Lin et al., 

2020; H. Wang et al., 2020).

Several studies have attempted to quantify changes in sleep since the onset of the pandemic 

by comparing measures of sleep during lockdown/stay at home periods in China, Italy, 

Israel, India, Canada, the US, Austria, Germany, Switzerland, and Argentina to data 

collected prior to the pandemic (Gao & Scullin, 2020; Leone et al., 2020; Wright Jr et 

al., 2020), to retrospective estimates of sleep prior to the pandemic (Blume et al., 2020; 

Cellini et al., 2020; Dey et al., 2020; Innocenti et al., 2020; L. yu Lin et al., 2020; Robillard 

et al., 2020; Zreik et al., 2020), or to pre-existing data (Casagrande et al., 2020). From this 

developing literature, several points of convergence have emerged. One of the most robust 

findings thus far is that sleep timing has shifted later since the onset of the pandemic (Cellini 

et al., 2020; Dey et al., 2020; Gao & Scullin, 2020; Innocenti et al., 2020; Leone et al., 2020; 

Robillard et al., 2020; Wright Jr et al., 2020), likely reflecting increased schedule flexibility 

among individuals now working from home. Similarly, several studies have found that social 

jetlag, or the mismatch in sleep timing between work days and free days (Wittmann et al., 

2006), has decreased during the pandemic (Blume et al., 2020; Leone et al., 2020; Wright 

Jr et al., 2020), which again likely reflects an increased ability to sleep on a schedule 
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more consistent with biological timing among those working from home. Likewise, several 

studies have found small increases in sleep duration (Blume et al., 2020; Gao & Scullin, 

2020; Leone et al., 2020) and time in bed (Cellini et al., 2020; Wright Jr et al., 2020), 

though one study found no change in sleep duration (Innocenti et al., 2020). Though later 

sleep timing is frequently linked to negative outcomes (e.g., Nota et al., 2020), evidence for 

decreased social jetlag and increased sleep duration suggest that sleep may benefit from the 

reduced demands associated with the lockdown periods. However, these benefits may not 

be universal, as one study found an association between increased subjective burden and 

decreased sleep duration during lockdown (Blume et al., 2020).

Despite apparent improvements in sleep duration and social jetlag, several studies have 

found that subjective sleep quality has decreased since the pandemic onset relative to 

retrospective estimates of sleep quality prior to the pandemic (Blume et al., 2020; 

Casagrande et al., 2020; Cellini et al., 2020; Innocenti et al., 2020; Robillard et al., 2020). 

Interestingly, available evidence suggests that subjective sleep quality during the pandemic 

is unchanged relative to subjective sleep quality measured prior to the pandemic (Leone 

et al., 2020), and one study even found that subjective sleep quality during the pandemic 

is decreased relative to a retrospective report of sleep quality prior to the pandemic, but 

not relative to sleep quality measured prior to the pandemic (Gao & Scullin, 2020). These 

divergent findings suggest that contextual factors experienced during the pandemic may bias 

the perception of subjective sleep quality. Indeed, decreased subjective sleep quality during 

the pandemic is associated with increased stress and family responsibilities (Robillard et al., 

2020), lower socioeconomic status (Beck et al., 2020), adverse life impact of the pandemic 

(Gao & Scullin, 2020), death of a loved one due to COVID-19, and being unemployed 

(Casagrande et al., 2020). Thus, although the evidence for a reduction in sleep quality from 

prior to the pandemic is mixed, there is a robust association between increased pandemic-

related stress and decreased sleep quality, highlighting the importance of contextual factors 

in understanding sleep during the pandemic.

The developing literature suggests mixed impacts of the pandemic on sleep. Decreased 

social jetlag and increased sleep duration represent benefits of reduced schedule demands, 

while decreased sleep quality may reflect the detrimental impact of stress on sleep among 

those suffering most during the pandemic. Together these findings suggest that interactions 

between potential predisposing (e.g., frontline workers) and precipitating (e.g., pandemic-

related stress) factors may influence sleep outcomes during the pandemic, consistent with 

the 3P model of insomnia. These results highlight the utility of examining sleep during 

the pandemic through the lens of the 3P model to further characterize potential pandemic-

specific predisposing, precipitating, and perpetuating factors (see Figure 2) that can inform a 

coordinated public health response (Kaslow et al., 2020).

Predisposing factors

The common predisposing factors in the 3P model likely also predispose individuals to 

poor sleep during the pandemic. However, a few possible predisposing factors may be 

particularly relevant to understanding pandemic-related sleep disturbance. First, essential 

workers may be vulnerable to sleep disturbance due to increased work hours, risk of 

Cox and Olatunji Page 4

Am Psychol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



virus exposure, concerns about personal protective equipment supplies, and particularly for 

healthcare workers, increased emotional burden. Indeed, the developing literature indicates 

healthcare workers may be particularly vulnerable to sleep disturbance and insomnia during 

the pandemic (Pappa et al., 2020). Healthcare workers also frequently engage in shift work, 

which demands circadian misalignment and may result in insomnia symptoms (Wright, 

Bogan, et al., 2013). Thus, many healthcare workers likely experienced sleep disturbance 

and insomnia symptoms prior to the pandemic, conferring vulnerability for further sleep 

impairment during the pandemic.

Increased rates of insomnia in women compared to men (Theorell-Haglöw et al., 2018) 

suggest gender may also be a predisposing factor. Gender may also be particularly relevant 

to sleep during the pandemic, as women are more likely to lose employment during the 

pandemic and more likely to shoulder increased unpaid work, such as childcare and at-home 

schooling (King et al., 2020). Indeed, several studies have found elevated sleep disturbance 

in women compared to men during the pandemic (Beck et al., 2020; Casagrande et al., 2020; 

Robillard et al., 2020), as well as increased insomnia symptoms (L. yu Lin et al., 2020; 

Voitsidis et al., 2020) (but see also Kokou-Kpolou et al., 2020).

Geographic location may also represent a unique predisposing factor for sleep disturbance 

during the pandemic. That is, individuals living in locations with higher COVID-19 cases, 

that are more densely populated, and/or with overburdened healthcare facilities may be 

vulnerable to worse sleep. Though few studies have addressed this question thus far, one 

study found higher insomnia symptoms in individuals living in urban versus rural settings 

during the lockdown in Greece (Voitsidis et al., 2020). Likewise, another study conducted 

during the lockdown in Italy found that sleep quality was stratified by region, such that 

those living in North Italy (considered the epicenter of the pandemic in Italy) reported 

worse sleep quality compared to those living in South Italy (Casagrande et al., 2020). Thus, 

living in areas more severely impacted by COVID-19 may represent a vulnerability for sleep 

disturbance during the pandemic.

Neuroticism, worry, and pre-existing psychopathology are common predisposing factors for 

insomnia (C. J. Harvey et al., 2014; Perlis et al., 2005). Relatedly, health anxiety may 

be especially relevant during the pandemic. Health anxiety is the tendency to perceive 

physical signs and symptoms as indicators of disease and overestimate the likelihood 

and consequences of illness/disease (Rachman, 2012; Salkovskis & Warwick, 1986). At 

a modest level, health anxiety is arguably adaptive to prevent and efficiently respond to 

potential illness. However, high health anxiety can be maladaptive, as in hypochondriasis/

illness anxiety disorder (American Psychiatric Association, 2013). Importantly, worries 

about coronavirus are associated with increased insomnia symptoms during the pandemic 

(Kokou-Kpolou et al., 2020; Voitsidis et al., 2020). Thus, those with prior elevated 

health anxiety may be particularly vulnerable to experiencing increased distress during 

the pandemic, including disruptions to sleep. Relatedly, those with a pre-existing health 

condition may experience increased anxiety that interferes with sleep during the pandemic. 

Indeed, one study found that having a chronic illness was associated with increased sleep 

difficulties during the pandemic (Robillard et al., 2020).
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Interestingly, although evening chronotype is typically a predisposing factor for insomnia, 

it may be protective against sleep disturbances during the pandemic. Specifically, those 

working from home and/or those with increased flexibility during the pandemic may be 

able to adopt a sleep/wake schedule aligned with their circadian preference, which may 

facilitate longer sleep duration and improved sleep quality. Indeed, Blume and colleagues 

(2020) found that evening chronotypes experienced decreased social jetlag and increased 

sleep duration during lockdown in Germany. However, given the high socioeconomic status 

in this sample, it will be important to replicate these findings in diverse samples to determine 

the role of eveningness in sleep during the pandemic among those with consistent or 

increased schedule/work demands. Likewise, though increasing age is typically associated 

with increased insomnia symptoms (Salo et al., 2012), the developing literature on sleep 

during the pandemic indicates increased insomnia symptoms (Zhou et al., 2020), increased 

sleep disturbance (Beck et al., 2020), later sleep timing, and long sleep duration (Leone 

et al., 2020) in younger adults compared to older adults (but see also Gao & Scullin, 

2020). These findings are somewhat surprising, as older adults could be expected to be 

particularly vulnerable to poor sleep during the pandemic given the association between age 

and COVID-19 mortality (Cummings et al., 2020). However, younger adults, who are more 

likely to be working, may be experiencing more changes in their sleep/wake schedules than 

older adults, which may be contributing to this unexpected effect.

Precipitating factors

Sleep is known to be vulnerable to stress (Dimsdale, 2014), and there are numerous stressors 

associated with the pandemic that may disrupt sleep. First, individuals may be experiencing 

stress about the pandemic itself, including concerns about contracting the virus, the time 

demand and burden of mitigation practices, and fears for the safety of loved ones. Similarly, 

the stress of contracting the virus may also disrupt sleep, as one study found an elevated 

prevalence of insomnia among COVID-19 patients in China (Y. Wang et al., 2020). Life 

events that are uncontrollable and unpredictable are experienced as most stressful (Mineka 

& Kihlstrom, 1978). A global event like a pandemic is likely to be perceived as beyond 

individual control. Likewise, the lack of knowledge in the early weeks of the pandemic (e.g., 

the mode of transmission, what activities were safe, etc.) likely contributed to perceived 

unpredictability, further amplifying stress and potentially disrupting sleep. Indeed, one study 

found that over 50% of participants reported moderate to extremely severe stress during the 

early stages of the pandemic (Cellini et al., 2020).

Stressful aspects of mitigation efforts may also disrupt sleep. Financial strain from lost 

employment has been well-documented, while others experienced a sudden transition to 

working from home and learning new teleworking technologies. As the pandemic continues, 

returning to work may also generate stress about exposure to the virus. Indeed, in a study 

of individuals returning to work in China, those who viewed returning to work as a health 

risk reported increased stress and insomnia symptoms (Tan et al., 2020). Further, essential 

workers are tasked with facing increased risk of contracting the virus while frequently 

working longer and harder hours. The effects of stress on sleep for essential workers are 

evident in a study of healthcare workers in China, which found that increased stress is 

associated with increased sleep disturbance during the pandemic (Xiao et al., 2020). A study 
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of physicians also found a relation between increased stress and sleep disturbance, and those 

treating COVID-19 patients reported higher levels of sleep disturbance (Abdulah & Musa, 

2020). These stressors are further compounded for individuals with school-aged children 

attempting to finish the school year at home and having reduced access to childcare and 

other activities during the summer. Many college students experienced converging stressors 

such as working jobs to contribute to household income and managing younger siblings 

online schooling while finishing their semester online. Indeed, one study found the effect 

of distress on sleep disturbance during the pandemic was strongest among college students 

(Cellini et al., 2020).

Though not exhaustive, these stressors may precipitate sleep disturbances during the 

pandemic. The 3P model suggests that acute sleep problems in the face of pandemic-related 

stress will likely resolve following the resolution of the stressor(s). However, pandemic-

precipitated sleep disturbance may transition into chronic insomnia if combined with 

perpetuating factors, which are considered next.

Perpetuating factors

Several features of the pandemic may perpetuate sleep disturbance, the majority of which 

center around decreased exposure to circadian entrainment cues, or zeitgebers (a German 

term for “time giver”). Although human circadian rhythms are endogenously generated, 

these rhythms run slightly longer than 24 hours on average and therefore require external 

time cues to synchronize the internal clock with environmental time (Moore-Ede et al., 

1983). The most significant zeitgeber is light, which has been consistently shown to entrain 

circadian rhythms (Golombek & Rosenstein, 2010). Indeed, after 1 week of exposure to 

only solar light, humans demonstrate a phase advance towards increased synchrony between 

circadian timing and the natural light/dark cycle (Wright, McHill, et al., 2013). Light 

exposure also alters sleep timing, such that morning light exposure results in advanced 

sleep timing (Corbett et al., 2012; Dijk et al., 1989), and evening light exposure results in 

delayed sleep timing (Komada et al., 2000). Further, later first exposure to morning light is 

associated with more fragmented sleep the following night (Wams et al., 2017), highlighting 

the impact of timing of light exposure on subsequent sleep continuity. Thus, sleep timing 

may be delayed and sleep continuity disrupted during the pandemic, as individuals spend 

more time indoors while social distancing and those working from home are no longer 

exposed to morning sunlight during their morning commute. This assertion is supported 

by a recent finding that participants on lockdown in Germany reported spending less time 

outdoors, but more time spent outdoors was associated with increased sleep duration (Blume 

et al., 2020).

Relatedly, there is some evidence that evening light exposure from electronic devices 

may disrupt homeostatic sleep pressure (Chellappa et al., 2013). Decreased access to 

social activities may contribute to increased electronic usage, particularly at night given 

evidence for delayed sleep timing during the pandemic (Blume et al., 2020). Indeed, studies 

conducted during the first surge of the pandemic in Italy and Canada found that increased 

electronic use before bed is associated with small increases in sleep onset latency and delays 

in sleep timing (Cellini et al., 2020), and increased TV exposure is associated with worse 
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sleep quality (Robillard et al., 2020), respectively. These findings indicate that altered timing 

and amount of light exposure as a result of social distancing measures may perpetuate 

pandemic-related sleep disturbance by delaying sleep timing and disrupting sleep continuity.

In addition to light exposure, other behavioral zeitgebers disrupted by social distancing may 

perpetuate sleep difficulties during the pandemic. One such behavioral zeitgeber is exercise 

(Mistlberger & Skene, 2005). Timing of exercise is linked to phase shifts in the melatonin 

rhythm (Buxton et al., 2003; Yamanaka et al., 2015), and may facilitate entrainment to a 

phase-advanced sleep schedule (Miyazaki et al., 2001). Timing of physical activity is also 

associated with sleep timing, such that a higher proportion of morning activity is associated 

with earlier bedtime and rise time (Quante et al., 2019). Likewise, delayed sleep timing 

is associated with decreased moderate to vigorous physical activity (Shechter & St-Onge, 

2014). Increased sedentary behavior during social distancing and potential avoidance of 

exercise due to concerns about contracting the virus may contribute to delayed sleep timing 

during the pandemic. In addition to a potential circadian effect on sleep timing, exercise is 

also implicated in sleep architecture, such that regular exercise is associated with decreased 

sleep onset latency, wake after sleep onset, and REM sleep and increased total sleep time, 

sleep efficiency, and slow wave sleep (see Chennaoui, Arnal, & Sauvet, 2015 for a review). 

Indeed, participants in one study reported decreased exercise during the pandemic; however, 

increased exercise was associated with increased sleep duration (Blume et al., 2020), while 

decreased exercise was associated with increased insomnia risk during the pandemic (Fu 

et al., 2020). Thus, decreased exercise during the pandemic disrupt sleep continuity and 

architecture.

Changes in eating behaviors may also contribute to sleep disturbance during the pandemic. 

First, meal timing, another behavioral zeitgeber (Mistlberger & Skene, 2005), may be altered 

by disrupted or inconsistent daytime schedules during the pandemic. Studies of meal timing 

indicate early versus late meal timing shifts the timing of some circadian outputs, including 

core body temperature (Kräuchi et al., 2002) and circadian gene expression (Wehrens et al., 

2017). Likewise, later meal timing is associated with later sleep timing (Quante et al., 2019). 

Thus, changes in meal timing during the pandemic may contribute to variability in sleep 

timing. Changes in the content of food intake may also contribute to sleep disturbances. 

Individuals may consume higher calorie food during the pandemic due to stress or may 

choose high carbohydrate foods with longer shelf lives to reduce trips to the grocery store 

(e.g., pasta). Nutrient content in evening meals is linked to subsequent sleep continuity and 

architecture, such that higher calorie and carbohydrate evening food intake is associated with 

decreased sleep efficiency and REM sleep and increased sleep onset latency and wake after 

sleep onset (Crispim et al., 2011). Thus, variability in meal timing and nutritional content 

may contribute to delayed sleep timing and sleep disturbances during the pandemic.

Although social activity has been posited as a non-photic zeitgeber, evidence for such 

an effect is mixed and may be better accounted for by the pairing of social activity 

with other zeitgebers (i.e., light, exercise; Mistlberger & Skene, 2005). However, social 

activity has been implicated in sleep independent of circadian rhythms. Indeed, decreased 

engagement in social activity is associated with poor sleep quality (Carney et al., 2006), and 

increased loneliness is associated with decreased sleep efficiency (Cacioppo et al., 2002). 
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One study also found that loneliness is associated with increased insomnia symptoms during 

the pandemic (Kokou-Kpolou et al., 2020). Thus, social isolation during social distancing 

and working from home may contribute to poor sleep quality and continuity during the 

pandemic. Whether these effects may be offset by virtual social engagement remains 

unknown. Finally, research on the regularity of daily activities such as exercise, eating, 

social activities, and work suggest that increased irregularity is associated with poor sleep 

quality (Monk et al., 2003). There are numerous ways in which daily activities are more 

irregular during the pandemic, such as working at irregular times to meet childcare demands, 

altering exercise schedules to decrease exposure to others, and lack of regular social contact. 

Such irregularity likely results in inconsistent contact with circadian entrainment cues and a 

weak association between time of day (i.e., bedtime) and sleep, which in turn may disrupt 

sleep.

In addition to decreased exposure to circadian entrainment cues, other non-circadian features 

of the pandemic may also perpetuate sleep disturbances. One such feature is poor stimulus 

control. Behavioral theories of insomnia propose that difficulties with sleep initiation are due 

in part to the bed and/or bedroom being a weak discriminative stimulus for sleep. That is, 

consistent pairing of the bed/bedroom with responses other than sleep, such as wakefulness, 

reading, watching TV, etc., results in a weak association between the bed and sleep, such 

that the bed/bedroom do not reliably cue a sleep response (Bootzin & Stevens, 2005). 

Social distancing practices and working from home may thus contribute to poor stimulus 

control during the pandemic. For some, the bed or bedroom may be the only location 

in the home that affords privacy for working, particularly for those sharing small living 

spaces with others working from home and/or those with children who are now at home 

during business hours. Even under ideal circumstances (e.g., access to a designated home 

office space), unusually large amounts of time spent in the home with reduced exposure to 

discriminative cues (e.g., leaving the home for work) may weaken the association between 

the bed/bedroom and sleep. Individuals who have lost work due to the pandemic may 

develop poor stimulus control through a similar mechanism, as well as potential increased 

time spent in bed without the demands of a work day. Such diminished associative cueing 

may then perpetuate sleep disturbances during the pandemic.

Finally, the pandemic is likely to be associated with increased worry, which may also 

perpetuate sleep disturbances. Indeed, previous research suggests that worry prior to bed 

predicts subsequent poor sleep, including increased sleep onset latency and decreased total 

sleep time and sleep efficiency (McGowan et al., 2016). A host of pandemic-related worries 

may therefore perpetuate sleep problems, such as worries about finances, the health and 

safety of loved ones, and/or the long-term consequences of the pandemic. Indeed, the 

developing research indicates that pandemic-related anxiety, including uncertainty about 

the infection status of self and loved ones (Voitsidis et al., 2020) and uncertainty about 

having been exposed to COVID-19 (Casagrande et al., 2020), as well as general anxiety 

(Cellini et al., 2020; Gao & Scullin, 2020; Kokou-Kpolou et al., 2020) are associated with 

sleep disturbance during the pandemic. Interestingly, research from the insomnia literature 

suggests that sleep-specific worry (that is, worry about sleep problems) may be particularly 

potent for maintaining sleep difficulties (Lancee et al., 2017). Sleep-specific worries may 

take unique forms during the pandemic, such as worries about insufficient sleep resulting in 
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increased vulnerability to infection or impairing the ability to provide effective instruction 

for children completing online schooling. Thus, both general and sleep-specific worry may 

perpetuate sleep problems during the pandemic.

Implications for physical and mental health outcomes

Considerable research has delineated the negative consequences of poor sleep for both 

physical and mental health. Importantly, sleep disturbance is linked to conditions that may 

be particularly relevant during the pandemic. Previous research suggests that insufficient 

sleep is a risk factor for obesity, insulin resistance, and diabetes (Reutrakul & Van Cauter, 

2018), and obesity and diabetes have likewise been identified as predictors of COVID-19 

morbidity and mortality (Muniyappa & Gubbi, 2020). Similarly, insomnia is linked to 

subsequent hypertension (Jarrin et al., 2018), and hypertension has also been implicated as 

a risk factor for COVID-19 mortality (Zuin et al., 2020). Further, considerable research has 

delineated a bidirectional relationship between sleep health and immune system function 

(see Besedovsky, Lange, & Haack, 2019; Irwin & Opp, 2017 for reviews), including reduced 

immune responses to viral exposure among sleep deprived individuals and habitual short 

sleepers (Besedovsky et al., 2019). Likewise, accumulating evidence suggests immune 

responses are under circadian control (Scheiermann et al., 2018). These findings suggest 

that sleep and circadian rhythm disturbance may impair the ability of the immune system to 

mount an effective response to a viral threat, such as the coronavirus. Thus, disrupted sleep 

and circadian rhythms during the pandemic may contribute to poor physical health outcomes 

linked to COVID-19 and possibly vulnerability to COVID-19 itself.

Poor sleep during the pandemic may similarly be linked to pandemic-related mental health 

outcomes. For example, mood disorders may be particularly vulnerable to sleep disruptions 

during the pandemic. Disrupted sleep continuity and architecture feature prominently in 

major depressive disorder (Palagini et al., 2013; Soehner et al., 2014), and non-depressed 

individuals with insomnia are twice as likely to subsequently develop depression compared 

to non-depressed individuals without insomnia (Baglioni et al., 2011), highlighting a 

potential causal effect of sleep disturbance on the development of mood disorders. Likewise, 

in bipolar disorder, decreased need for sleep and altered circadian rhythms are observed 

in manic episodes (American Psychiatric Association, 2013; Murray & Harvey, 2010), and 

changes in sleep and contact with zeitgebers predict the onset of a mood episode (Murray 

& Harvey, 2010). These findings suggest that sleep and circadian rhythm disruptions may 

precipitate mood episode onset during the pandemic.

Poor sleep during the pandemic may also be linked to posttraumatic stress symptoms 

(PTSS). Considerable research has linked sleep disturbance to trauma, PTSS, and 

posttraumatic stress disorder (PTSD; see Zhang et al., 2019 for a review), and pre-trauma 

sleep disturbances are linked to the subsequent development of PTSS and PTSD (Koffel et 

al., 2013; Short et al., 2019). Indeed, the pandemic may be conceptualized as a mass trauma 

event (Horesh & Brown, 2020), which may then be followed by PTSS. Though research 

on mental health outcomes during the pandemic is nascent, preliminary findings indicate 

elevated PTSS following the pandemic onset (C. H. Liu et al., 2020), and subjective sleep 

disturbances are associated with higher levels of PTSS during the pandemic (Casagrande et 
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al., 2020; N. Liu et al., 2020). Together these findings suggest that sleep difficulties may 

exacerbate PTSS in response to the pandemic and suggest the need for research examining 

the role of sleep problems in pandemic-related PTSS.

There has also been speculation that the pandemic may contribute to new or worsening cases 

of obsessive-compulsive disorder (OCD) as a result of heightened focus on contamination 

and public health measures that parallel common contamination-related compulsions 

(Fineberg et al., 2020; Rivera et al., 2020). Indeed, one study of patients with OCD found 

increased OCD symptoms following the pandemic onset, particularly among those with 

contamination fears prior to the pandemic (Davide et al., 2020). Notably, both sleep and 

circadian rhythm disturbances have been implicated in OCD (Cox & Olatunji, 2020; Nota 

et al., 2015), including links between delayed sleep timing and increased next day OCD 

symptoms (Schubert et al., 2019). Thus, disturbances in sleep continuity and timing and 

variable circadian entrainment during the pandemic may contribute to pandemic-related 

OCD symptom exacerbations. Though no study to date has examined this effect, there 

is preliminary evidence that increased insomnia symptoms prior to the pandemic predict 

increased OCD symptoms following the pandemic onset (Cox & Olatunji, under review), 

highlighting potential impacts of sleep disturbance on OCD symptoms during the pandemic.

Recommendations and future directions

The 3P model emphasizes the role of perpetuating factors in the transition from acute to 

chronic insomnia (see Figure 1). Thus, a conceptualization of sleep disturbance during the 

pandemic through the 3P framework (see Figure 2) suggests that acute sleep problems 

experienced during the pandemic can be offset by eliminating or reducing the existence 

of perpetuating factors, such as those detailed above. The recommendations in Table 1 are 

provided to reduce the likelihood that acute insomnia during the pandemic transitions to 

chronic insomnia.

The full impact of the coronavirus pandemic on sleep remains to be determined, and there 

is a critical need for immediate and sustained research on sleep throughout the duration 

of the pandemic and in its aftermath. One such example is the International COVID-19 

Sleep Study (ICOSS), an international collaboration to examine sleep and circadian rhythm 

changes during the pandemic (Partinen et al., 2020). Relatedly, funding initiatives are 

needed to facilitate the initiation of new sleep-related projects during the pandemic and/or 

the addition of pandemic-oriented questions to existing projects. For example, studies 

utilizing prospective monitoring of sleep continuity (e.g., sleep diaries), particularly in more 

socioeconomically diverse samples, may provide more insight into nightly variability in 

sleep without the limitations of retrospective reporting. Relatedly, ecological momentary 

assessment studies sampling daily exposure to zeitgebers are also needed to examine the 

predictive effect of variable exposure to circadian entrainment cues on the subsequent 

night’s sleep. However, the extant literature suggests divergent sleep responses to the 

pandemic that depend on stress and pre-existing risk factors. Extant findings are consistent 

with the 3P model of insomnia, which proposes that chronic insomnia develops through 

interacting predisposing, precipitating, and perpetuating factors, and suggest that the 3P 

model may also account for sleep changes during the pandemic. In addition to identifying 
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who may be most vulnerable to poor sleep in the face of pandemic-related stress, a 

significant strength of the 3P model is the articulation of malleable perpetuating factors 

that may maintain sleep disruption over time.

The pandemic-specific perpetuating factors proposed here (see Figure 2) are likely not 

exhaustive; thus, continued research is needed to fully elucidate behavioral mechanisms 

to target in sleep interventions during the pandemic. The necessity of such intervention 

is supported by previous research linking sleep disturbances to poor physical and mental 

health outcomes over time. Indeed, the pandemic highlights a critical need for behavioral 

health interventions to complement public health initiatives (Kaslow et al., 2020). Notable 

organizations related to public health (e.g., American Psychological Association, American 

Medical Association, etc.) should include sleep health dissemination in their pandemic 

response campaigns. Healthcare professionals should screen for sleep disturbance during 

mental and physical health visits. CBT-I principles, reflected in the recommendations 

provided here, are an ideal component of behavioral health responses to the pandemic, 

as online CBT-I is highly efficacious for sleep problems and has secondary benefits for 

comorbid mental and physical health conditions (Drerup & Ahmed-Jauregui, 2019). Further, 

CBT-I has been shown to be effective when administered in primary care settings by 

providers from a range of disciplines (e.g., nurses, social workers, counselors) (Davidson et 

al., 2019), and a “one-shot” CBT-I administration has also been shown to reduce insomnia 

symptoms (Randall et al., 2019), highlighting the potential for application beyond the 

traditional therapy framework. Given the significant overlap between sleep and physical 

and mental health and the efficacy of CBT-I, psychology training programs should place 

increased emphasis on training students in sleep and behavioral sleep interventions. The 

available literature suggests sleep disturbances may develop during the pandemic through 

interactions between pandemic-specific predisposing, precipitating, and perpetuating factors, 

and behavioral sleep interventions are well-positioned to target such factors during the 

pandemic, which may offset potential consequences of sleep disruption on physical and 

mental health.
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Public Significance Statement

This article reviews the developing literature on the effects of the pandemic on sleep 

and highlights potential features of the pandemic that may predispose, precipitate, and 

perpetuate sleep disturbance. Sleep disturbance may contribute to poor physical and 

mental health outcomes during the pandemic, and interventions for healthy sleep should 

be integrated into behavioral and public health responses to the pandemic.
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Figure 1. 
3P model of insomnia adapted from Spielman et al., 1987.
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Figure 2. 
Depiction of interactions between potential pandemic-specific predisposing, precipitating, 

and perpetuating factors.

Cox and Olatunji Page 21

Am Psychol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cox and Olatunji Page 22

Table 1.

Recommendations for sleep health during the coronavirus pandemic

Recommendations for sleep health during the coronavirus pandemic

1. Maintain a consistent bedtime and wake time, and only go to bed when feeling sleepy and ready to sleep.

2. Refrain from using the bed/bedroom for activities other than sleep and sex. Avoid spending any more time in the bed/bedroom than was spent 
there prior to the pandemic.

3. If having trouble sleeping, get out of bed, and engage in some pleasant, relaxing activity outside of the bedroom for 15-20 minutes or until 
sleepiness has increased. Repeat this procedure as needed.

4. If working from home, establish a dedicated workspace that is clearly separate from the bed and bedroom.

5. Get natural daylight exposure during the day, particularly in the morning (e.g., step outside in the morning). Bright light boxes may also be 
used if access to natural light is limited. A minimum of 30 minutes of bright light exposure with 1-2 hours after awakening is recommended.

6. Limit exposure to bright light, particularly blue light close to bedtime.

7. Maintain a regular exercise regimen, ideally in natural daylight.

8. Maintain regular meal timing. Avoid high calorie/carbohydrate/fat foods close to bedtime.

9. Limit exposure to pandemic-related news close to bedtime.

10. If worry is interfering with sleep, schedule a daily “worry time” devoted to thinking through and writing out worry content.

11. Limit prescription sleep medication to short-term use to avoid side effects, tolerance, and/or dependence. Only use prescription sleep 
medications as directed by a prescriber.

12. If sleep problems are severe, persistent, and interfering with daytime functioning, consider seeking a referral for cognitive behavior therapy 
for insomnia (CBTI). CBTI is recommended as the first-line treatment for insomnia by the American College of Physicians (Qaseem et al., 
2016).
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