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Chapter I 

 

Introduction 

 

The high degree of sleep loss in the US has been called a public health crisis (Barnes & 

Drake, 2015). Although the Centers for Disease Control (CDC) recommend 7-8 hours of sleep 

per night for adults, almost 30% of US adults report getting 6 or less hours of sleep per night on 

average (CDC, 2009). The high rate of adults who get less than the recommended amount of 

sleep is particularly alarming given the well-documented effects of sleep loss across multiple 

systems, including negative effects for physiological, cognitive, and emotional functioning. For 

example, sleep loss impairs immune system function (Dinges et al., 1995) and alters cortisol 

secretion (Omisade et al., 2010). Similarly, sleep loss impairs higher-order cognitive function, 

such as attention and decision-making (Horne & Harrison, 2000) and leads to deficits in 

inhibition (Drummond et al., 2006). Finally, sleep disturbance is linked to impaired emotional 

function, including increased negative affect (Dinges et al., 1997), problems with emotion 

regulation (Mauss et al., 2013), and increased stress reactivity (Minkel et al., 2014). Sleep 

disturbance is also highly comorbid with most psychiatric disorders (Baglioni et al., 2016; Benca 

et al., 1992) and is linked to risk for suicidal ideation and suicide attempts (Pigeon et al., 2012). 

High rates of comorbidity between sleep problems and psychopathology, as well as overlap 

between neurobiological systems that support sleep and affective function, have led to the 

proposal of sleep as a transdiagnostic factor that may mechanistically contribute to 

psychopathology (Harvey et al., 2011) and suggest that understanding the basic mechanisms of 

sleep may yield insight into mental health outcomes. 
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How is Sleep Defined? 

 Sleep is defined as a reversible state of decreased engagement with and responsivity to 

the environment with behavioral correlates such as closed eyes, recumbence, and diminished 

observable activity (Carskadon & Dement, 2011). Physiologically, sleep can be classified into 

two categories: non-rapid eye movement (NREM) and rapid eye movement (REM) sleep. 

NREM sleep can be further classified into four stages1 (stage 1, stage 2, stage 3, stage 4) 

reflecting progression into deeper sleep (Siegel, 2004). NREM sleep is characterized by 

synchronous electroencephalogram (EEG) activity that is marked by distinct features including 

sleep spindles, K-complexes, and high amplitude, low frequency “slow waves” (Carskadon & 

Dement, 2011). As sleepers move from stage 1 to stage 4, faster frequency, lower amplitude 

waveforms such as alpha and beta waves decrease and higher amplitude, lower frequency theta 

and delta waves increase (Moorcroft, 2003). Slow wave sleep (SWS) or delta sleep refers to 

stages 3 and 4, during which highest amplitude delta waves occur (Siegel, 2004). NREM sleep is 

typically associated with the potential for muscle movement and limited mentation or dreams 

(Carskadon & Dement, 2011). In contrast, REM sleep is characterized by low amplitude, fast 

frequency EEG activity similar to that observed during wakefulness and is therefore commonly 

referred to as paradoxical sleep (Siegel, 2004). REM sleep is also distinguished by rapid eye 

movements, muscle atonia, dreams, irregular heart rate, and increased blood pressure, respiratory 

rate, and pupil diameter ( Carskadon & Dement, 2011; Siegel, 2004). 

 Sleep architecture describes the distribution of time spent in each stage of sleep in a given 

night. Healthy adults cycle through the stages of NREM and REM sleep in a largely stable 

 
1 Note that the American Academy of Sleep Medicine (AASM) terminology combines stages 3 
and 4 (N3; Iber, Ancoli-Israel, & Quan, 2007). 
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fashion. The first sleep cycle of the night typically progresses as follows: 1 to 7 minutes of stage 

1, 10 to 25 minutes of stage 2, 20 to 40 minutes of SWS, and 1 to 5 minutes of REM (Carskadon 

& Dement, 2011). This cycle is then repeated over the course of the night with decreasing time 

spent in SWS and increasing time spent in REM sleep with each subsequent cycle (Brown, 

Basheer, McKenna, Strecker, & McCarley, 2012; Carskadon & Dement, 2011) for an average of 

4-5 cycles (Moorcroft, 2003). In a given night, approximately 5% of sleep is spent in stage 1, 

50% in stage 2, 20% in SWS, and 25% in REM (Moorcroft, 2003). Previous research has found 

evidence for variability in sleep architecture in the anxiety-related disorders, including decreased 

REM latency in OCD (Insel et al., 1982), increased stage 1% in OCD and panic disorder (Ferini-

Strambi et al., 2002; Insel et al., 1982), and decreased SWS% in posttraumatic stress disorder 

(PTSD) (Fuller et al., 1994). 

Neural Mechanisms of Sleep  

 Understanding the neurobiology of sleep first requires an understanding of the 

mechanisms of wakefulness. Wakefulness is achieved through a grouping of excitatory pathways 

originating in the reticular formation in the brainstem and extending to the cortex known as the 

ascending reticular activating system (ARAS; Siegel, 2004). The ARAS consists of two 

branches, the dorsal and ventral pathways, with distinct neurotransmitter activity (Brown et al., 

2012). The dorsal pathway originates in the laterodorsal and pedunculopontine tegmental nuclei 

(LDT/PPT), which innervate the thalamus via acetylcholine (Schwartz & Roth, 2008). The 

thalamus then projects excitatory signals widely to the cortex (Brown et al., 2012). The ventral 

pathway includes noradrenergic projections from the locus coeruleus and serotonergic 

projections from the raphe nuclei (Brown et al., 2012). These regions send excitatory signals 

directly to the cortex (Jones, 2011), as well as indirectly through the tuberomamillary nucleus 
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and lateral hypothalamus, which in turn send arousal signals to the cortex through the basal 

forebrain via histamine, orexin, and acetylcholine, respectively (Brown et al., 2012).  

 NREM sleep is achieved through inhibition of wake-promoting pathways. The ventral 

lateral preoptic nucleus of the hypothalamus contains a group of neurons that utilize GABA and 

galanin to inhibit the ARAS (Brown et al., 2012), and these neurons fire most frequently during 

NREM sleep (España & Scammell, 2011). Likewise, the median preoptic area contains 

GABAergic neurons that inhibit the ARAS (Brown et al., 2012), which begin firing just before 

NREM sleep (España & Scammell, 2011). Importantly, the VLPO is also inhibited by wake-

promoting regions (Schwartz & Roth, 2008). This mutually inhibitory link between NREM sleep 

and wake is known as the “flip-flop” switch (Saper et al., 2001), which describes the rapid 

transitions between wake and NREM sleep where the activation of one system turns the other 

“off” and vice versa.  

 REM sleep is generated by “REM-on” cells in the pons, which are observed to have their 

highest firing rate during REM sleep (Moorcroft, 2003; Siegel, 2004). Cholinergic neurons in the 

LDT/PPT are thought to produce the paradoxical wake-like EEG activity and muscle atonia 

evident in REM, the latter of which is mediated by glycine signaling from the medulla (España 

& Scammell, 2011). Notably, many LDT/PPT nuclei are also active during wakefulness, though 

a subpopulation is selectively active during REM (España & Scammell, 2011). Classic 

formulations proposed that REM sleep was regulated by inhibitory interactions between these 

cholinergic pathways and monoaminergic systems (McCarley & Hobson, 1975). However, 

recent findings have also implicated other regions in REM regulation. GABAergic and 

glutamatergic signaling in the sublaterodorsal nucleus is linked to REM EEG activity and muscle 

atonia, and this region may participate in a reciprocal inhibitory loop with GABAergic neurons 



 5 

in the ventral periaqueductal grey and lateral pontine tegmentum to regulate NREM/REM 

transitions (Saper et al., 2011). Finally, neurons in the lateral hypothalamus which are highly 

active during REM and quiescent during wake are thought to utilize GABA and melanin-

concentrating hormone to inhibit the same wake promoting regions that are activated by orexin 

(España & Scammell, 2011).  

How is Sleep Measured? 

Sleep measurement can be broadly grouped into objective and subjective methods. While 

objective assessment is unbiased and more precise, subjective measures are also critical, as 

polysomnography (PSG) indices explain limited variance in subjective sleep quality (Kaplan et 

al., 2017). Thus, both objective and subjective methods are necessary to capture the sleep 

experience and may similarly be necessary to fully characterize sleep in psychopathology. 

 Sleep is a complex process represented by multiple indicators. Sleep continuity reflects 

the consistency of sleep and includes the following parameters: total sleep time (TST), sleep 

onset latency (SOL), sleep efficiency (SE), number of awakenings (NWAK), and wake after 

sleep onset (WASO). Sleep architecture is percentage of time spent in a given stage during the 

sleep period (i.e., stage 1%, rapid eye movement [REM]%, etc.). Additional REM parameters 

include REM onset latency, or the time from sleep onset to first REM period, and REM density, 

or the frequency of rapid eye movements (Baglioni et al., 2016).  

Objective Sleep Methods 

Polysomnography (PSG)  

PSG is the most comprehensive objective measure of sleep and consists of 

electroencephalogram recordings (EEG), electrooculogram recordings (EOG), and 

electromyogram recordings (EMG) (Bastien, 2011). Though considered gold-standard, PSG is 
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limited by its relative expense, burden to the participant (Ancoli-Israel et al., 2003), and lack of 

ecological validity (Buysse et al., 2006). 

Actigraphy  

Actigraphy measures motion using accelerometers, allowing for estimation of sleep/wake 

patterns (Ancoli-Israel et al., 2003). Actigraphy correlates highly with PSG (Cellini et al., 2013) 

but is less consistent with sleep diaries (Lockley et al., 1999). Actigraphy has increased 

ecological validity, low expense, and minimal invasiveness relative to PSG (Ancoli-Israel et al., 

2003) but detects wakefulness less reliably (Paquet et al., 2007).   

Subjective Sleep Methods 

Sleep diary  

Sleep diaries capture the subjective perception of the previous night’s sleep, typically 

over one week (Carney et al., 2012). Sleep diaries commonly include self-reported sleep 

continuity and sleep quality (Buysse et al., 2006) and are considered the gold-standard for 

subjective sleep assessment (Carney et al., 2012). Sleep diaries are ecologically valid, low 

burden, and low cost but are limited by reliance on the participant’s ability to accurately estimate 

their sleep (Buysse et al., 2006).  

Sleep Questionnaires 

Sleep questionnaires assess global subjective sleep quality and disturbances over a 

specified time period (Buysse et al., 2006). Sleep questionnaires are the lowest cost and burden 

option for measuring sleep and are unique in sampling sleep-related impairment. However, like 

sleep diaries, they are vulnerable to inaccuracy, as well as increased retrospective bias.  

Summary 
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Each mode of assessment samples a different facet of sleep that may be dysregulated in 

psychopathology. However, extant research in this area has largely utilized a single-method 

approach, which precludes identifying distinct patterns of sleep disturbance across psychiatric 

conditions that may provide novel insight into underlying physiology. Thus, a multi-method 

approach that integrates subjective and objective assessment is necessary to fully characterize 

sleep in psychopathology, including anxiety-related disorders.  

Linking Sleep and Obsessive-Compulsive Disorder (OCD) 

Despite considerable evidence for the widespread impact of sleep disturbance, sleep 

remains an understudied factor in psychopathology (Harvey, 2008). Sleep disturbance has 

typically been considered an epiphenomenon, and limited research has addressed how sleep 

disturbance may actually contribute to psychopathology (Harvey, 2008). Considering extant 

research showing that sleep loss impairs physiological, cognitive, and emotional function, it is 

critical to move beyond the typical framework of sleep disturbance as a symptom of 

psychopathology to examine how sleep disturbance may contribute to the development of these 

disorders and identify specific mechanisms that account for this relationship. This novel 

approach to the link between sleep disturbance and psychopathology may highlight important 

new targets for intervention.  

A literature review conducted by our lab indicates that sleep disturbance may be 

important for understanding multiple anxiety-related disorders (Cox & Olatunji, 2016a), 

including obsessive-compulsive disorder (OCD). OCD is a chronic and debilitating disorder 

characterized by obsessions, or intrusive distressing thoughts, and compulsions, or repetitive 

behaviors intended to reduce the distress of the obsessions. Common themes in OCD include 

contamination, symmetry, harm, and religiosity (American Psychiatric Association, 2013). OCD 
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is one of the least common anxiety-related disorders, with 12-month and lifetime prevalence 

rates of 1% and 1.9%, respectively (Kessler, Berglund, et al., 2005; Kessler, Chiu, et al., 2005). 

OCD can be subtyped into early onset (11 years old) and late onset (23 years old). Early onset 

OCD represents 76% of cases, is more common in males, and is linked to increased symptom 

severity (S. Taylor, 2011). Current models of OCD posit a diathesis-stress model in which the 

interaction of genetic vulnerabilities and environmental stressors results in hyperactivity in 

cortico-striato-thalamo-cortical circuitry (Chamberlain et al., 2005; Pauls et al., 2014). Results 

from our lab indicate that in a nationally representative sample, individuals with sleep 

disturbance report increased OCD symptoms compared to individuals without sleep disturbance 

(see Figure 1; Cox & Olatunji, 2016b), and extant research links both subjective and objective 

sleep disturbance with OCD symptoms (Cox & Olatunji, 2016a).  

 

Figure 1. Obsessive-compulsive disorder (OCD) symptoms in those with and without sleep 
disturbance from Cox & Olatunji, 2016b.  

 

Likewise, objective sleep studies have found evidence for decreased TST (Voderholzer et 

al., 2007) and variability in REM sleep parameters in OCD (Insel et al., 1982; Rapoport et al., 
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1981). In contrast, limited research has examined subjective sleep in OCD, with the one extant 

study indicating no differences between those with OCD and healthy controls (Bobdey et al., 

2002). Interestingly, our meta-analysis of sleep in anxiety-related disorders found a unique 

pattern of sleep disturbance in OCD. Specifically, OCD was characterized by shorter TST and 

REM pressure (i.e., decreased REM latency, increased REM%, increased REM density) but not 

the disturbed sleep continuity evident in other anxiety-related disorders (Cox & Olatunji, 2020). 

Thus, further delineation of the role of sleep in OCD may yield new insight into unique 

biopsychological mechanisms. Given the debilitating nature of OCD (Ruscio et al., 2010), it is 

critical to identify novel targets for intervention that may improve treatment outcome, such as 

sleep disturbance.  

The Role of Circadian Rhythms 

Importantly, sleep is partly regulated by circadian rhythms (Borbély et al., 2016). 

Circadian rhythms are autonomous 24-hours cycles in processes ranging from gene expression to 

behavior that occur independent of environmental input, and misalignment in these rhythms 

results in pathology (Roenneberg & Merrow, 2016). Accumulating evidence implicates 

disruptions in circadian rhythms to psychopathology (e.g., McClung, 2013; Wulff, Gatti, 

Wettstein, & Foster, 2010). Alterations in diurnal cortisol secretion are evident in multiple 

disorders, including PTSD (Morris et al., 2012), depression (Vreeburg et al., 2010), and anxiety 

disorders (Kallen et al., 2008; Vreeburg et al., 2013). Likewise, decreased melatonin is linked to 

affective disorders more broadly (Carpenter et al., 2017; Naismith et al., 2012). The overlap 

between circadian rhythms, sleep, and psychopathology is most evident in studies linking 

delayed sleep timing to psychopathology (Robillard et al., 2015), with a particularly robust effect 

in OCD (Nota et al., 2015). Further, one recent study found increased OCD prevalence at more 
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northern latitudes (Coles et al., 2018), suggesting circadian dysregulation due to decreased light 

exposure may contribute to OCD pathology. The potential role of sleep and circadian rhythms in 

OCD may have important treatment implications, as recent findings show that inpatient OCD 

treatment facilities with consistent lights out times yield higher rates of treatment response 

(Coles & Stewart, 2019). Together these findings call for additional examination of circadian 

processes within the context of OCD.  

One such circadian process that has received recent attention is chronotype. Chronotype 

represents a spectrum from morningness to eveningness, such that individuals who trend towards 

eveningness have a later sleep-wake schedule and later peaks in circadian processes such as 

cortisol, core body temperature, and subjective alertness and vice versa (Bailey & Heitkemper, 

2001; Kerkhof & Van Dongen, 1996). Importantly, eveningness may be indicative of 

desynchrony in circadian rhythms and environmental demands (Duffy et al., 2001). In addition to 

findings linking chronotype and psychopathology more broadly (Antypa et al., 2016; Lemoine et 

al., 2013), recent results from our lab utilizing a structural equation modeling approach suggest 

that eveningness may be uniquely linked to anxiety symptoms (Cox & Olatunji, 2019; see Figure 

2).  



 11 

 

Figure 2. Unique associations between latent chronotype, sleep disturbance, anxiety, and 
negative affect from Cox & Olatunji, 2019.  

 

This finding is consistent with previous circadian rhythm research delineating the 

negative effects of “living against the circadian clock” (Roenneberg & Merrow, 2016). Social 

jetlag, or a misalignment between the internal circadian clock and environmental demands 

(Wittmann et al., 2006), can be conceptualized as a milder form of shift work and has been 

linked to poor mental health (see Taylor & Hasler, 2018 for a review). A consistent mismatch 

between desired sleep/wake timing and daily schedules may result in chronic sleep disturbance 

(e.g., increased sleep onset latency, decreased total sleep time, insomnia symptoms), which may 

then confer vulnerability for OCD. Indeed, we recently published evidence for a prospective 

relationship between eveningness and OCD symptoms that was partially mediated by insomnia 

symptoms (Cox, Tuck, & Olatunji, 2018; see Figure 3). However, as with sleep disturbance, few 

studies have examined the role of circadian processes, such as chronotype, as contributing 

factors to OCD, and other intervening processes remain unknown. The proposed studies will use 

OCD as a case example to examine specific mechanisms that may link chronotype and sleep 
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disturbance to psychopathology. The results of these studies will inform future research 

examining how sleep and circadian processes contribute to various psychopathological processes 

and their treatment.   

 

Figure 3. The mediating role of sleep disturbance in the prospective association between 
eveningness and OCD symptoms from Cox, Tuck, & Olatunji, 2018.  

 

Potential Mechanisms Linking Sleep and Circadian Rhythm Disturbance to OCD 

Inhibition 

One candidate mechanism that may explain the relationship between sleep disturbance 

and OCD is inhibition, or the use of cognitive control to withhold a prepotent response (Wiecki 

& Frank, 2013). Extant research indicates that sleep deprivation impairs inhibition (Drummond 

et al., 2006), even when controlling for potential time of day effects (Bocca et al., 2014). 

Likewise, habitual patterns of sleep duration and variability are also associated with cognitive 

control (Whiting & Murdock, 2016; Wilckens et al., 2014). Findings from neuroimaging 
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research indicate that sleep loss leads to decreased functional connectivity between prefrontal 

regions (Verweij et al., 2014), as well as decreased activation of these regions (Ma et al., 2015). 

Given the links between inhibitory control and prefrontal activity (Verbruggen & Logan, 2008), 

insufficient sleep may disrupt prefrontal cortex’s top-down control capability, which then leads 

to impaired inhibition.   

Preliminary results of a structural equation model of self-report data from our lab indicate 

that deficits in executive function partially account for the relationship between sleep disturbance 

and repetitive negative thinking, even with general distress included in the model (see Figure 4; 

Cox, Ebesutani, & Olatunji, 2016). Thus, problems with executive function, such as inhibitory 

deficits, due to sleep disturbance may be a unique factor that contributes to the development of 

psychopathological processes, such as intrusive thought. This interpretation is consistent with 

recent findings indicating links between habitual sleep duration and cognitive control among 

individuals with elevated repetitive negative thinking (Nota & Coles, 2018).  
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Figure 4. The mediating role of executive function in the association between sleep disturbance 
and maladaptive repetitive thought from Cox, Ebesutani, & Olatunji, 2016.  

 

Likewise, individuals with OCD exhibit consistent deficits in cognitive functions 

regulated by prefrontal control (Snyder et al., 2015). Inhibitory deficits linked to frontal cortex 

abnormalities may underlie the inability to control or regulate obsessions and and/or compulsions 

(Chamberlain et al., 2005). Indeed, recent evidence indicates that individuals with OCD exhibit 

inhibitory deficits compared to healthy controls (Kang et al., 2013; McLaughlin et al., 2016), and 

impaired inhibitory function is associated with decreased activity in frontal regions (Kang et al., 

2013). Consistent with the inclusion of cognitive control in the Research Domain Criteria 

(RDoC) matrix set forth by the National Institutes of Mental Health for studying 

psychopathology (Insel et al., 2010), it is critical to understand how deficits in cognitive control 

processes, such as inhibition, may contribute to OCD. 
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Stress 

 Another candidate mechanism in the relationship between sleep disturbance and OCD is 

stress. Although stress is an adaptive response to threat, a stress response that is excessive, 

blunted, and/or prolonged can contribute to physiological and psychological disorder (McEwen 

& Karatsoreos, 2015). Stressful life events are linked OCD onset (Rosso et al., 2012), and daily 

stressors are linked to increased daily OCD symptoms (Macatee et al., 2013). While few studies 

have examined stress reactivity in OCD, one study found increased subjective and physiological 

stress reactivity in women with postpartum OCD compared to healthy postpartum women (Lord 

et al., 2012). Notably, this study also found evidence for increased subjective sleep disturbance 

in the postpartum OCD sample. However, no study to date has examined how stress reactivity 

may link sleep disturbance to OCD symptoms. This gap in the literature is notable given 

previous findings that both acute sleep loss (Minkel, Moreta, et al., 2014) and chronic poor sleep 

(Massar et al., 2017; Mrug et al., 2016) predict increased stress reactivity. Likewise, poor 

executive function abilities are associated with increased stress reactivity (Hendrawan et al., 

2012), possibly due to diminished top-down control from the prefrontal cortex (Taylor et al., 

2008). Taken together, results from the extant literature suggest that sleep disturbance may 

impair inhibitory control, which may then result in increased stress reactivity.  

Towards a Comprehensive Model of Sleep and Circadian Rhythm Disturbance in OCD 

Our comprehensive review of the literature (Cox & Olatunji, 2016a) points to inhibition 

and stress as two candidate mechanisms that may link sleep disturbance to OCD. The proposed 

model (see Figure 5) integrates disconnected lines of research and hypothesizes that later 

circadian timing, such as evening chronotype, contributes to OCD through sleep disturbance, and 

sleep disturbance contributes to OCD through decreased inhibition and increased stress 
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reactivity. More specifically, acute sleep disturbance may lead to acute OCD symptoms in the 

short term, and over time, chronic sleep disturbance due to underlying circadian rhythm 

abnormalities may contribute to the development of OCD.  

 

Figure 5. Conceptual model of the pathway from delayed circadian rhythms to psychopathology 
through the serial effects of sleep disturbance, inhibition, and stress.  
 

The proposed studies will test this model by utilizing multiple levels of analysis to 

combine subjective and objective measures, as well as laboratory and ambulatory assessment to 

fully examine the role of later circadian timing and sleep disturbance in OCD. Study 1 will 

examine the impact of acute sleep restriction on inhibition and OCD symptoms and the 

moderating role of daily stressors in healthy sleepers. Study 2 will compare individuals with 

OCD to healthy controls on indicators of circadian timing, sleep, inhibition, and stress reactivity, 

test a model by which sleep disturbance mediates the relation between later circadian timing and 

OCD symptoms, and examine the impact of daily sleep duration and timing on OCD symptoms. 

The results of these studies will provide insight into whether acute sleep loss causes OCD 

symptoms in the short term and how later circadian timing and sleep disturbance are linked to 

OCD through downstream dysregulated processes, including decreased inhibition and increased 

stress reactivity. The goal of this research program is to apply this model to other disorders and 

processes to understand how sleep and circadian processes contribute to psychopathology.  
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Chapter II 

 

Study 1 

 

As reviewed above, accumulating evidence suggests that sleep disturbance is highly 

comorbid with anxiety-related disorders, including OCD (see Cox & Olatunji, 2016 for a review) 

and is associated with increased disability (Ramsawh et al., 2009). In fact, increasing research 

indicates that sleep disturbance may causally contribute to anxiety-related symptoms and 

disorders. Indeed, sleep disturbance predicts increased general anxiety symptoms across a range 

of sampling periods, from 1 day (Cox, Sterba, et al., 2018) to over 6 months (Doane et al., 2014). 

Longitudinal studies have also found a prospective link between sleep disturbance and increased 

OCD symptoms (Cox, Tuck, et al., 2018) broadly, as well as increased obsessions, specifically 

(Cox, Cole, et al., 2018). Interestingly, one cross-sectional study found that only obsessions, but 

not other facets of OCD, are associated with sleep disturbance (Timpano et al., 2014), suggesting 

that sleep disturbance may uniquely influence facets of OCD characterized by intrusive 

cognition. However, the impact of acute sleep loss on these symptoms remains unclear. Although 

previous research has found that total sleep deprivation increases state anxiety, relatively few 

studies have examined the impact of partial sleep restriction on anxiety (Pires et al., 2016), and 

no study to date has examined the effect of sleep restriction on OCD symptoms. This is an 

important gap in the literature, as partial sleep restriction is more similar to the insufficient sleep 

individuals are likely to experience in daily life, and findings from total sleep deprivation 

paradigms may not extend to day-to-day sleep disruptions. Further, testing the effect of acute 
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sleep loss on OCD symptoms is an important first step in testing a causal link between sleep 

disturbance and OCD. 

Sleep restriction designs may be more ecologically valid for examining the effects of 

partial sleep loss on OCD symptoms. Extant sleep restriction studies have used one of two 

paradigms: shorter sleep duration with a shorter sampling period (e.g., 4 hours sleep opportunity 

for one night; Sadeh, Dan, & Bar-Haim, 2011; Wu et al., 2008) or longer sleep duration with a 

longer sampling period (e.g., 5-6.5 hours sleep opportunity for 5-7 nights; (Baum et al., 2014; 

Cousins et al., 2018). The few studies examining sleep restriction indicate a subsequent increase 

in state anxiety in adults (Irwin et al., 2012; Wu et al., 2008) and adolescents (Reddy et al., 2017) 

using both paradigms. These findings highlight the deleterious effects of sleep restriction on the 

transitory emotional state consisting of feelings of apprehension, nervousness, and physiological 

sequelae such as an increased heart rate or respiration. However, the impact of sleep restriction 

on obsessions specifically and other OCD symptoms more broadly (i.e., checking, ordering, 

contamination) remains unclear. Such symptoms offer more specific insight into the role of sleep 

loss in OCD relative to state anxiety, which can be acutely elevated in the absence of anxiety 

pathology (Botella & Parra, 2003) and does not reliably distinguish between individuals with 

high and low OCD symptoms (Abramovitch et al., 2015). 

 What is also unclear in the existing literature is the mechanism by which sleep loss exerts 

its potential effects on OCD symptoms. As reviewed previously, one possible mechanism is 

inhibition. In addition to total sleep deprivation, deficits in inhibition are also found in studies 

implementing sleep restriction paradigms (Demos et al., 2016; Lo et al., 2016), suggesting that 

even partial sleep curtailment negatively impacts cognitive control abilities. Given evidence for 

inhibitory deficits in OCD (Kang et al., 2013; McLaughlin et al., 2016; Penadés et al., 2007), 
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effective inhibition may limit intrusive anxious cognition and behaviors, such as obsessions and 

compulsions; however, when inhibition is impaired by sleep loss, such symptoms may occur in 

excess.  

  Stress may also contribute to the effects of sleep loss on OCD symptoms. As discussed 

previously, stressful life events are associated with OCD onset (Rosso et al., 2012) and daily 

stressors are associated with increased daily OCD symptoms (Macatee et al., 2013). Previous 

research also indicates that sleep deprivation impacts affective response to stress, such that mild 

stressors are perceived as more distressing when sleep deprived (Minkel, Banks, et al., 2014). 

These findings link both sleep loss and stressors to adverse emotional outcomes, such as OCD 

symptoms, and suggest that experiencing a stressor following sleep restriction may amplify the 

negative emotional effects of sleep loss.   

Taken together, extant findings suggest that inhibition may be one mechanism by which poor 

sleep results in increased OCD symptoms, and stress may moderate this effect. Study 1 tested this 

mechanism using a partial sleep restriction design. We hypothesized that inhibition would decrease 

(Hypothesis 1a) and OCD symptoms would increase (Hypothesis 1b) following sleep restriction, 

decreased inhibition due to sleep restriction would predict increased OCD symptoms following sleep 

restriction (Hypothesis 2), and stress would increase the effects of sleep restriction on inhibition and 

OCD symptoms (Hypothesis 3). We also conducted exploratory analyses to extend Hypothesis 2 to 

obsessions and non-obsession OCD symptoms and repetitive negative thinking to further probe the 

predictive value of post-sleep restriction inhibition on specific OCD symptoms. We then conducted 

additional exploratory analyses to examine the effect of baseline objective and subjective sleep 

efficiency on the relations between post-sleep restriction inhibition and post-sleep restriction OCD 

symptoms.  
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Methods 

Participants 

 The sample consisted of undergraduates and community adults identified as healthy 

sleepers, indicated by the absence of insomnia symptoms on the Insomnia Severity Index (N = 

113).	Undergraduate students were recruited from psychology courses and were compensated 

with course credit. Community adults were recruited from flyers, a university research email 

notification system, and ResearchMatch, a national health volunteer registry created by several 

academic institutions and supported by the U.S. National Institutes of Health as part of the 

Clinical Translational Science Award (CTSA) program, and were compensated with $75. Two 

participants withdrew prior to the second laboratory session, and one participant was withdrawn 

by study personnel for noncompliance in the first laboratory session. Participants who were 

identified as noncompliant with the sleep restriction protocol (i.e., actigraphy data indicated 60 

or more minutes of continuous sleep between time of awakening the morning prior to the sleep 

restriction night and laboratory session 2, excluding the instructed 4:00am to 8:00am sleep 

period; n = 14), identified as noncompliant with wearing the actigraph (i.e., device detected non-

wear time that was not logged in the participant’s sleep diary; n = 8), and/or identified as non-

responders to the sleep restriction procedure (i.e., sleepiness measured via the Stanford 

Sleepiness Scale following sleep restriction was less than or equal to sleepiness prior to sleep 

restriction; n = 18) were excluded from analyses for a final sample of 73 participants.  

 The mean age of the final sample was 24.23 years (SD = 10.82), ranging from 18 to 64 

years (69.9% female). The ethnicity composition was as follows: Caucasian (n = 42; 57.5%), 

African American (n = 7; 9.6%), Asian (n = 17; 23.3%), Hispanic/Latino (n = 4; 5.5%), Other (n 
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= 3; 4.1%). Participants who were excluded from analysis did not differ from those included on 

age, race, gender, or baseline sleep measures. 

Measures 

Sleep  

Actigraphy is an objective sleep measure that estimates sleep and wake from motion 

(Ancoli-Israel et al., 2003). The present study utilized ActiGraph wGT3X-BT activity monitors 

(ActiGraph, Pensacola, FL). Previous research indicates that actigraphy is highly accurate when 

compared to polysomnography (Marino et al., 2013) and that the ActiGraph wGT3X-BT is 

reliable and valid for estimating sleep (Cellini et al., 2013). Objective sleep efficiency was 

calculated with the Sadeh algorithm (Sadeh et al., 1994). Sleep periods were entered manually 

using participant-reported time into bed and time out of bed.  

The Consensus Sleep Diary (CSD; Carney et al., 2012) is a 9-item sleep diary that asks 

participants about their last night of sleep. The CSD was developed by a panel of sleep experts to 

create a standard sleep diary for the assessment of daily sleep. Subjective sleep efficiency was 

calculated as the ratio of total sleep time to time in bed multiplied by 100.  

The Insomnia Severity Index (ISI; Bastien, Vallieres, & Morin, 2001) is a 7-item self-

report measure of insomnia symptoms over the past two weeks and is used to detect cases of 

insomnia and assess treatment response. Items on the ISI are rated on a Likert scale from 0 

(none) to 4 (very severe), and higher scores indicate a higher severity of insomnia. A score of 7 

or below indicates the absence of insomnia symptoms.  

The Stanford Sleepiness Scale (SSS; Hoddes, Dement, & Zarcone, 1972) is a self-report 

scale asking participants to rate their current level of sleepiness on a scale from 1 (Feeling active 
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and vital; alert; wide awake) to 7 (Almost in reverie; sleep onset soon; lost struggle to remain 

awake), and a higher score indicates highest degree of sleepiness.  

Inhibitory control 

The Stop Signal task (Logan, 1994) is a widely used measure of response inhibition that 

requires participants to respond quickly and accurately to a go signal and inhibit their response 

when they receive the stop signal. The task is titrated to participant performance, such that 

participants will successfully inhibit on 50% of stop trials. This is achieved by increasing or 

decreasing the stop signal delay (SSD) between the go signal onset and the stop signal onset on 

the subsequent stop trial by 50ms if the participant successfully inhibited or failed to inhibit, 

respectively, on the previous stop trial. This titration ensures that the task is equally challenging 

for all participants and creates a mean SSD for each participant. Inhibitory control is indicated by 

stop signal reaction time (SSRT), or latency to inhibit a response to the stop signal. Thus, 

increased SSRT is indicative of decreased inhibition.  

Stressors 

 The Daily Inventory of Stressful Events (DISE; Almeida, Wethington, & Kessler, 2002) 

is a semi-structured interview that assesses 7 categories of stressors in the past 24 hours. A 

modified self-report version of the DISE was utilized in the present study (Macatee, Capron, 

Guthrie, Schmidt, & Cougle, 2015). Items are endorsed on a dichotomous Yes/No scale and ask 

participants if they experienced specific types of stressors during the day (“Did you have an 

argument or disagreement with anyone today?”). Higher scores indicate more stressors were 

experienced during the day. 

OCD Symptoms  
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 The daily OCD symptoms scale (Macatee et al., 2013) is a 15-item scale that includes 

items from other validated OCD symptom measures modified for daily assessment and includes 

checking, contamination, ordering, and obsessing symptoms. Items on the daily OCD symptoms 

scale are rated on a Likert scale from 0 (not at all) to 4 (extremely), and higher scores indicate a 

higher severity of daily OCD symptoms. The obsessions subscale (“I got nasty thoughts and had 

difficulty in getting rid of them”) and other OCD symptoms subscales (12 items), including 

checking (“I checked things quite a bit”), ordering (I felt compelled to arrange my possessions 

until it felt ‘just right’”), and contamination (“I worried about germs”), were examined separately 

given previous research suggesting a unique link between sleep disturbance and obsessions 

(Timpano et al., 2014). The combined other OCD symptoms subscales demonstrated good 

internal consistency (α = .86) in the present sample. In contrast, the daily obsessions subscale 

demonstrated marginal internal consistency (α = .67). 

Repetitive Negative Thinking (RNT) 

 The Perseverative Thinking Questionnaire (PTQ; Ehring et al., 2011) is a 15-item self-

report measure of RNT. Items are rated on a Likert scale from 1 (never) to 4 (almost always), 

and higher scores indicate higher RNT. Item wording was modified for daily use in the present 

study (e.g., “The same thoughts kept going through my mind again and again”). The PTQ 

demonstrated good internal consistency in the present sample (α = .95). 

Procedure 

 Prior to enrollment in the study, participants were screened for sleep health with the ISI. 

Those scoring an 8 or higher, indicating subthreshold or higher insomnia symptoms (Morin, 

Belleville, Belanger, & Ivers, 2011), were not enrolled (n = 804 including both individuals who 

responded to recruitment ads and undergraduate students who were screened in classrooms). 
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Data collection occurred over 3 consecutive days. On day 1, participants attended a laboratory 

session that included informed consent and administration of the baseline Stop Signal. 

Participants then received an actigraph, a CSD, and instructions for the next two days. 

Participants were instructed to maintain their typical sleep schedule on night one and complete 

day 1 of the CSD on the morning of study day 2. At 4pm on day 2, participants received an email 

with a link to a survey containing baseline administration of the OCD, RNT and stress measures 

and were instructed to complete the survey before 7:00pm. On night 2, participants were 

instructed to remain awake until 4:00am, sleep from 4:00am to 8:00am, and complete day 2 of 

the CSD upon awakening on the morning of study day 3. Participants returned to the laboratory 

for session 2 between 4:00pm and 7:00pm to complete post-sleep restriction administrations of 

the Stop Signal and OCD, RNT, and stress measures. Participants were instructed to not nap 

between awakening on study day 2 and laboratory session 2 and maintain their typical caffeine 

usage. Participants were also instructed to not drink alcohol or drive during or following sleep 

restriction. To ensure compliance with study instructions when participants were outside of the 

lab, participants were informed that their sleep timing would be monitored with the actigraph and 

were asked to call the laboratory every hour beginning at 10:00pm and record their name via 

voicemail (Babson et al., 2009).  

Data analytic strategy   

Data analysis was conducted in SPSS 25. Within subjects t-tests were conducted to assess 

change in inhibition and OCD symptoms following sleep restriction (Hypotheses 1a and 1b). A 

hierarchical multiple regression analysis was conducted to the assess the relationship between 

post-sleep restriction inhibition and OCD symptoms, controlling for baseline levels of inhibition 

and OCD symptoms (Hypothesis 2). A between subjects t-test was conducted to assess the effect 
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of experiencing a stressor post-sleep restriction on inhibition and OCD symptoms (Hypothesis 

3). Exploratory hierarchical multiple regression analyses were then conducted to extend 

hypothesis 2 to obsessions and non-obsession OCD symptoms and RNT to further probe the 

predictive value of post-sleep restriction inhibition on specific OCD symptoms. Six moderation 

models were tested using the PROCESS macro (Hayes, 2013) to examine whether pre-sleep 

restriction subjective and objective sleep efficiency influenced the relationship between post-

sleep restriction inhibition and post-sleep restriction anxiety symptoms, controlling for pre-sleep 

restriction inhibition and anxiety symptoms. Predictor variables were mean-centered prior to 

analysis. Significant interactions were probed with both a simple slopes analysis (Aiken & West, 

1991) and regions of significance analysis using the Johnson-Neyman technique (Johnson & 

Neyman, 1936). 

Results 

Descriptive statistics and associations between study variables 

 Descriptive statistics and associations between study variables are shown in Table 1.  

Measure 1. 2. 3. 4. 5. 6. 7. 8. 9.  10.  11. 12. 

1. Pre 
SSRT 

--            

2. Pre 
subj SE 

.01 --           

3. Pre 
obj SE 

.19 .27* --          

4. Pre 
OCS 

.17 -.04 -.07 --         

5. Pre 
Obs 

-.001 .05 -.12 .67** --        

6. Pre 
non-Ob 
OCS 

.20 -.06 -.04 .98** .50** --       
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7. Pre 
PTQ 

.22 -.11 -.11 .63** .72** .54** --      

8. Post 
SSRT 

.60** -.04 -.10 .11 .07 .11 .23* --     

9. Post 
OCS 

.19 -.08 -.14 .72** .43** .72** .57** .27* --    

10. Post 
Obs 

.19 -.16 -.15 .40** .57** .31** .58** .37** .59** --   

11. Post 
non-Ob 
OCS 

.15 -.05 -.11 .70** .32** .73** .47** .19 .97** .36** --  

12. Post 
PTQ  

.15 -.22 -.23 .35** .48** .28* .63** .40** .47** .67** .32** -- 

M 301.57 86.60 81.61 3.49 .48 3.01 5.51 300.52 3.08 .67 2.42 7.73 

SD 65.18 8.89 8.75 4.60 1.06 3.98 7.77 74.78 4.07 1.14 3.52 8.89 

Range 208.65-
470.32 

60.47 
- 98.9 

57.8 - 
100 

0-20 0-6 0-15 0-37 206.54-
513.68 

0-15 0-5 0-13 0-
37 

Note. Pre SSRT = Pre sleep restriction Stop Signal reaction time, Pre subj SE = pre sleep restriction subjective sleep 
efficiency, Pre obj SE = pre sleep restriction objective sleep efficiency, Pre OCS = pre sleep restriction daily OCD 
symptoms, Pre Obs = pre sleep restriction daily obsessions, Pre non-Ob OCS = pre sleep restriction daily non-
obsession OCD symptoms, Pre PTQ = pre sleep restriction daily Perseverative Thinking Questionnaire, Post SSRT 
= post sleep restriction Stop Signal reaction time, Post OCS = post sleep restriction daily OCD symptoms, Post Obs 
= post sleep restriction daily obsessions, Post non-Ob OCS = post sleep restriction daily non-obsession OCD 
symptoms, Post PTQ = post sleep restriction daily Perseverative Thinking Questionnaire  
*p < .05  **p < .01 
 
Table 1. Descriptive statistics and correlations for study measures (n = 73). 

 
Hypothesis 1: Main effects of sleep restriction on inhibition and OCD symptoms 

 Results of within subject t-tests did not indicate significant changes in inhibition or OCD 

symptoms following sleep restriction. Specifically, there was not a significant difference in 

inhibition from pre-sleep restriction (M = 301.57, SD = 65.18) to post-sleep restriction (M = 

300.52, SD = 74.78), t(72) = .14, p = .89, d = .01. Likewise, there was not a significant difference 

in OCD symptoms from pre-sleep restriction (M = 3.54, SD = 4.62) to post-sleep restriction (M = 

3.08, SD = 4.07), t(71) = 1.18, p = .24, d = .07. 
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Hypothesis 2: Predictive effect of OCD symptoms by inhibition following sleep restriction 

 In the model predicting post-sleep restriction OCD symptoms, pre-sleep restriction 

inhibition and OCD symptoms significantly contributed to the model, F(2,69) = 37.68, p < .001 

and accounted for 52% of the variance. Introducing post-sleep restriction inhibition to the model 

explained an additional 4% of the variance in post-sleep restriction OCD symptoms, and the R2 

change was significant (p < .05). When pre-sleep restriction inhibition and OCD symptoms and 

post-sleep restriction inhibition were included in the model, post-sleep restriction inhibition was 

significantly associated with post-sleep restriction OCD symptoms (B = .01, b = .25, p < .01), 

and pre-sleep restriction inhibition was unrelated (B = -.01, b = -.08,  p = .43). See Table 2 for 

the results of the regression model. 

 Post OCD symptoms 

Predictor B Std. Error b t p 

Step 1      

Pre OCD Symptoms .62 .07 .71 8.39 <.001 

Pre SSRT .004 .01 .08 .80 .43 

Step 2      

Pre OCD Symptoms .62 .07 .71 8.69 <.001 

Pre SSRT -.01 .01 .08 -.79 .43 

Post SSRT .01 .01 .25 2.48 <.05 

Note. OCD = obsessive-compulsive disorder; SSRT = Stop Signal reaction time; pre = pre-sleep 
restriction; post = post-sleep restriction  
 

Table 2. Model coefficients for the hypothesized model predicting post-sleep restriction OCD 
symptoms from post-sleep restriction inhibitory control, controlling for pre-sleep restriction 
OCD symptoms and inhibitory control (n = 71). 
 
Hypothesis 3: Effects of stress on inhibition and OCD symptoms following sleep restriction 
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 Results of between subject t-tests did not indicate significant differences in inhibition or 

OCD symptoms between those who experienced a stressor following sleep restriction compared 

to those who did not. Specifically, there was not a significant difference in inhibition between 

those who experienced a stressor following sleep restriction (M = 311.11, SD = 81.07) compared 

to those who did not (M = 288.37, SD = 65.94), t(71) = -1.30, p = .20, d = .31. Likewise, there 

was not a significant difference in OCD symptoms between those who experienced a stressor 

following sleep restriction (M = 3.74, SD = 4.29) compared to those who did not (M = 2.35, SD = 

3.73), t(70) = -1.45, p = .15, d = .35. 

Exploratory analyses: Interactive effects on post-sleep restriction OCD symptoms 

 Subjective sleep efficiency. There was a trend-level interaction between subjective pre-

sleep restriction sleep efficiency and post-sleep restriction inhibition to predict post-sleep 

restriction OCD symptoms, DR2 = .03, F = 3.82, p = .06. Conditional effects analysis revealed 

that there was a significant relation between post-sleep restriction inhibition on post-sleep 

restriction OCD symptoms at low, B = .02, t = 3.22, p < .01, and moderate levels of subjective 

pre-sleep restriction sleep efficiency, B = .02, t = 2.72, p < .05. However, at high levels of 

subjective pre-sleep restriction sleep efficiency, post-sleep restriction inhibition was unrelated to 

post-sleep restriction OCD symptoms, suggesting a protective effect of high sleep efficiency 

prior to acute sleep loss (see Figure 6). A regions of significance analysis identified 90.09% 

sleep efficiency as the point at which the effect of post-sleep restriction inhibition on post-sleep 

restriction OCD symptoms is no longer significant. That is, those with 90.09% subjective sleep 

efficiency or higher prior to sleep restriction exhibited no link between post-sleep restriction 

inhibition and OCD symptoms; in contrast, for those with subjective sleep efficiency lower than 
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90.09% prior to sleep restriction, post-sleep restriction OCD symptoms increases with decreasing 

post-sleep restriction inhibition.  

 

Figure 6. Simple regression slopes of inhibition predicting OCD symptoms following sleep 
restriction at values of pre-sleep restriction subjective sleep efficiency, controlling for pre-sleep 
restriction inhibition and OCD symptoms. Inhibition and subjective sleep efficiency were mean-
centered prior to analysis, such that low, medium, and high represent the mean +/- one standard 
deviation. 
 
 Objective sleep efficiency. A similar effect was observed for objective pre-sleep 

restriction sleep efficiency, such that there was a trend-level interaction between objective pre-

sleep restriction sleep efficiency and post-sleep restriction inhibition to predict post-sleep 

restriction OCD symptoms, DR2 = .02, F = 3.67, p = .06. Conditional effects analysis revealed 

that there was a significant relation between post-sleep restriction inhibition on post-sleep 

restriction OCD symptoms at low, B = .02, t = 3.30, p < .01, and moderate levels of objective 

pre-sleep restriction sleep efficiency, B = .01, t = 2.56, p < .05. However, at high levels of 

objective pre-sleep restriction sleep efficiency, post-sleep restriction inhibition was unrelated to 

post-sleep restriction OCD symptoms, suggesting a protective effect of high sleep efficiency 
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prior to acute sleep loss (see Figure 7). A regions of significance analysis identified 84.04% 

sleep efficiency as the point at which the effect of post-sleep restriction inhibition on post-sleep 

restriction OCD symptoms is no longer significant. That is, those with 84.04% objective sleep 

efficiency or higher prior to sleep restriction exhibited no link between post-sleep restriction 

inhibition and OCD symptoms; in contrast, for those with objective sleep efficiency lower than 

84.04% prior to sleep restriction, post-sleep restriction OCD symptoms increases with decreasing 

post-sleep restriction inhibition. 

 

Figure 7. Simple regression slopes of inhibition predicting OCD symptoms following sleep 
restriction at values of pre-sleep restriction objective sleep efficiency, controlling for pre-sleep 
restriction inhibition and OCD symptoms. Inhibition and objective sleep efficiency were mean-
centered prior to analysis, such that low, medium, and high represent the mean +/- one standard 
deviation. 
 

Exploratory analyses: Predictive effect of obsessions by inhibition following sleep 

restriction 
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 In the model predicting post-sleep restriction obsessions, pre-sleep restriction inhibition 

and obsessions significantly contributed to the model, F(2,69) = 19.34, p < .001 and accounted 

for 36% of the variance. Introducing post-sleep restriction inhibition to the model explained an 

additional 7% of the variance in post-sleep restriction obsessions, and the R2 change was 

significant (p < .01). When pre-sleep restriction inhibition and obsessions and post-sleep 

restriction inhibition were included in the model, post-sleep restriction inhibition was 

significantly associated with post-sleep restriction obsessions (B = .01, b = .34, p < .01), and pre-

sleep restriction inhibition was unrelated (B = -.0002, b = -.01,  p = .92). See Table 3 for the 

results of the exploratory regression models. 

Exploratory analyses: Predictive effect of non-obsession OCD symptoms by inhibition 

following sleep restriction 

In the model predicting post-sleep restriction non-obsession OCD symptoms, pre-sleep 

restriction inhibition and non-obsession OCD symptoms significantly contributed to the model, 

F(2,69) = 39.38, p < .001 and accounted for 53% of the variance. Introducing post-sleep 

restriction inhibition to the model explained an additional .02% of the variance in post-sleep 

restriction non-obsession OCD symptoms, and the R2 change was not significant (p = .08). When 

pre-sleep restriction inhibition and non-obsession OCD symptoms and post-sleep restriction 

inhibition were included in the model, post-sleep restriction inhibition was not significantly 

associated with post-sleep restriction non-obsession OCD symptoms (B = .01, b = .18, p = .08), 

and pre-sleep restriction inhibition was unrelated (B = -.01, b = -.10,  p = .36). See Table 3 for 

the results of the exploratory regression models. 

Exploratory analyses: Predictive effect of repetitive negative thinking by inhibition 

following sleep restriction 
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In the model predicting post-sleep restriction RNT, pre-sleep restriction inhibition and 

daily RNT significantly contributed to the model, F(2,69) = 22.51, p < .001 and accounted for 

40% of the variance. Introducing post-sleep restriction inhibition to the model explained an 

additional 9% of the variance in post-sleep restriction RNT, and the R2 change was significant (p 

< .01). When pre-sleep restriction inhibition and RNT and post-sleep restriction inhibition were 

included in the model, post-sleep restriction inhibition was significantly associated with post-

sleep restriction RNT (B = .05, b = .39, p < .01), and pre-sleep restriction inhibition was 

associated only at trend level (B = -.03, b = -.21,  p = .06). See Table 3 for the results of the 

exploratory regression models.
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 Anxiety Outcome 

 Post RNT Post obsessions Post non-obsession OCD 
symptoms 

Predictor B Std. 
Error 

b t p B Std. 
Error 

b t p B Std. 
Error 

b t p 

Step 1                

Pre Anxiety 
Outcome 

.70 .11 .63 6.51 <.001 .61 .10 .57 5.90 <.001 .64 .07 .73 8.68 <.001 

Pre SSRT .002 .01 .02 .17 .87 .003 .002 .19 2.00 .05 .001 .01 .01 .14 .39 

Step 2                

Pre Anxiety 
Outcome 

.66 .10 .58 6.55 <.001 .58 .10 .54 5.94 <.001 .64 .07 .73 8.85 <.001 

Pre SSRT -.03 .02 -.21 -1.94 .06 -.0002 .002 -.01 -.10 .92 -.01 .01 -.10 -.93 .36 

Post SSRT .05 .01 .39 3.63 <.01 .01 .002 .34 3.01 <.01 .01 .01 .18 1.76 .08 

Note. RNT = repetitive negative thinking; OCD = obsessive-compulsive disorder; SSRT = Stop Signal reaction time; pre = pre-sleep 

restriction; post = post-sleep restriction  

 

Table 3. Model coefficients for the exploratory models predicting post-sleep restriction anxiety outcomes from post-sleep restriction 

inhibitory control, controlling for pre-sleep restriction anxiety and inhibitory control (n = 71). 

 



 34 

Exploratory analyses: Interactive effects on post-sleep restriction obsessions 

 Subjective sleep efficiency. There was a significant interaction between subjective pre-

sleep restriction sleep efficiency and post-sleep restriction inhibition to predict post-sleep 

restriction obsessions, DR2 = .09, F = 5.66, p < .05. Conditional effects analysis revealed that 

there was a significant relation between post-sleep restriction inhibition on post-sleep restriction 

obsessions at low, B = .01, t = 3.29, p < .01, and moderate levels of subjective pre-sleep 

restriction sleep efficiency, B = .01, t = 3.26, p < .01. However, at high levels of subjective pre-

sleep restriction sleep efficiency, post-sleep restriction inhibition was unrelated to post-sleep 

restriction obsessions, suggesting a protective effect of high sleep efficiency prior to acute sleep 

loss (see Figure 8). A regions of significance analysis identified 91.17% sleep efficiency as the 

point at which the effect of post-sleep restriction inhibition on post-sleep restriction obsessions is 

no longer significant. That is, those with 91.17% subjective sleep efficiency or higher prior to 

sleep restriction exhibited no link between post-sleep restriction inhibition and obsessions; in 

contrast, for those with subjective sleep efficiency lower than 91.17% prior to sleep restriction, 

post-sleep restriction obsessions increases with decreasing post-sleep restriction inhibition.  
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Figure 8. Simple regression slopes of inhibition predicting obsessions following sleep restriction 
at values of pre-sleep restriction subjective sleep efficiency, controlling for pre-sleep restriction 
inhibition and obsessions Inhibition and subjective sleep efficiency were mean-centered prior to 
analysis, such that low, medium, and high represent the mean +/- one standard deviation. 
 

 Objective sleep efficiency. A similar effect was observed for objective pre-sleep 

restriction sleep efficiency, such that there was a significant interaction between objective pre-

sleep restriction sleep efficiency and post-sleep restriction inhibition to predict post-sleep 

restriction obsessions, DR2 = .05, F = 6.46, p < .05. Conditional effects analysis revealed that 

there was a significant relation between post-sleep restriction inhibition on post-sleep restriction 

obsessions at low, B = .01, t = 4.13, p < .01, and moderate levels of objective pre-sleep 

restriction sleep efficiency, B = .01, t = 3.52, p < .01. However, at high levels of objective pre-

sleep restriction sleep efficiency, post-sleep restriction inhibition was unrelated to post-sleep 

restriction obsessions, suggesting a protective effect of high sleep efficiency prior to acute sleep 

loss (see Figure 9). A regions of significance analysis identified 86.22% sleep efficiency as the 
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point at which the effect of post-sleep restriction inhibition on post-sleep restriction obsessions is 

no longer significant. That is, those with 86.22% objective sleep efficiency or higher prior to 

sleep restriction exhibited no link between post-sleep restriction inhibition and obsessions; in 

contrast, for those with objective sleep efficiency lower than 86.22% prior to sleep restriction, 

post-sleep restriction obsessions increases with decreasing post-sleep restriction inhibition.  

 

Figure 9. Simple regression slopes of inhibition predicting obsessions following sleep restriction 
at values of pre-sleep restriction objective sleep efficiency, controlling for pre-sleep restriction 
inhibition and obsessions. Inhibition and objective sleep efficiency were mean-centered prior to 
analysis, such that low, medium, and high represent the mean +/- one standard deviation. 
 
Exploratory analyses: Interactive effects on post-sleep restriction non-obsession OCD 

symptoms 

 There were no significant interactions between post-sleep restriction inhibition and pre-sleep 

restriction subjective (p = .23) or objective sleep efficiency (p = .20) to predict post-sleep restriction 

non-obsession OCD symptoms. 
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Exploratory analyses: Interactive effects on post-sleep restriction repetitive negative 

thinking 

 Subjective sleep efficiency. There was a significant interaction between subjective pre-

sleep restriction sleep efficiency and post-sleep restriction inhibition to predict post-sleep 

restriction RNT, DR2 = .06, F = 7.07, p < .05. Conditional effects analysis revealed that there was 

a significant relation between post-sleep restriction inhibition on post-sleep restriction RNT at 

low, B = .08, t = 3.68, p < .01, and moderate levels of subjective pre-sleep restriction sleep 

efficiency, B = .05, t = 3.18, p < .01. However, at high levels of subjective pre-sleep restriction 

sleep efficiency, post-sleep restriction inhibition was unrelated to post-sleep restriction RNT, 

suggesting a protective effect of high sleep efficiency prior to acute sleep loss (see Figure 10). A 

regions of significance analysis identified 91.98% sleep efficiency as the point at which the 

effect of post-sleep restriction inhibition on post-sleep restriction RNT is no longer significant. 

That is, those with 91.98% subjective sleep efficiency or higher prior to sleep restriction 

exhibited no link between post-sleep restriction inhibition and RNT; in contrast, for those with 

subjective sleep efficiency lower than 91.98% prior to sleep restriction, post-sleep restriction 

RNT increases with decreasing post-sleep restriction inhibition.  
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Figure 10. Simple regression slopes of inhibition predicting repetitive negative thinking (RNT) 
following sleep restriction at values of pre-sleep restriction subjective sleep efficiency, 
controlling for pre-sleep restriction inhibition and RNT. Inhibition and subjective sleep 
efficiency were mean-centered prior to analysis, such that low, medium, and high represent the 
mean +/- one standard deviation. 
 

Objective sleep efficiency. A similar effect was observed for objective pre-sleep restriction 

sleep efficiency, such that there was a significant interaction between objective pre-sleep 

restriction sleep efficiency and post-sleep restriction inhibition to predict post-sleep restriction 

RNT, DR2 = .06, F = 5.75, p < .05. Conditional effects analysis revealed that there was a 

significant relation between post-sleep restriction inhibition on post-sleep restriction RNT at low, 

B = .08, t = 3.56, p < .01, and moderate levels of objective pre-sleep restriction sleep efficiency, 

B = .05, t = 3.25, p < .01. However, at high levels of objective pre-sleep restriction sleep 

efficiency, post-sleep restriction inhibition was unrelated to post-sleep restriction RNT, 

suggesting a protective effect of high sleep efficiency prior to acute sleep loss (see Figure 11). A 

regions of significance analysis identified 86.48% sleep efficiency as the point at which the 
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effect of post-sleep restriction inhibition on post-sleep restriction RNT is no longer significant. 

That is, those with 86.48% objective sleep efficiency or higher prior to sleep restriction exhibited 

no link between post-sleep restriction inhibition and RNT; in contrast, for those with objective 

sleep efficiency lower than 86.48% prior to sleep restriction, post-sleep restriction RNT increases 

with decreasing post-sleep restriction inhibition.  

 

Figure 11. Simple regression slopes of inhibition predicting repetitive negative thinking (RNT) 
following sleep restriction at values of pre-sleep restriction objective sleep efficiency, controlling 
for pre-sleep restriction inhibition and RNT. Inhibition and objective sleep efficiency were 
mean-centered prior to analysis, such that low, medium, and high represent the mean +/- one 
standard deviation. 
 

Study 1 Discussion 

 The present study did not find support for the hypothesis that sleep restriction would 

result in decreased inhibition. The null finding for inhibition is inconsistent with considerable 

extant research showing sleep deprivation impairs inhibition (Anderson & Platten, 2011; Bocca 

et al., 2014; Chuah et al., 2006; Drummond et al., 2006), including one study utilizing the Stop-



 40 

Signal task (Zhao et al., 2019). Notably, these studies all used total sleep deprivation procedures 

(i.e., 24 or more hours of sustained wakefulness). Thus, inhibition may be robust to more mild 

sleep loss procedures like that utilized in this study. Relatedly, a single night of sleep restriction 

may be too brief a period to detrimentally impact inhibition. Indeed, previous research has found 

inhibitory deficits on the Stop Signal task in patients with sleep apnea (Peer et al., 2019) and 

insomnia (Covassin et al., 2011), suggesting the inhibitory consequences of partial sleep loss 

may accumulate over time. Together with the extant literature, the present findings suggest that 

inhibition is robust to one night of 4-hour sleep restriction, and inhibitory deficits may only 

emerge with more substantial sleep deprivation and/or sleep loss over a longer period of time. 

 Results also did not support the hypothesis that sleep restriction would result in increased 

OCD symptoms. Although this is the first study to examine the effect of sleep loss on OCD 

symptoms specifically, previous work has found that sleep loss has a detrimental effect on a 

range of outcomes linked to affective disorders, including increased anxiety (Babson et al., 2010; 

Talbot et al., 2010), decreased positive affect (Finan et al., 2017; Franzen et al., 2008; Reddy et 

al., 2017), panic symptoms (Babson et al., 2009), and perceived stress (Minkel, Banks, et al., 

2014). Extant work also links sleep disturbance to OCD symptoms (Timpano et al., 2014), and 

results from our meta-analysis indicate reduced sleep duration in OCD (Cox & Olatunji, 2020). 

Therefore, similar to the null finding for inhibition, it may be that the sleep manipulation 

employed here was too mild to impact OCD symptoms.  

 Similarly, the present study did not find support for the hypothesis that those who 

experienced a stressor following sleep restriction would exhibit decreased inhibition and 

increased OCD symptoms compared to those who did not experience a stressor. It is possible that 

the 52% of the sample who reported experiencing at least 1 stressor following sleep restriction 
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experienced relatively minor stressors. That is, given the naturalistic design, it is possible that 

our sampling period captured few, if any, significant stressors that could have amplified the 

effects of sleep loss. Future research implementing a laboratory stressor is needed to fully 

examine the possible moderating effects of stressors following sleep loss.  

 Still, support was found for the hypothesis that decreased inhibitory control following 

sleep restriction would predict increased OCD symptoms. Given the heterogeneous nature of 

OCD symptoms and previous research linking sleep disturbance to obsessions, but not 

compulsions (Timpano et al., 2014), as well as findings showing elevated RNT in those with 

OCD (Wahl et al., 2019), planned analyses were followed up with exploratory analyses 

examining obsessions individually, non-obsession OCD symptoms, and repetitive negative 

thinking to determine if the observed effect was specific to intrusive cognition. As with OCD 

symptoms as a whole, decreased inhibition following sleep restriction was associated with 

increased symptoms of anxious intrusive cognition, including RNT and obsessions, controlling 

for baseline levels of inhibition and anxiety symptoms. These findings support and extend 

previous literature delineating the impact of sleep loss on inhibition (Drummond et al., 2006) and 

anxiety (Babson et al., 2010) by showing that decreased inhibition due to sleep loss predicts 

increased anxiety symptoms. This finding is consistent with previous research linking inhibition 

to RNT (Hallion et al., 2014; Whitmer & Banich, 2007), as well as research showing that aspects 

of cognitive control prospectively mediate the relation between sleep disturbance and RNT and 

obsessions (Cox, Cole, et al., 2018). Together these findings suggest that intact inhibition may 

limit the intrusion of anxious cognition, such as RNT and obsessions. However, when inhibition 

is impaired by sleep loss, intrusive cognition increases. These results represent the first 
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experimental evidence for decreased inhibition as one mechanism by which sleep loss increases 

anxiety symptoms. 

 The discrepancy between the main effects (i.e., no mean change in inhibition or OCD 

symptoms following sleep restriction) and the regression effects (i.e., decreased post-sleep 

restriction inhibition predicts increased obsessions and RNT) suggest the potential presence of 

moderating processes. That is, sleep restriction may result in increased intrusive cognition via 

decreased inhibition for some individuals, but not others. Prior sleep history is one factor that 

may amplify or offset brief acute sleep loss. Indeed, extending sleep opportunity prior to one 

night of total sleep deprivation limits the impact of acute sleep loss on attention and alertness 

(Arnal et al., 2015; Rupp et al., 2009). This is consistent with the homeostatic regulation of sleep, 

such that sleep pressure increases with prolonged wakefulness and diminishes with sleep 

(Borbély et al., 2016). Thus, the impact of acute sleep loss should be highest among individuals 

who have slept less prior to sleep deprivation. Likewise, prior healthy sleep may buffer the 

consequences of a night of acute sleep loss. Notably, previous studies have utilized sleep 

extension procedures, which increase time in bed but do not necessarily increase sleep duration. 

An alternative approach to estimate the effect of prior sleep on the consequences of acute sleep 

loss is to measure sleep efficiency, which is the ratio of total sleep time to time in bed. 

Exploratory moderation analyses revealed that both subjective and objective sleep efficiency on 

the night prior to sleep restriction moderated the effect of inhibition on RNT and obsessions. 

There was a trend level moderation effect for total OCD symptoms, but not non-obsession OCD 

symptoms, suggesting the former effect is likely driven by the obsession items.  

The highest levels of anxiety symptoms were reported by those with the most impaired 

inhibition after sleep restriction and the lowest sleep efficiency prior to sleep restriction, and this 
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effect was consistent across subjective and objective measures of sleep efficiency. Extant 

research indicates that sleep extension prior to sleep deprivation buffers the negative effects of 

sleep loss on cognitive function (Rupp et al., 2009; Van Dongen et al., 2004). The present study 

extends these findings to sleep efficiency, which suggests that facets of sleep continuity prior to 

sleep loss is also important for determining the degree of impact one experiences following sleep 

restriction. This finding also suggests that habitual sleep efficiency may have important 

implications for anxiety outcomes, such as intrusive cognition. That is, those with low habitual 

sleep efficiency may be particularly vulnerable to the effects of acute sleep loss, as evidenced by 

high levels of anxiety symptoms in conjunction with impaired inhibition following sleep loss. In 

contrast, high habitual sleep efficiency may function as a protective factor against the 

consequences of acute sleep loss on anxiety outcomes, as evidenced by relative resiliency 

regardless of levels of inhibition following sleep loss.  

The present study found a relation between decreased inhibition and increased intrusive 

cognition characteristic of OCD following sleep loss and a moderating effect of prior sleep efficiency. 

These findings offer preliminary evidence for a pathway by which sleep loss may contribute to OCD. 

Specifically, repeated bouts of acute sleep loss may lead to accumulating deficits in inhibition, which 

may then result in increased OCD symptoms. Over time, persistent repetition of this pattern, particularly 

in combination with habitual poor sleep efficiency, may confer vulnerability for OCD and other 

disorders characterized by anxious intrusive cognition. In contrast, high habitual sleep efficiency may 

buffer these effects, such that healthy sleepers may be less likely to develop OCD. These findings 

highlight the importance of future research examining the impact of cumulative sleep loss on the onset 

of OCD and the possible protective effect of healthy interim sleep. 
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The present study has several strengths, including the first experimental manipulation of 

sleep when examining inhibition as a mechanism in the relation between sleep and OCD 

symptoms, the use of subjective and objective monitoring of sleep, and the enhanced ecological 

validity of the at-home sleep restriction procedure. However, the implications of the present 

findings must be considered within the context of the study limitations. First, participants were 

not recruited based on habitual sleep duration. Thus, it is possible that some participants in this 

sample were naturally short sleepers and therefore less likely to be affected by the manipulation. 

Though the exclusion of non-responders may have addressed this limitation, it will be 

informative to replicate this study among individuals with confirmed 7-8 hour habitual sleep 

duration. Second, though the present design permits assessment of the moderating effect of prior 

night’s sleep efficiency, at least a week of sleep monitoring is necessary to determine habitual 

sleep efficiency. Thus, the present findings may not precisely reflect the effect of habitual sleep 

on the consequences of acute sleep loss. Relatedly, sleep efficiency as operationally defined here 

is a pragmatic way to describe sleep quality, but it doesn’t fully capture other aspects of sleep 

that have been thought to provide psychophysiological benefits. Third, the present findings are 

limited to OCD symptoms, and additional research is needed to determine whether the present 

effects contribute to the onset of OCD. Relatedly, the present sample was not selected for OCD 

symptoms, which may limit generalizability to OCD. Fourth, though several compliance checks 

were put in place, it is possible that some degree of noncompliance with the sleep restriction 

procedure was undetected, which may limit the ability to detect the hypothesized effects. Fifth, 

the overrepresentation of females in the sample limits the ability to generalize these findings to 

males. Sixth, the daily obsessions subscale exhibited marginal internal consistency, which may 

impact scale validity. This issue highlights the need for validated measures of daily 
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psychopathology symptoms for use in ecological momentary assessment designs. Finally, non-

responders were excluded from analyses in order to prevent a masking effect by those resilient to 

a relatively mild sleep manipulation; thus, it will be important to replicate these findings with a 

sleep restriction procedure that is tailored to individual habitual sleep duration in order to 

eliminate this potential confound.  

Despite these limitations, the present study offers the first experimental evidence for a 

role of decreased inhibition in increased OCD symptoms, particularly obsessions, following 

sleep restriction and a moderating effect of prior sleep efficiency. These findings support the 

proposal of sleep disturbance as a mechanistic transdiagnostic factor in psychopathology 

(Harvey et al., 2011) and suggest the utility of further delineation of the role of sleep in OCD. 

While Study 1 is strengthened by the experimental manipulation of sleep, it remains unclear how 

habitual sleep disturbance and circadian timing impact the daily experience of OCD symptoms. 

That is, how might the effects identified in Study 1 develop into chronic pathology? In order to 

address this question, Study 2 utilized an ecological momentary assessment approach to examine 

daily sleep duration and timing as predictors of daily OCD symptoms, as well as mediation 

modeling to test the relationships between circadian timing, sleep, and OCD symptoms. 
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Chapter III 

 

Study 2 

Study 1 highlighted the role of sleep loss in OCD symptoms. Increasing evidence 

suggests that circadian rhythm disturbance may contribute to the etiology of psychopathology. 

Several mechanisms for a circadian-affective disorder link have been proposed in addition to 

disrupted sleep/wake activity, including alterations to monoamine signaling, HPA axis function, 

and immune system function (McClung, 2013). There has likewise been increasing interest in the 

role of circadian rhythms in OCD. Early studies largely found increased cortisol and decreased 

melatonin output with intact circadian rhythms (Catapano et al., 1992; Monteleone et al., 1995), 

though one study did find evidence for increased overnight cortisol output (Kluge et al., 2007). 

Notably, these studies utilized small sample sizes (N < 10), and there have been no recent studies 

examining the rhythms of circadian processes, such as cortisol, melatonin, and temperature in 

OCD compared to healthy controls. Recent studies have utilized alternative, non-physiological 

circadian metrics to examine the role of circadian rhythms in OCD, and findings largely 

implicate delayed circadian rhythms to OCD. Indeed, those with delayed sleep-wake phase 

disorder (DSWPD) report increased OCD symptoms compared to healthy controls (Schubert and 

Coles, 2013). Further, rates of DSWPD are elevated among those with severe, treatment resistant 

OCD (Drummond et al., 2012), and those with comorbid treatment resistant OCD and DSWPD 

report increased OCD symptoms compared to those with treatment resistant OCD without 

DSWPD (Turner et al., 2007). Studies of OCD inpatients have also pointed to a role of delayed 

circadian rhythms. One recent study found that delayed bedtimes were associated with increased 

OCD symptoms among those in residential OCD treatment (Nota et al., 2020). Further, a meta-
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analysis of treatment outcomes in residential OCD programs found increased treatment response 

in programs with consistent schedules and lights out times, suggesting circadian entrainment 

may facilitate OCD treatment response (Coles & Stewart, 2019). Together these findings 

implicate delayed circadian rhythms in OCD and suggest circadian entrainment may be an 

effective treatment target.  

Another alternative to physiological indicators of circadian rhythms is chronotype. As 

reviewed previously, chronotype is an individual difference factor that describes time of day 

preferences in sleep/wake activity and peak alertness, such that evening types prefer a later sleep 

onset and offset schedule and feel their “best” later in the day and vice versa in morning types. 

Notably, chronotype is associated with the timing of circadian processes, such as melatonin, 

cortisol, and body temperature (Bailey & Heitkemper, 2001; Kerkhof & Van Dongen, 1996). 

Studies examining links between chronotype and OCD have been mixed. One cross-sectional 

study found that evening types report increased intrusive cognition compared with morning types 

(Nota & Coles, 2015). In contrast, two other cross-sectional studies found that the association 

between eveningness and OCD symptoms was better accounted for by depression (Alvaro et al., 

2014; Cox, Tuck, et al., 2018). Still, there is also evidence that eveningness predicts increased 

OCD symptoms over 4 months, controlling for both baseline OCD symptoms and depression 

(Cox, Tuck, et al., 2018). Finally, a recent study compared chronotype in individuals with OCD 

and healthy controls and found a trend-level effect for more evening types and fewer morning 

types among those with OCD (Kani et al., 2018). Taken together with the literature on delayed 

sleep timing, these findings point to a role of eveningness in OCD.  

Findings from Study 1 suggest acute sleep loss negatively impacts inhibitory control of 

anxious intrusive cognition. While the 4-hour sleep restriction paradigm has enhanced ecological 
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validity over total sleep deprivation procedures, it remains unknown whether more normative 

nightly variability in sleep impacts next day OCD symptoms. Prospective monitoring of sleep 

and anxiety through ecological momentary assessment provides the ability to examine the 

association between last night’s sleep and next day OCD symptoms. Though ecological 

momentary assessment offers diminished internal validity compared to experimental sleep 

restriction, the increased ecological validity of daily sampling may provide more information 

about how chronic subtle sleep disturbance may contribute to OCD. Indeed, recent ecological 

momentary assessments studies have found a link between last night’s sleep and next day 

anxiety-related symptoms. One study found that worse subjective sleep quality predicts increased 

anxious arousal the following day in healthy women, whereas anxious arousal does not predict 

next day sleep quality (Kalmbach et al., 2017). Findings from our lab expand on this result and 

indicate that decreased objective and subjective total sleep time predicts increased next day 

anxiety, but not vice versa, and the former effect is strongest in the morning (Cox, Sterba, et al., 

2018). Together these findings suggest multiple aspects of sleep predict next day anxiety and 

suggest the strength of this effect varies by time of day. 

Ecological momentary assessment studies have also examined the links between daily 

sleep and symptoms of specific anxiety-related disorders. A study of individuals with 

generalized anxiety disorder found a bidirectional relation between daily sleep and worry 

(Thielsch et al., 2015), whereas studies of individuals with PTSD found unidirectional relations 

between decreased subjective sleep quality, efficiency (Short et al., 2017), and duration (Deviva 

et al., 2019) and increased PTSD symptoms the following day. Importantly, one recent study 

examined the relations between daily sleep duration and timing and OCD symptoms in a sample 

of individuals with OCD, individuals with subthreshold symptoms, and healthy controls. This 
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study found that later subjective sleep timing predicted both increased obsessions and 

compulsions the following day in those with OCD, but not in the subthreshold sample or controls 

(Schubert et al., 2019). Interestingly, no effect was found for sleep duration, and there was no 

evidence of an impact of OCD symptoms on next night’s sleep. This study represents an 

important first step in characterizing the prospective relations between daily sleep and OCD 

symptoms; however, this study has several notable limitations, including the use of an 

unstandardized sleep diary and the absence of an objective sleep measure, such as actigraphy. 

Further, this study sampled OCD symptoms once/day in the evening. Given evidence for both a 

time of day effect for OCD symptoms (i.e., peak in the afternoon; Nota, Gibb, & Coles, 2014) 

and a time of day effect on the relation between last night’s sleep duration and next day anxiety 

(i.e., strongest in the morning; Cox, Sterba, et al., 2018), a single assessment in the evening may 

not be an appropriate sampling window. Study 2 aims to address these limitations.  

An additional aim of Study 2 is to examine mechanisms by which daily sleep may predict 

increased OCD symptoms. The observed relation between decreased inhibition and increased 

anxious intrusive cognition following acute sleep loss in Study 1 suggests the utility of further 

examination of the mechanistic role of decreased inhibition in the relation between sleep 

disturbance and OCD. In addition to findings from the sleep deprivation literature, extant 

research also links habitual sleep disturbance to reduced executive function. Studies of healthy 

young adults indicate shorter and more variable sleep duration is associated with diminished 

performance on executive function tasks (Kuula et al., 2018; Whiting & Murdock, 2016). 

Further, a study of younger and older adults found decreased objective sleep duration and 

increased wake after sleep onset were associated with worse executive function performance, 

independent of age (Wilckens et al., 2014). Finally, subjective sleep quality is associated with 
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worse performance on a sustained attention task (Gobin et al., 2015). These findings indicate that 

the sleep-executive function link is not limited to significant acute sleep loss and suggest the 

utility of examining the association between habitual objective and subjective sleep and 

inhibitory control. 

There is also preliminary, though mixed, evidence for a link between circadian rhythms 

and impaired cognitive function. In a sample of depressed inpatients, evening chronotypes 

performed worse on a measure of inhibitory control than morning chronotypes (Cabanel et al., 

2019). Likewise, performance on category fluency, which is one measure of executive function, 

was worse among older women with a later peaking activity rhythm compared to those with an 

earlier peaking rhythm (Walsh et al., 2014). However, a study of executive function in young 

adults found that although delayed sleep timing is associated with poorer self-reported executive 

function, it is not associated with task-based performance (Kuula et al., 2018). Further, a recent 

study found no association between chronotype and performance on an executive function task 

(McGowan et al., 2020). Still, findings from the basic circadian literature indicate a circadian 

rhythm to inhibition (Burke et al., 2015), suggesting additional research on the links between 

circadian timing and inhibition is needed. 

Habitual sleep disturbance may also contribute to increased stress. Results from a study 

utilizing a chronic mild sleep restriction paradigm found that sustained sleep curtailment resulted 

in chronic dysregulation in stress systems (Simpson et al., 2016). Further, a recent study using an 

ecological momentary assessment design found that decreased sleep duration and quality 

predicted increased perceived stress the following day (Lee et al., 2017). Together these findings 

suggest that chronic sleep disturbance may increase both physiological and perceived stress, 

which may set the stage for the development of OCD. 
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Circadian rhythms may also influence the stress response. The circadian rhythm of 

cortisol is well-established, such that cortisol peaks after awakening (i.e., the cortisol awakening 

response) and declines over the course of the day (Désir et al., 1980; Pruessner et al., 1997). 

Likewise, experimental circadian misalignment results in decreased cortisol output (Wright et al., 

2015). Interestingly, studies of chronotype indicate decreased morning cortisol levels in evening 

types compared to morning types (Kudielka et al., 2006, 2007; Petrowski et al., 2020), as well as 

decreased total daily cortisol output (Petrowski et al., 2013). Together these findings suggest that 

circadian misalignment, perhaps via eveningness, may blunt diurnal cortisol output, which may 

in turn alter reactivity to an acute stressor. Though limited work has been conducted in this area, 

extant findings indicate that, compared to morning types, evening types exhibit increased cortisol 

reactivity (de Punder et al., 2019) and decreased heart rate variability (Roeser et al., 2012) in 

response to a stressor. Thus, circadian factors, such as chronotype, may contribute to excessive 

stress reactivity, such as that recently observed in postpartum women with OCD (Lord et al., 

2011, 2012). 

Extant research suggests both sleep and circadian rhythms may be linked to OCD. Study 

2 sought to examine associations between sleep and circadian rhythms in OCD using a combined 

case-control and ecological momentary assessment approach. It was hypothesized that 

individuals with OCD will exhibit later circadian timing (Hypothesis 1a), increased sleep 

disturbance (Hypothesis 1b), decreased inhibition (Hypothesis 1c), and increased stress reactivity 

(Hypothesis 1d) compared to healthy controls. Decreased daily sleep duration (Hypothesis 2a) 

and later daily sleep timing (Hypothesis 2b) will predict increased next day OCD symptoms, and 

this effect will be moderated by OCD status, inhibition, and daily stressors (Hypotheses 2c-e). 
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The relationship between later circadian timing and OCD symptoms will be serially mediated by 

sleep disturbance, inhibition, and stress reactivity (Hypothesis 3).  

Methods 

Participants 

 The target sample was 150 participants; however, data collection was ended early due to 

the COVID-19 pandemic. The sample consisted of undergraduates and community adults (N = 

80).	Undergraduate students were recruited from psychology courses and were compensated with 

course credit. Community adults were recruited from flyers and a university research email 

notification system and were compensated with $50. Participants who met criteria for moderate 

to high suicide risk (n = 2) or psychotic symptoms (n = 1) were withdrawn immediately and 

given appropriate referral information. An additional three participants withdrew prior to the 

second laboratory session. Seventy-four participants completed both study sessions.  

 The mean age of the sample was 23.99 years (SD = 7.21), ranging from 18 to 53 years 

(73% female). The ethnicity composition was as follows: White (n = 42; 55%), Asian (n = 18; 

23%), Black/African American (n = 9; 12%), Hispanic/Latino (n = 4; 5%), Other (n = 4; 5%). 

Fifty-seven participants (74%) screened high for OCD symptoms prior to enrollment, and 20 

participants (26% screened low). Twenty participants (41%) met criteria for OCD, and 29 

participants (59%) were identified as healthy controls (i.e., met criteria for no disorders). Sixty 

participants (75%) participated in data collection in-person prior to the onset of the COVID-19 

pandemic, and 20 participants (25%) participated in data collection virtually following the 

pandemic onset (see Procedure).  

Measures 

Diagnostic Status 
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 The MINI International Neuropsychiatric Interview (MINI; Sheehan et al., 1998) is a well-

validated and widely used semi-structured diagnostic interview that assesses for 17 DSM disorders. The 

MINI was used to determine diagnostic status (i.e., OCD, subclinical, or healthy control and 

comorbidity).  

Circadian Timing 

 The Morningness-Eveningness Questionnaire (MEQ; Horne and Ostberg, 1976) is a 

19-item self-report measure of chronotype and is thought to reflect the individual’s 

circadian rhythms. Items are rated on a Likert scale ranging from 1-6 with answer options 

varying by item content. Higher scores reflect morningness, and lower scores reflect 

eveningness. The MEQ demonstrated good internal consistency (α = 0.90). 

 Mid-sleep is the gold-standard subjective indicator of chronotype. Recent evidence 

suggests that a weekly average mid-sleep more closely approximates intrinsic circadian phase 

(Kantermann & Burgess, 2017) than mid-sleep on free days (Roenneberg et al., 2007); therefore, 

mean mid-sleep for the week will be utilized. Variables for calculating mid-sleep were collected 

via the CSD as described in Study 1. 

The Diagnostic Interview for Sleep Patterns and Disorders (DISPD; Merikangas et al., 

2014) is a semi-structured diagnostic interview that assesses general sleep patterns and 8 DSM 

sleep disorders. Only the sleep patterns and delayed phase sleep syndrome modules were utilized 

in the present study to determine delayed sleep-wake phase disorder (DSWPD) diagnostic status. 

Sleep disturbance 

 The ISI (Bastien et al., 2001), CSD (Carney et al., 2012), and actigraphy as described in 

Study 1 were used to indicate past 2 week sleep disturbance, daily subjective sleep disturbance, 
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and daily objective sleep disturbance, respectively. The ISI demonstrated adequate internal 

consistency (α = 0.84) in Study 2. 

Inhibition 

 The Stop Signal task (G. D. Logan, 1994) as described in Study 1 was used to measure 

inhibition. 

Stress 

The DISE (Almeida et al., 2002) as described in Study 1 was used to measure daily stressors.  

A speech anticipation task (Waugh, Panage, Mendes, & Gotlib, 2010) was used to induce 

stress in the laboratory in order to measure stress reactivity. The task begins with a 5-minute 

baseline period during which time participants rest quietly. Following baseline, participants are 

told that they have 2 minutes to prepare a 5-minute speech (the topic being “Why are you a good 

friend?”) that will be both recorded and evaluated live by a judge. Participants are told that there 

will be 2 coin flips to determine if and when they give the speech. The first coin flip takes place 

after the 2-minute preparation period and determines whether the speech is delivered 

immediately or after a 5-minute waiting period. The second coin flip determines whether the 

speech is delivered or not. In all cases, the coin flips result in no speech given. A 5-minute 

recovery period occurs after the second coin flip. Participants are asked to report their subjective 

stress on a subjective units of distress (SUDS) scale from 0 to 100 at the onset of baseline, after 

the 2-minute speech preparation period, after the 5-minute waiting period, and after the 5-minute 

recovery period. Heart rate and respiration were measured continuously using a BioNomadix 

mobile physiology unit, a respiration band, and three non-invasive Ag-AgCl electrodes placed on 

the torso. Psychophysiological recording equipment was placed on participants at the beginning 

of the laboratory session to allow for adaptation prior to the onset of the stress task (~30 
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minutes). Previous work has found the anticipation of a speech effectively elicits subjective and 

physiological stress similar to actually delivering a speech (Waugh et al., 2010). 

Psychophysiological data was analyzed using Acqknowledge 5.0. Data were visually 

inspected for overall quality, artifacts, and missing R-peaks. Psychophysiological data from 14 

participants was missing due to equipment failure, and data from 9 participants was excluded due 

to overall poor quality and/or minimal signal detection, leaving 30 participants with analyzable 

psychophysiological data. Psychophysiological data were cleaned and processed according to 

guidance provided by Biopac. First, a high pass filter was applied. Second, artifacts were 

removed, and R-peaks that were too small to be detected were multiplied by a constant to 

amplify them to a detectable level. Third, the Heart Rate Variability procedure in Acqknowledge 

was used to calculate mean high frequency power for each of the 4 segments of the speech 

anticipation task. The natural log of the mean high frequency power was then used to indicate 

HRV.  

OCD symptoms 

 The Yale-Brown Obsessive Compulsive Scale (YBOCS; Goodman et al., 1989) is a  

semi-structured diagnostic interview that measures OCD symptom severity. Higher scores indicate 

increased OCD symptom severity. 

 The OCIR (Foa et al., 2002) as described in Study 1 was used to recruit individuals with 

elevated OCD symptoms. Participants also completed the OCIR in session 2 of Study 2, at which 

time the measure demonstrated adequate internal consistency (α = .88). The daily OCD symptom 

scale as described in Study 1 was used to indicate daily OCD symptom. 

Procedure 
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Prior to enrollment in the study, participants were screened for OCD symptoms with the 

OCIR. Those scoring an 21 or higher, indicating clinically significant OCD symptoms (Foa et 

al., 2002), were recruited for the elevated OCD symptom group. Data collection occurred over 9 

consecutive days.  

Prior to COVID-19 pandemic 

 On day 1, participants attended a laboratory session that included informed consent and 

administration of the MINI, DISPD, and YBOCS. Following the interviews, participants 

completed the MEQ and ISI and then received an actigraph, CSD, and instructions for the week 

of daily sleep and OCD symptom monitoring. On days 2 through 8, sleep was monitored 

continuously with actigraphy, and participants completed the CSD upon awakening each 

morning. OCD symptoms and daily stress were sampled by surveys sent via email. OCD 

symptoms were measured in the morning (8:00am), afternoon (2:00pm), and evening (8:00pm). 

Daily stress was measured once in the evening (8:00pm). Participants were instructed to 

complete each survey within two hours of receipt. On day 9, participants returned to the 

laboratory to complete the Stop Signal task, the OCIR, the neutralization task, and the 

anticipatory stress task.  

During COVID-19 pandemic 

 Following the onset of the COVID-19 pandemic, data collection was halted until June 25, 

2020, on which date virtual data collection was initiated. Data was collected virtually on all self-

report measures. Measures requiring an in-person encounter (i.e., actigraphy, the Stop Signal 

task, and the speech anticipation task) were not completed.  

 On day 1, participants attended a Zoom call that included informed consent and 

administration of the MINI, DISPD, and YBOCS. The suicide module of the MINI was not 
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completed virtually. Following the interviews, participants completed the ISI and MEQ and were 

given instructions for the week of daily sleep and OCD symptom monitoring. On days 2 through 

8, participants completed the CSD electronically upon awakening each morning. Measurement 

of daily OCD symptoms and stress was identical to that completed prior to the pandemic. On day 

9, participants attended a second Zoom call to complete the OCIR and the neutralization task. 

Data analytic strategy 

 Data analysis was conducted in SPSS 27 and Mplus 8. Between subjects t-tests and a chi 

square test were conducted to examine group differences in circadian timing (MEQ, mid-sleep 

timing, DSWPD status; Hypothesis 1a), sleep disturbance (ISI, subjective and objective total 

sleep time, and subjective sleep quality; Hypothesis 1b), inhibition (SSRT; Hypothesis 1c), and 

stress reactivity (DISE, subjective stress response, HRV; Hypothesis 1d). Given that the goal 

sample size was not achieved, post-hoc power analyses were conducted for non-significant 

results to examine the effect of inadequate power. 

 Three 3-level multilevel models were tested to examine the effects of daily subjective and 

objective sleep duration and sleep timing on next day OCD symptoms. The ecological 

momentary assessment data was nested as follows: moments (Level 1) nested within days (Level 

2) nested within participants (Level 3). Each of the 3 models included 1 sleep predictor (mid-

sleep timing, subjective TST, or objective TST). Time (morning, afternoon, and evening) was 

modeled as a Level 1 predictor of momentary OCD symptoms. Day-level sleep, day-level 

stressors, and lagged day-level OCD symptoms (i.e., previous day’s OCD symptoms), the 

interaction between day-level sleep and OCD status, and the interaction between day-level sleep 

and day-level stressors were modeled as Level 2 predictors of day-level OCD symptoms. All 

Level 2 predictors were person-mean centered, such that deviations from zero represent 
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deviations from the participant’s own mean for a given day. Person-level sleep, person-level 

stressors, OCD status, participation before/after the onset of the COVID-19 pandemic, the 

interaction between person-level sleep and OCD status, and the interaction between person-level 

sleep and person-level stressors as Level 3 predictors of person-level OCD symptoms. The 

inclusion of inhibition as a Level 3 variable limited the sample to those who participated prior to 

the pandemic onset and reduced the sample size. Given that inhibition was unrelated to any 

variable in the models, this variable and its associated hypotheses were dropped to maximize 

sample size. All Level 3 predictors were grand mean centered, such that deviations from zero 

represent deviations from the sample mean. All models included a random intercept at Level 2 

(varying across days within person) and Level 3 (varying across person) and fixed slopes. The 

intraclass correlations were 0.04 at Level 2 and 0.85 at Level 3. Full information maximum 

likelihood estimation was used.  

 Given that the sample size was smaller than planned due to the COVID-19 pandemic, a 

post-hoc power analysis was conducted to determine whether there was sufficient power to test 

the serial mediation model proposed in Hypothesis 3. Results of a Monte Carlo power analysis 

for indirect effects (https://schoemanna.shinyapps.io/mc_power_med/) for the model testing 

SSRT and subjective stress reactivity as serial mediators of the relationship between the MEQ 

and YBOCS (these variables were selected based on the size of their correlations) indicated a 

sample size of n=74 was vastly underpowered (power < .03) to detect the small observed effects. 

Hypothesis 3 was therefore modified to test sleep disturbance as a singular mediator of the 

relationship between circadian timing and OCD symptoms. Results of Monte Carlo power 

analyses for indirect effects indicated models testing the ISI as a mediator of the relationships 

between MEQ and DSWPD diagnosis and OCIR were best powered, though still somewhat 
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underpowered (power=.59 for both models), whereas models testing the ISI as a mediator of the 

relationships between MEQ and DSWPD diagnosis and YBOCS were slightly less powered 

(power=.58 and .43, respectively). Therefore, the former two mediation models were tested in 

Mplus using full-information maximum likelihood estimation. Participation before/after the 

onset of the COVID-19 pandemic was included as a covariate. The significance of the indirect 

effects was tested by constructing a bias-corrected bootstrapped confidence interval around the 

indirect effects.  

Results 

Descriptive statistics and associations between study variables 

 Descriptive statistics and associations between study variables are shown in Table 4. 
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Measure 1. 2. 3. 4. 5. 6. 7. 8. 9.  10.  11. 12. 13. 14. 15. 

1. MEQ --               

2. Mid-

sleep  

-.70** --              

3. DSWPD -.56** .39** --             

4. ISI  -.38** .25* .44** --            

5. Obj TST .16 -.34* -.07 -.06 --           

6. Subj TST .11 -.25* .02 -.21 .78** --          

7. Sleep 

quality 

.13 -.03 -.17 -.34** .11 .17 --         

8. SSRT -.05 -.07 -.08 -.04 .10 .10 -.10 --        

9. DISE .08 -.08 .14 .25* .07 .05 -.23* .12 --       

10. HRV  D .22 -.25 -.05 .20 -.05 -.25 -.40* -.10 .43* --      

11. SUDS  D -.07 -.09 -.09 .08 .04 -.05 .21 .13 .04 -.24 --     

12. Daily 

OCD  

-.25* .10 .26* .50** .39* .13 .02 .13 .19 -.21 .24 --    

13. YBOCS -.28* .20 .35* .33* .05 .08 -.06 .23 .18 .17 .10 .47** --   

14. OCIR -.36* .30* .33* .36* .16 .02 .01 .14 .15 -.26 .02 .71** .67** --  

15. COVID .22 -.26* -.08 -.03 N/A .28* -.04 N/A -.07 N/A N/A -.05 -.14 -.18 -- 

M 48.05 4.50  8.44 388.30 418.30 3.35 264.84 1.33 .14 9.70 6.70 13.38 16.59  

SD 12.18 1.35  5.01 61.41 64.27 .68 78.37 1.12 1.62 22.22 7.75 6.78 11.31  
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Range 22-75 1.70-
7.55 

 1-18 210.60-
516.00 

213.00-
575.00 

2-5 159.82-
727.53 

0-
5.50 

-2.77-
5.20 

-47-
70 

0-
37.71 

0-27 0-51  

Note. MEQ=Morningness-Eveningness Questionnaire; Mid-sleep=mid-sleep timing (decimal format); DSWPD=delayed sleep-wake 
phase disorder status; ISI=Insomnia Severity Index; Obj TST=objective total sleep time; Subj TST=subjective total sleep time; 
SSRT=Stop Signal reaction time; DISE=Daily Inventory of Stressful Events; HRV D=change in heart rate variability; SUDS D= 
change in subjective units of distress; YBOCS=Yale-Brown Obsessive-Compulsive Inventory; OCIR=Obsessive-Compulsive 
Inventory-Revised; COVID=participation before/after onset of COVID-19 pandemic. 
*p < .05  **p < .01 
 
Table 4. Descriptive statistics and correlations for study measures (n = 74). 
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Hypothesis 1a: Individuals with OCD will exhibit later circadian timing compared to 

healthy controls. 

 Results of between subject t-tests and a chi square analysis indicated later circadian 

timing in those with OCD compared to healthy controls. Specifically, those with OCD reported 

significantly lower morningness (i.e., higher eveningness) (M = 40.60, SD = 9.54) compared to 

healthy controls (M = 53.66, SD = 13.15), t(47) = -3.80, p < .001, d = -1.10, and significantly 

later mid-sleep timing (M = 4.93, SD = 1.21) compared to healthy controls (M = 4.02, SD = 

1.33), t(45) = 2.41, p < .05, d = .71. There was also a significant relationship between OCD and 

DSWPD status, c2(2, n=49)=13.86, p<.001, such that 40% of those with OCD also met criteria 

for DSWPD, relative to 0% of healthy controls.  

Hypothesis 1b: Individuals with OCD will exhibit increased sleep disturbance compared to 

healthy controls. 

 Results of between subject t-tests largely did not indicate increased sleep disturbance in 

those with OCD compared to healthy controls. Specifically, those with OCD did not report 

significantly different subjective total sleep time (M = 411.44, SD = 71.19) compared to healthy 

controls (M = 426.34, SD = 61.70), t(45) = -.77, p = .45, d = -.23, objective total sleep time (M = 

387.43, SD = 77.06) compared to healthy controls (M = 403.12, SD = 55.42), t(27) = -.63, p = 

.53, d = -.24, or sleep quality (M = 3.28, SD = .58) compared to healthy controls (M = 3.45, SD = 

.66), t(45) = -.93, p = .36, d = -.27. Results of post-hoc power analyses indicated inadequate 

power to detect a significant effect for objective total sleep time (power = .10), subjective total 

sleep time (power = .12), or sleep quality (power = .15). However, those with OCD did report 
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significantly higher insomnia symptoms (M = 11.10, SD = 5.03) compared to healthy controls (M 

= 5.90, SD = 4.22), t(47) = 3.92, p < .001, d = 1.14.  

Hypothesis 1c: Individuals with OCD will exhibit decreased inhibition compared to healthy 

controls. 

Results of a between subject t-test did not indicate decreased inhibition in those with 

OCD compared to healthy controls. Specifically, those with OCD did not exhibit significantly 

different SSRT (M = 286.16, SD = 129.50) compared to healthy controls (M = 261.06, SD = 

43.98), t(30) = .75, p = .46, d = .27. Results of a post-hoc power analysis indicated inadequate 

power to detect a significant effect of inhibition (power = .11). 

Hypothesis 1d: Individuals with OCD will exhibit increased stress compared to healthy 

controls. 

Results of between subject t-tests did not indicate increased stress in those with OCD 

compared to healthy controls. Specifically, those with OCD did not report significantly different 

number of daily stressors (M = 1.43, SD = 1.05) compared to healthy controls (M = 1.33, SD = 

1.33), t(46) = .28, p = .79, d = .08. Results of post-hoc power analyses indicated inadequate 

power to detect a significant effect for number of daily stressors (power = .76). 

The assumption of sphericity was violated for the 2 (diagnostic status) x 4 (time) repeated 

measures ANOVA to examine subjective stress reactivity in response to the speech anticipation 

task; therefore, the Greenhouse-Geisser correction was utilized. There was a significant main 

effect of time, F (2.16, 64.74) = 17.80, p < .001, η2p = .37. Post-hoc tests using Bonferroni 

correction found that SUDS increased significantly from baseline to after the 2-minute speech 

preparation period, p < .001, and from baseline to after the 5-minute waiting period, p < .05, 

suggesting the onset of the stressor successfully elicited subjective stress. There was not a 
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significant change in SUDS between the 2-minute speech preparation period and the 5-minute 

waiting period, p = 1.0. There was a significant decrease in SUDS from after the 5-minute 

waiting period to after the 5-minute recovery period, p < .001, and no difference in SUDS 

between baseline and after the 5-minute recovery period, p =.10, suggesting a return to baseline 

following the offset of the stress task. There was also a significant main effect of diagnostic 

status, F (1, 30) = 5.34, p < .05, η2p = .15, indicating that the OCD group reported increased 

subjective stress overall. However, there was not a significant diagnostic status by time 

interaction, F (2.16, 64.74) = .28, p = .77, η2p = .009, indicating that those with OCD and healthy 

controls did not differ in subjective stress reactivity. Results of post-hoc power analyses 

indicated inadequate power to detect a significant effect for the diagnostic status x time 

interaction (power = .05). 

Results of a 2 (diagnostic status) x 4 (time) repeated measures ANOVA to examine 

objective stress reactivity in response to the speech anticipation task did not reveal a significant 

main effects of time, F (3, 39) = 1.29, p = .29, η2p = .09, indicating the task did not elicit 

objective stress. There was also not a significant main effect of diagnostic status, F (1, 13) = .83, 

p = .38, η2p = .06, indicating no difference between the OCD group and healthy controls in 

overall object stress. There was also not a significant interaction between diagnostic status and 

time, F (3, 39) = 1.25, p = .31, η2p = .09, indicating that those with OCD and healthy controls did 

not differ in objective stress reactivity. Results of post-hoc power analyses indicated inadequate 

power to detect a significant effect for the diagnostic status x time interaction (power = .11). 

Hypothesis 2a: Decreased daily sleep duration will predict increased next day OCD 

symptoms. 
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All regression coefficients are reported as unstandardized values. There was not a 

significant conditional main effect of subjective or objective sleep duration on next day OCD 

symptoms. However, in both models, there was a conditional main effect of daily stressors, such 

that increased daily stressors were associated with increased daily OCD symptoms (see Tables 5 

& 6).   

Model 1 Objective Sleep Duration 

Fixed Effects Predictor Est SE p 

Level 1 

(Moment 

level) 

Time of day .43 .14 <.01 

Level 2 (Day 

level) 

Sleep .003 .003 .34 

 Stress .40 .17 <.05 

 Lagged OCD 

symptoms 

.23 .07 <.01 

 Stress x 

Sleep 

.002 .002 .39 

 OCD x Sleep <.001 .005 .98 

Level 3 

(Person level) 

Sleep .005 .02 .79 

 Stress 1.06 1.06 .31 

 OCD 7.22 2.02 <.001 



 66 

 Stress x 

Sleep 

-.02 .02 .31 

 OCD x Sleep .11 .03 <.001 

Variance 

components 

    

Level 1 Residual 

variance 

9.70 .64 <.001 

Level 2 Intercept 

variance 

2.61 .64 <.001 

Level 3 Intercept 

variance 

38.06 7.90 <.001 

Note. OCD=Obsessive-compulsive disorder. 
 

Table 5. Unstandardized model coefficients for the hypothesized multilevel model predicting 
OCD symptoms from daily and average objective sleep duration (n = 50). 
 

Model 2 Subjective Sleep Duration 

Fixed Effects Predictor Est SE p 

Level 1 

(Moment 

level) 

Time of day .49 .12 <.001 

Level 2 (Day 

level) 

Sleep .001 .002 .55 

 Stress .26 .13 <.05 



 67 

 Lagged OCD 

symptoms 

.20 .06 <.001 

 Stress x 

Sleep 

.003 .001 .05 

 OCD x Sleep -.002 .003 .50 

Level 3 

(Person level) 

Sleep .01 .02 .45 

 Stress 1.04 .80 .19 

 OCD 8.17 1.82 <.001 

 COVID -1.69 1.87 .36 

 Stress x 

Sleep 

-.01 .02 .46 

 OCD x Sleep .03 .03 .26 

Variance 

components 

    

Level 1 Residual 

variance 

9.36 .51 <.001 

Level 2 Intercept 

variance 

2.16 .49 <.001 

Level 3 Intercept 

variance 

4.05 .96 <.001 

Note. OCD=Obsessive-compulsive disorder. 
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Table 6. Unstandardized model coefficients for the hypothesized multilevel model predicting 
OCD symptoms from daily and average subjective sleep duration (n = 72). 
 

Hypothesis 2b: Later daily sleep timing will predict increased next day OCD symptoms. 

 There was not a significant conditional main effect of mid-sleep timing on next day OCD 

symptoms. However, there was a trend-level conditional main effect of daily stressors, such that 

increased daily stressors were associated with increased daily OCD symptoms (see Table 7). 

Model 3 Mid-sleep timing 

Fixed Effects Predictor Est SE p 

Level 1 

(Moment 

level) 

Time of day .49 .12 <.001 

Level 2 (Day 

level) 

Sleep .11 .17 .50 

 Stress .26 .13 .05 

 Lagged OCD 

symptoms 

.21 .06 <.001 

 Stress x 

Sleep 

.08 .45 .65 

 OCD x Sleep -.48 .32 .13 

Level 3 

(Person level) 

Sleep .39 .70 .58 

 Stress 1.85 .76 <.05 

 OCD 7.18 1.77 <.001 
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 COVID -1.51 1.82 .41 

 Stress x 

Sleep 

1.83 .49 <.001 

 OCD x Sleep -2.79 1.44 .05 

Variance 

components 

    

Level 1 Residual 

variance 

9.33 .51 <.001 

Level 2 Residual 

variance 

2.25 .49 <.001 

Level 3 Residual 

variance 

37.96 6.57 <.001 

Note. OCD=Obsessive-compulsive disorder. 
 

Table 7. Unstandardized model coefficients for the hypothesized multilevel model predicting 
OCD symptoms from daily and average sleep timing (n = 72). 
 

Hypothesis 2c: The effects of daily sleep duration and timing on next day OCD symptoms 

will be moderated by OCD status. 

 At the day-level, OCD status did not moderate the effect of daily sleep duration or timing 

on next day OCD symptoms (see Tables 5-7). That is, the effect of last night’s sleep duration and 

timing on next day OCD symptoms did not differ between those with and without OCD.  

At the person-level, OCD status significantly moderated the effect of average objective 

sleep duration on OCD symptoms. However, contrary to hypotheses, simple slopes analysis 

revealed a significant relationship between increased average objective sleep duration and 
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increased OCD symptoms among those with OCD, B = .11, SE = .02, p < .001. Average 

objective sleep duration was unrelated to OCD symptoms among those without OCD, p > .05 

(see Figure 12). OCD status did not significantly moderate the effect of average subjective sleep 

duration on OCD symptoms (see Table 6).  

 

Figure 12. Simple regression slopes of person-level objective sleep duration predicting 
obsessive-compulsive disorder (OCD) symptoms in those with and without OCD, controlling for 
participation before/after the onset of the COVID-19 pandemic. Objective sleep duration was 
grand-mean centered prior to analysis.  
 

At the person-level, there was a trend-level interaction between OCD status and average 

sleep timing on OCD symptoms (see Table 7). However, contrary to hypotheses, simple slopes 

analysis revealed a trend-level relationship between later average sleep timing and decreased 

OCD symptoms among those with OCD, B = -2.40, SE = 1.22, p = .05. Average sleep timing 

was unrelated to OCD symptoms among those without OCD, p > .05 (see Figure 13). 
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Figure 13. Simple regression slopes of person-level sleep timing predicting obsessive-
compulsive disorder (OCD) symptoms in those with and without OCD, controlling for 
participation before/after the onset of the COVID-19 pandemic. Sleep timing was grand-mean 
centered prior to analysis. 

 

Hypothesis 2e: The effects of daily sleep duration and timing on next day OCD symptoms 

will be moderated by daily stressors. 

 At the day-level, there was a trend-level interaction between subjective sleep duration 

and stressors to predict OCD symptoms (see Table 6). However, simple slopes analysis did not 

reveal a significant relationship between subjective sleep duration and OCD symptoms at low, 

moderate, or high levels of stressors, p’s > .05. Daily stressors did not moderate the effect of 

objective sleep duration or timing on next day OCD symptoms (see Tables 5-7). That is, the 

effect of last night’s objective sleep duration and sleep timing on next day OCD symptoms did 

not vary by whether the individual experienced more or fewer stressors that day than was typical 

for them on average. 
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 At the person-level, average daily stressors did not moderate the effect of average sleep 

duration on OCD symptoms. However, there was a significant interaction between average daily 

stressors and average sleep timing (see Table 7). Simple slopes analysis revealed a significant 

relationship between later sleep timing and increased OCD symptoms among those with higher 

average stressors, B = 2.23, SE = .80, p < .05. Sleep timing was unrelated to OCD symptoms 

among those with moderate and low average stressors, p’s > .05 (see Figure 14). 

  

Figure 14. Simple regression slopes of person-level sleep timing predicting OCD symptoms at 
values of person-level daily stressors, controlling for participation before/after the onset of the 
COVID-19 pandemic. Sleep timing and daily stressors were grand mean-centered prior to 
analysis. Low, medium, and high represent the daily stressors sample mean +/- one standard 
deviation. 
 

Hypothesis 3: The relationship between circadian timing and OCD symptoms will be 

mediated by sleep disturbance. 
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 All regression coefficients are reported as unstandardized values. Results of model 1 

utilizing MEQ as the indicator of circadian timing found that eveningness significantly predicted 

OCD symptoms through its effects on insomnia symptoms, controlling for participation 

before/after the onset of the COVID-19 pandemic. Eveningness significantly predicted insomnia 

symptoms (a = -.21, p < .05), which in turn significantly predicted OCD symptoms (b = .60, p < 

.05). A 95% confidence interval of the indirect effect (ab = -.10) based on 10,000 bootstrap 

samples did not contain zero (-.24 to -.02), indicating a significant mediating effect of insomnia 

symptoms in the relationship between eveningness and OCD symptoms (see Table 8, Figure 15). 

 

 ISI (M) OCIR (Y) 

Predictor B SE p B SE p 

MEQ (X) -.16 .05 <.001 -.21 .10 <.05 

ISI (M)    .60 .26 <.05 

COVID (covariate) .65 1.34 .63 -3.03 2.81 .28 

 R2 = .15, p = .06 R2 = .20, p < .01 

Note. MEQ = Morningness-Eveningness Questionnaire; ISI = Insomnia Severity Index; OCIR = 
Obsessive-Compulsive Inventory-Revised; COVID = participated before/after the onset of the 
COVID-19 pandemic. 
 

Table 8. Unstandardized model coefficients for the hypothesized mediation model with MEQ as 
the indicator of eveningness (n = 77). 
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Figure 15. Unstandardized path coefficients for the hypothesized mediation model, in which 
insomnia symptoms significantly mediate the relationship between later circadian timing 
(indicated by the Morningness-Eveningness Questionnaire) and OCD symptoms, controlling for 
participation before/after the onset of the COVID-19 pandemic (n = 77). * p < .05. 
 

 Results of model 2 utilizing DSWPD diagnosis as the indicator of circadian timing 

likewise found that DSWPD significantly predicted OCD symptoms through its effects on 

insomnia symptoms, controlling for participation before/after the onset of the COVID-19 

pandemic. DSWPD significantly predicted insomnia symptoms (a = 6.23, p < .001), which in 

turn significantly predicted OCD symptoms (b = .62, p < .05). A 95% confidence interval of the 

indirect effect (ab = 3.89) based on 10,000 bootstrap samples did not contain zero (.99 to 8.53), 

indicating a significant mediating effect of insomnia symptoms in the relationship between 

DSWPD and OCD symptoms (see Table 9, Figure 16). 

 ISI (M) OCIR (Y) 

Predictor B SE p B SE p 

DSWPD (X) 6.23 1.35 <.001 5.97 23.87 .12 

ISI (M)    .62 .23 <.05 

COVID (covariate) .10 1.30 .94 -4.19 2.80 .13 
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 R2 = .19, p < .05 R2 = .19, p <.05 

Note. DSWPD = Delayed sleep-wake phase disorder diagnosis; ISI = Insomnia Severity Index; 
OCIR = Obsessive-Compulsive Inventory-Revised; COVID = participated before/after the onset 
of the COVID-19 pandemic. 
 

Table 9. Unstandardized model coefficients for the hypothesized mediation model with DSWPD 
as the indicator of eveningness (n = 76). 
 

 

Figure 16. Unstandardized path coefficients for the hypothesized mediation model, in which 
insomnia symptoms significantly mediate the relationship between later circadian timing 
(indicated by the delayed sleep-wake phase disorder diagnosis) and OCD symptoms, controlling 
for participation before/after the onset of the COVID-19 pandemic (n = 76). * p < .05. 
 

Study 2 Discussion 

 Results of Study 2 found support for the hypothesis that those with OCD would exhibit 

later circadian timing compared to healthy controls. Indeed, later circadian timing in OCD was 

observed across multiple measures, including morningness-eveningness, mid-sleep timing, and 

DSWPD status. These findings are consistent with previous research linking indicators of 

delayed circadian timing to OCD symptoms, including eveningness (Cox, Tuck, et al., 2018), 

dim light melatonin onset, and DSWPD status (Coles et al., 2020). Though previous work has 

linked later bedtimes to OCD symptoms (Nota et al., 2020), this is the first study to find later 
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mid-sleep in those with OCD compared to controls. Mid-sleep is a better indicator of sleep 

timing, as it reflects the timing of the total sleep period. Further, the large effect sizes found 

across multiple indicators of circadian timing suggest a robust effect for delayed circadian timing 

in OCD compared to healthy controls. Likewise, the present finding that 40% of those with OCD 

also met criteria for DSWPD replicates previous studies finding an almost identical rate of 

DSWPD in OCD (i.e., 40-42%; M. E. Coles et al., 2020; Turner et al., 2007), again suggesting 

the robustness of the present findings.  

 There was partial support for the hypothesis that those with OCD would exhibit increased 

sleep disturbance compared to healthy controls. Specifically, there was a large significant 

difference found for insomnia symptoms, such that those with OCD reported increased insomnia 

symptoms compared to healthy controls. This study is the first to compare insomnia symptom 

severity between those with OCD and healthy controls, though previous research has found 

significant associations between insomnia symptoms and OCD symptoms in clinical (Sevilla-

Cermeño et al., 2019, 2020) and nonclinical samples (Raines et al., 2015; Timpano et al., 2014). 

In contrast, there were no significant differences found between those with OCD and healthy 

controls on objective or subjective sleep duration or sleep quality. Given that there was 

inadequate power to detect small effects for sleep duration and sleep quality, it is difficult to 

interpret these discrepant findings. The large effect found for insomnia symptoms may reflect 

general distress among those with OCD, as the ISI includes items assessing distress and 

impairment. Such distress may also contribute to retrospective bias that inflates the ISI score, 

such that those with OCD overestimate sleep disturbance when describing their sleep over the 

past 2 weeks. Prospective sleep monitoring, as with the CSD and actigraphy, may then yield 

more accurate results that are not subject to retrospective bias. Interestingly, the extant literature 
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comparing those with OCD to healthy controls on various measures of sleep disturbance is also 

mixed. While one study found increased sleep disturbance on the Pittsburgh Sleep Quality Index 

(PSQI) among those with OCD compared to healthy controls (Donse et al., 2017), another study 

found group differences in PSQI were better accounted for by comorbid depression (Bobdey et 

al., 2002). Further, only one study to date has utilized sleep diaries to prospectively monitor 

subjective sleep and found no differences in subjective sleep duration between those with OCD 

and healthy controls (Coles et al., 2020). In contrast, results from our recent meta-analysis found 

a large effect for decreased objective sleep duration in those with OCD compared to healthy 

controls (Cox & Olatunji, 2020), and this effect was not accounted for by comorbid depression. 

This finding suggests that subjective distress may not wholly explain the group differences 

observed on the ISI. Given insufficient power, additional research utilizing multiple measures of 

sleep is needed to characterize possible sleep disturbance in OCD. 

 The present study did not find support for the hypothesis that those with OCD would 

exhibit decreased inhibition compared to healthy controls. Several previous studies have found 

evidence for decreased inhibition in those with OCD using the Stop Signal Task, and a recent 

meta-analysis found a moderate effect size for increased SSRT in those with OCD compared to 

controls (Snyder et al., 2015). Thus, the present null finding is likely due to insufficient power. 

Still, it is worth noting that an effect for increased SSRT has not been consistently found in OCD 

(Kalanthroff et al., 2017), and future studies may benefit from incorporating multiple measures 

of inhibitory control.  

The present study did not find support for the hypothesis that those with OCD would 

experience increased daily stressors and increased subjective and objective stress reactivity 

compared to healthy controls. Post-hoc power analyses found insufficient power to detect small 
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effects on these variables. There was particularly low power for the stress reactivity task, which 

could not be completed following the onset of the COVID-19 pandemic. The extant research on 

the role of stress in OCD is relatively limited. Though research has linked stressful life events to 

the onset of OCD (Real et al., 2011; Rosso et al., 2012), no study to date has examined the 

number of daily stressors in those with OCD compared to healthy controls. In addition to being 

underpowered, the onset of the COVID-19 pandemic may have further masked any group 

differences in number of daily stressors between those with OCD and healthy controls. Further, 

findings regarding stress reactivity are mixed. Though some studies have found heightened 

cortisol reactivity and subjective stress in response to a stressor among women with postpartum 

OCD (Lord et al., 2011, 2012), one found a blunted response among children with OCD 

(Gustafsson et al., 2008), and another study found no differences between adults with OCD and 

healthy controls on cortisol reactivity or HRV in response to a stressor (Kawano et al., 2013). 

Notably, these studies also utilized varying stress tasks, including a modified Trier Social Stress 

Task (TSST), a cold-pressor task, exposure therapy, and electrical shock, respectively, 

highlighting how different stress tasks can elicit different stress responses. In the present study, 

the use of an anticipatory stress task may have also contributed to the null findings, as merely 

anticipating (rather than experiencing) the stressor may have been insufficiently stressful and/or 

the deception involved in the task may not have been believable. Indeed, although the speech 

anticipation task did successfully increase subjective stress in the full sample, there was not a 

significant change in HRV throughout the task, suggesting this task may not be as potent as the 

gold-standard TSST. 

 Results from the multilevel models did not find support for a relationship between last 

night’s sleep duration or timing and next day OCD symptoms. These results are inconsistent with 
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extant research utilizing ecological momentary assessment to examine the relationship between 

daily sleep and anxiety-related symptoms. Indeed, one of our earlier studies found that decreased 

objective and subjective sleep duration predicted increased anxiety the following day, controlling 

for the previous day’s anxiety (Cox, Sterba, et al., 2018). Other ecological momentary 

assessment studies have found similar effects of last night’s sleep on next day anxiety (Kalmbach 

et al., 2017), worry in generalized anxiety disorder (Thielsch et al., 2015), and PTSD symptoms 

in PTSD (Short et al., 2017). However, these findings are partially consistent with the one study 

to date that utilized an ecological momentary assessment approach to examine the effects of 

night’s sleep duration and timing on next day OCD symptoms, which likewise found no main 

effects of subjective sleep duration or bedtimes in a sample of those with OCD and healthy 

controls (Schubert et al., 2019). Together these findings suggest that OCD symptoms may be less 

sensitive to daily variability in sleep duration and timing than general anxiety or worry.  

However, Schubert et. al. (2019) did find an interaction between bedtimes and OCD 

status, such that later bedtimes predicted increased OCD symptoms in those with OCD. The 

present study found no such interaction at the daily level and an opposite and unexpected trend-

level interaction at the person level, such that later average mid-sleep was associated with 

decreased average OCD symptoms among those with OCD, but was unrelated to OCD 

symptoms in those without OCD. Further, Schubert et al. (2019) found no interaction between 

subjective sleep duration and OCD symptoms. The present study likewise found no interactions 

for subjective sleep duration but did find a significant and unexpected interaction between 

objective sleep duration and OCD status at the person level, such that increased average 

objective total sleep time was associated with increased average OCD symptoms among those 

with OCD, but was unrelated to OCD symptoms among those without OCD. Given the high rate 
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of DSWPD in the OCD group (i.e., 40%), the relationship between later sleep timing and 

decreased OCD symptoms in the OCD group may indicate better functioning among those who 

are able to sleep on a schedule consistent with their later circadian timing. In this case, later sleep 

timing may represent decreased circadian misalignment, which is then associated with better 

functioning. The finding that increased average objective total sleep time was associated with 

increased average OCD symptoms in the OCD group is in apparent contradiction with our earlier 

meta-analysis finding decreased objective sleep duration in OCD compared to controls. 

Measurement issues may partially account for the discrepancies between these findings and the 

findings of Schubert et al. (2019). The present study utilized a 15-item OCD measure which 

included a disproportionate number of contamination items (Macatee et al., 2013), whereas 

Schubert et al. (2019) used simpler visual analogue scales assessing obsessions/compulsions 

frequency, distress, and control. The latter represents a lower burden measure which may be 

more suitable for capturing momentary OCD symptoms. Further, although participation 

before/after the COVID-19 pandemic was included as a covariate, the high number of 

contamination items in the daily OCD symptom measure may have captured adaptive responses 

to the pandemic and masked potential associations between our predictors and non-pandemic 

OCD symptoms.  

 In contrast, there was evidence for a significant main effect of daily stressors, such that 

increased number of daily stressors was associated with increased daily OCD symptoms. A 

significant effect at the person level was also found in the sleep timing model, indicating that 

increased average number of stressors over the week was associated with increased average 

OCD symptoms over the week. Though few studies have examined the role of daily stress in 

OCD, one study likewise found an association between increased number of daily stressors and 
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increased daily OCD symptoms in an unselected sample (Macatee et al., 2013). Together these 

findings suggest that daily OCD symptoms may be exacerbated by experiencing naturalistic 

daily life stressors. Further, week-average sleep timing significantly interacted with week-

average stressors to predict week-average OCD symptoms, such that the highest average OCD 

symptoms were reported by those who reported later average sleep timing and more stressors 

over the duration of the week. This finding suggests that the effect of sleep timing may depend 

on context. For example, those experiencing a particularly stressful week may attempt to 

compensate by shifting their sleep period later, which may then result in increased OCD 

symptoms.  

 The hypothesis that sleep disturbance would mediate the relationship between later 

circadian timing and OCD symptoms was supported by two mediation models using eveningness 

and DSWPD status as the indicators of circadian timing and insomnia symptoms as the indicator 

of sleep disturbance, controlling for participation before/after the onset of the COVID-19 

pandemic. Both eveningness and DSWPD significantly predicted increased insomnia symptoms. 

Eveningness has consistently been associated with sleep disturbance, including insomnia 

symptoms (Merikanto et al., 2012), increased daily variability in sleep (Bei et al., 2016), and 

general sleep disturbance (Suh et al., 2017). Likewise, insomnia symptoms are one of the 

diagnostic criteria for DSWPD (American Psychiatric Association, 2013), and previous studies 

have found high rates of insomnia in DSWPD (Sivertsen et al., 2013), as well as increased sleep 

onset latency (Micic et al., 2016) and variability in sleep duration and timing (Burgess et al., 

2017). Later circadian timing may interfere with sleep through several mechanisms. Insomnia 

symptoms may develop among those with later circadian timing who are attempting to initiate 

sleep at an earlier time that is inconsistent with their internal circadian phase. Those with later 
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circadian timing may also attempt to fit their sleep timing to environmental demands during the 

week (e.g., the need be at work by 8:00am) and then sleep on a schedule that is more consistent 

with their internal circadian phase on the weekends. Such variability in sleep timing may then 

contribute to insomnia symptoms by interfering with consistent circadian entrainment (e.g., 

morning light exposure is received at variable times) and/or contributing to variability in 

homeostatic sleep pressure on subsequent nights.  

 Insomnia symptoms also significantly predicted increased OCD symptoms, which is 

consistent with previous research implicating sleep disturbance in OCD (Cox, Jessup, et al., 

2018; Nota et al., 2015). Extant research has also linked insomnia symptoms to increased OCD 

symptoms in unselected samples (Raines et al., 2015; Timpano et al., 2014), including evidence 

for a predictive effect of insomnia symptoms on increased OCD symptoms over time (Cox, Cole, 

et al., 2018; Cox, Tuck, et al., 2018). This study is the first to show an association between 

insomnia symptoms and OCD symptoms in a sample that includes individuals with OCD, 

indicating that previous findings in unselected samples also extend to clinical samples. Insomnia 

is associated with a wide range of daytime consequences that may contribute to increased OCD 

symptoms, including depression and general anxiety symptoms (Hellberg et al., 2019), emotion 

dyresgulation (Palagini et al., 2017), and impaired cognitive function, including working 

memory, episodic memory, and problem solving (Wardle-Pinkston et al., 2019).  

 In both models, the effects of eveningness and DSWPD on increased OCD symptoms 

were significantly mediated by insomnia symptoms. Our previous work found a similar 

mediating effect between eveningness and OCD symptoms over 6 months in a sample of 

unselected adults (Cox, Tuck, et al., 2018), and the present finding extends this to a clinical 

sample. Further, though previous research has linked DSWPD to psychopathology broadly (Reid 
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et al., 2012) and OCD specifically (Coles et al., 2020), this study offers the first is evidence for 

the mediating role of insomnia in this relationship. These mediation models suggest that later 

circadian timing may contribute to increased OCD symptoms through its effect on sleep. For 

example, those with later circadian timing may experience insomnia symptoms or poor sleep 

quality when attempting to sleep on a schedule that is misaligned with their circadian phase. 

These sleep disturbances may then confer vulnerability for increased OCD symptoms. This 

interpretation is supported by prior research showing that sleep disturbance mediates the effect of 

eveningness on mental health outcomes, including depression and anxiety symptoms (Dickinson 

et al., 2018; Merikanto & Partonen, 2021; Zhou et al., 2021). These findings integrate the 

developing literatures linking delayed circadian rhythms and sleep disturbance to OCD.  

 Though the ecological momentary assessment findings did not indicate a proximal effect 

of daily sleep duration and timing on daily OCD symptoms, there was robust evidence for 

delayed circadian timing and increased insomnia symptoms in OCD, as well as evidence for a 

mediating role of insomnia symptoms in the relationship between later circadian timing and 

increased OCD symptoms. These findings have important clinical implications for the 

assessment and treatment of OCD. First, sleep and circadian timing should be assessed in OCD 

patients. Indeed, the finding that 40% of the OCD group met criteria for DSWPD suggests that 

DSWPD is an important yet overlooked OCD comorbidity. These findings suggest a significant 

piece of the clinical presentation is missing if these processes are not evaluated in OCD patients, 

as recent studies suggest sleep disturbance predicts worse treatment outcome in both children 

and adults with OCD (Donse et al., 2017; Ivarsson & Skarphedinsson, 2019). Further, targeting 

sleep and circadian rhythms may improve OCD treatment efficacy. Indeed, one recent study 

found that inpatient OCD treatment facilities that programs with a set “lights out” time have a 
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higher rate of treatment response (Coles & Stewart, 2019). Another recent study examining the 

efficacy of a sleep and circadian intervention in evening type adolescents found that reduced 

eveningness mediated the impact of the treatment on multiple aspects of overall health, including 

emotional health (Dong et al., 2019). No study to date has examined the impact of sleep 

interventions on OCD symptoms. However, previous meta-analyses indicate that CBTI is 

associated general anxiety (Belleville et al., 2011) and PTSD symptom reduction (Ho et al., 

2016), suggesting that targeting insomnia symptoms in OCD treatment may have similar effects.  

 The present study largely found evidence for roles of later circadian timing and insomnia 

symptoms in OCD, whereas there was no evidence for an effect of last night’s sleep duration and 

timing on next day OCD symptoms. However, these findings should be considered within the 

context of the study limitations. First and most notably, the onset of the COVID-19 pandemic 

prohibited achieving the desired sample size and resulted in approximately 1/3 of the sample 

participating virtually. Several hypotheses of interest were limited by lack of power, particularly 

regarding inhibition and stress reactivity. Further, the low number of healthy controls recruited 

prior to the pandemic precluded the ability to consider pre/post pandemic onset in the group 

comparison analyses. Although dimensional analyses included pre/post pandemic onset as a 

covariate, it is possible that the unprecedented nature of a global pandemic impacted these results 

over and above what could be accounted for by this covariate. Second, though multiple 

indicators of circadian timing were utilized, we did not include an objective measure of circadian 

phase, such as dim light melatonin onset, which may better capture physiological circadian 

rhythms. Third, a large number of participants were excluded from the HRV analyses due to 

equipment failure or low quality recordings, which further contributed to the problem of low 

power. Fourth, the sample was disproportionately female, making the degree to which these 
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findings apply to males unclear. Fifth, the lack of an experimental manipulation precludes the 

ability to make a causal inference regarding the direction of the relationships between later 

circadian timing, insomnia symptoms, and OCD. Despite these limitations, this study offers 

additional support for later circadian timing and increased insomnia symptoms in those with 

OCD and provides the first evidence for a mediating role of insomnia symptoms in the 

relationship between later circadian timing and OCD symptom severity.  
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Chapter IV 

 

Conclusions and Future Directions 

 Results of Study 1 suggest that decreased inhibition is associated with increased OCD 

symptoms and intrusive cognition following sleep loss, particularly among those with lower 

sleep efficiency prior to sleep restriction. However, there was no evidence for decreased 

inhibition and increased OCD symptoms following sleep restriction, nor evidence for a role of 

stressors in OCD symptoms following sleep restriction. Study 2 found later circadian timing and 

increased insomnia symptoms in those with OCD compared to healthy controls, as well as a 

mediating effect of insomnia symptoms in the relationship between later circadian timing and 

increased OCD symptoms in the full sample. In contrast to Study 1, Study 2 also found that later 

sleep timing was associated with increased daily OCD symptoms among those who experienced 

more daily stressors over 1 week. Taken together, these findings suggest that later circadian 

timing and sleep disturbance may contribute to increased OCD symptoms and are associated 

with OCD status and symptom severity. These studies offer support for the pathways in the 

proposed model linking delayed circadian rhythms to OCD through the effect of sleep 

disturbance (see Figure 17). These studies also offer modest support for the roles of inhibition 

and stress as potential mechanisms linking sleep and circadian disruption to OCD, though it 

remains unclear whether the possible effects of inhibition and stress occur in a pathway 

downstream of delayed circadian rhythms and sleep disturbance, as suggested in the proposed 

model (see Figure 17). Additional research is needed to further test the potential mediating roles 

of inhibition and stress in the pathway from delayed circadian timing to sleep disturbance to 

OCD symptoms.  
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Figure 17. Proposed model linking circadian rhythms to OCD through the intervening effects of 
sleep disturbance, inhibition, and stress.  
  

 The results of these studies raise several interesting questions for future research. First, 

evidence for links between sleep and anxiety-related outcomes suggests that the neural 

mechanisms of sleep may offer insight into the neural mechanisms of anxiety disorders. Indeed, 

the locus coeruleus, a key neural region in the regulation of wake and NREM sleep, is also 

known to project to regions associated with anxiety and fear, including the amygdala, 

hypothalamus, and prefrontal cortex (Sullivan et al., 1999). More recently, orexin, which is 

involved in signaling arousal and suppressing REM sleep, has been implicated in promoting fear 

learning and impairing extinction (Flores et al., 2014; Sears et al., 2013). Together these findings 

suggest the utility of exploring the roles of known neural mechanisms of sleep in anxiety 

disorders, including OCD.  

 These findings also raise interesting questions about circadian misalignment; that is, 

desynchrony in the timing of sleep vs the timing of circadian phase. Circadian misalignment may 

account for the associations between later circadian timing and OCD observed in Study 2. 

Likewise, if circadian misalignment underpins the effect of later circadian timing, this may 

explain the unexpected finding that later sleep timing was associated with decreased OCD 

symptoms among the OCD group. That is, later daily sleep timing may reduce misalignment by 
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increasing the match between sleep timing and circadian phase. Future research sampling sleep 

timing and dim light melatonin onset is needed to clarify the role of circadian misalignment in 

OCD. 

 Another interesting area for future research involves the role of entrainment cues in OCD. 

Entrainment cues are stimuli in the external environment that facilitate synchronization of 

circadian phase with the 24-hour light/dark cycle and include light exposure, exercise, social 

contact, and eating (Mistlberger & Skene, 2005). Exposure to entrainment cues varies by 

chronotype, and previous findings indicate more irregular social rhythms (Martin et al., 2012) 

and decreased light exposure (Martin et al., 2012; Van der Maren et al., 2018) in evening 

chronotypes. Future research sampling entrainment cues in those with OCD would offer a more 

thorough characterization of the role of circadian rhythms in OCD and could identify additional 

circadian-related targets for intervention.   

 These findings also suggest the utility of examining OCD symptoms during phases of life 

characterized by sleep and circadian rhythm disruption. One such phase is adolescence, during 

which time circadian rhythms and sleep/wake timing shift later (Crowley et al., 2007; R. W. 

Logan & McClung, 2019), creating a mismatch between desired sleep timing and external 

demands (e.g., school start times). Adolescence may then represent a vulnerable period for the 

impacts of sleep and circadian rhythm disruption on OCD. Indeed, a recent study found that the 

average of OCD symptom onset is 17 (Albert et al., 2015). We have noted that previous research 

found chronotype is unrelated to OCD symptoms in adolescents, but relations between indicators 

of delayed circadian rhythms and OCD symptoms emerge beginning in college-aged samples 

(Cox & Olatunji, 2019a). Circadian rhythms begin a gradual phase advance in early adulthood 

that continues across the lifespan (R. W. Logan & McClung, 2019). Together these findings raise 
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the possibility that those who do not exhibit a circadian advance following adolescence may be 

at risk for the onset of OCD. Longitudinal studies tracking circadian rhythms, sleep/wake 

schedules, and OCD symptoms across the transition from adolescence to early adulthood are 

needed to explore this possibility. 

 Another potential critical period for the relationships between sleep and circadian rhythm 

disruption and OCD is pregnancy and postpartum. Sleep disturbance in the perinatal period has 

been well-documented (Bei et al., 2015), and the developing literature on postpartum OCD 

suggests pregnancy/postpartum is associated with both the onset and worsening of OCD 

symptoms (Speisman et al., 2011). Further, a small but growing literature links insomnia and 

sleep disturbance to anxiety in the perinatal period (Gueron-Sela et al., 2020; Okun et al., 2018; 

Swanson et al., 2011). Indeed, recent studies have found that insomnia during pregnancy predicts 

postpartum anxiety (Osnes et al., 2019, 2020) and OCD symptoms (Osnes et al., 2020), and one 

study found that later sleep timing relative to their circadian phase in the third trimester predicts 

increased postpartum OCD symptoms (Obeysekare et al., 2020). Additional research is needed to 

characterize the links between sleep and circadian rhythm disturbance and OCD symptoms in the 

perinatal period, as this may represent a time of particular vulnerability for the onset or 

exacerbation of OCD symptoms in women.    

 Relatedly, the present findings raise exciting possibilities about the use of sleep and 

circadian interventions in OCD treatment. Indeed, CBTI has been shown to decrease anxiety 

symptoms (Belleville et al., 2011; de Bruin et al., 2018), including intrusive cognition such as 

worry and rumination (Kalmbach et al., 2019). However, no study to date has examined the 

efficacy of CBTI for OCD symptoms. Findings from Study 2 also suggest that targeting delayed 

circadian rhythms may be beneficial for treating OCD. Indeed, one recent study found that 
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consistent entrainment cues were associated with better treatment outcomes in an inpatient OCD 

treatment program (Coles & Stewart, 2019), and recent pilot studies have shown preliminary 

evidence for the efficacy of light therapy in treating PTSD and Tourette’s disorder (Ricketts et 

al., 2021; Zalta et al., 2019), which share clinical features with OCD. Thus, chronotherapeutic 

approaches, including reducing circadian misalignment and stabilizing exposure to entrainment 

cues, may have clinical utility in OCD treatment. Additional research is needed to further 

characterize the role of sleep and circadian rhythms in OCD and determine whether targeting 

sleep disturbance and later circadian timing may hold clinical utility for treating OCD.   

  

  



 91 

REFERENCES 

Abramovitch, A., Shaham, N., Levin, L., Bar-Hen, M., & Schweiger, A. (2015). Response 

inhibition in a subclinical obsessive-compulsive sample. Journal of Behavior Therapy and 

Experimental Psychiatry, 46, 66–71. https://doi.org/10.1016/j.jbtep.2014.09.001 

Albert, U., Manchia, M., Tortorella, A., Volpe, U., Rosso, G., Carpiniello, B., & Maina, G. 

(2015). Admixture analysis of age at symptom onset and age at disorder onset in a large 

sample of patients with obsessive-compulsive disorder. Journal of Affective Disorders, 187, 

188–196. https://doi.org/10.1016/j.jad.2015.07.045 

Almeida, D. M., Wethington, E., Kessler, R. C., Almeida, D. M., Wethington, E., & Kessler, R. 

C. (2002). The Daily Inventory of Stressful Events for measuring daily stressors. Assesment, 

9(1), 41–55. https://doi.org/10.1177/1073191102091006 

Alvaro, P. K., Roberts, R. M., & Harris, J. K. (2014). The independent relationships between 

insomnia, depression, subtypes of anxiety, and chronotype during adolescence. Sleep 

Medicine, 15(8), 934–941. https://doi.org/10.1016/j.sleep.2014.03.019 

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders 

(5th ed.). 

Ancoli-Israel, S., Cole, R., Alessi, C., Chambers, M., Moorcroft, W., & Pollak, C. P. (2003). The 

role of actigraphy in the study of sleep and circadian rhythms. American Academy of Sleep 

Medicine review paper. Sleep, 26(3), 342–392. 

Anderson, C., & Platten, C. R. (2011). Sleep deprivation lowers inhibition and enhances 

impulsivity to negative stimuli. Behavioural Brain Research, 217, 463–466. 

https://doi.org/10.1016/j.bbr.2010.09.020 

Antypa, N., Vogelzangs, N., Meesters, Y., Schoevers, R., & Penninx, B. W. J. H. (2016). 



 92 

Chronotype associations with depression and anxiety disorders in a large cohort study. 

Depression and Anxiety, 33(1), 75–83. https://doi.org/10.1002/da.22422 

Arnal, P. J., Sauvet, F., Leger, D., van Beers, P., Bayon, V., Bougard, C., Rabat, A., Millet, G. 

Y., & Chennaoui, M. (2015). Benefits of sleep extension on sustained attention and sleep 

pressure before and during total sleep deprivation and recovery. Sleep, 38(12), 1935–1943. 

https://doi.org/10.5665/sleep.5244 

Babson, K. A., Feldner, M. T., Trainor, C. D., & Smith, R. C. (2009). An experimental 

investigation of the effects of acute sleep deprivation on panic-relevant biological challenge 

responding. Behavior Therapy, 40(3), 239–250. https://doi.org/10.1016/j.beth.2008.06.001 

Babson, K. A., Trainor, C. D., Feldner, M. T., & Blumenthal, H. (2010). A test of the effects of 

acute sleep deprivation on general and specific self-reported anxiety and depressive 

symptoms: An experimental extension. Journal of Behavior Therapy and Experimental 

Psychiatry, 41(3), 297–303. https://doi.org/10.1016/j.jbtep.2010.02.008 

Baglioni, C., Nanovska, S., Regen, W., Spiegelhalder, K., Feige, B., Nissen, C., Reynolds, C. F., 

& Riemann, D. (2016). Sleep and mental disorders: A meta-analysis of polysomnographic 

research. Psychological Bulletin, 142(9), 969–990. https://doi.org/10.1037/bul0000053 

Bailey, S. L., & Heitkemper, M. M. (2001). Circadian rhythmicity of cortisol and body 

temperature: Morningness-eveningness effects. Chronobiology International, 18(2), 249–

261. https://doi.org/10.1081/CBI-100103189 

Barnes, C. M., & Drake, C. L. (2015). Prioritizing sleep health: Public health policy 

recommendations. Perspectives on Psychological Science, 10(6), 733–737. 

https://doi.org/10.1177/1745691615598509 

Bastien, C. H. (2011). Insomnia: Neurophysiological and neuropsychological approaches. 



 93 

Neuropsychology Review, 21(1), 22–40. https://doi.org/10.1007/s11065-011-9160-3 

Bastien, C. H., Vallieres, A., & Morin, C. M. (2001). Validation of the insomnia severity index 

as an outcome measure for insomnia research. Sleep Medicine, 2, 297–307. 

https://doi.org/10.1080/15402002.2011.606766 

Baum, K. T. ., Desai, A., Field, J., Miller, L. E. ., Rausch, J., & Beebe, D. W. (2014). Sleep 

restriction worsens mood and emotion regulation in adolescents. Journal of Child 

Psychology and Psychiatry, 55(2), 180–190. https://doi.org/10.1111/jcpp.12125 

Bei, B., Coo, S., Baker, F. C., & Trinder, J. (2015). Sleep in women: A review. Australian 

Psychologist, 50(1), 14–24. https://doi.org/10.1111/ap.12095 

Bei, B., Wiley, J. F., Trinder, J., & Manber, R. (2016). Beyond the mean: A systematic review on 

the correlates of daily intraindividual variability of sleep/wake patterns. Sleep Medicine 

Reviews, 28, 108–124. https://doi.org/10.1016/j.smrv.2015.06.003 

Belleville, G., Cousineau, H., Levrier, K., & St-Pierre-Delorme, M. E. (2011). Meta-analytic 

review of the impact of cognitive-behavior therapy for insomnia on concomitant anxiety. 

Clinical Psychology Review, 31(4), 638–652. https://doi.org/10.1016/j.cpr.2011.02.004 

Benca, R. M., Obermeyer, W. H., Thisted, R. A., & Gillin, J. C. (1992). Sleep and Psychiatric 

Disorders. Archives of General Psychiatry, 49, 651–668. 

Bobdey, M., Fineberg, N., Gale, T. M., Patel, A., & Davies, H. A. (2002). Reported sleep 

patterns in obsessive compulsive disorder (OCD). International Journal of Psychiatry in 

Clinical Practice, 6(1), 15–21. https://doi.org/10.1080/136515002753489371 

Bocca, M. L., Marie, S., & Chavoix, C. (2014). Impaired inhibition after total sleep deprivation 

using an antisaccade task when controlling for circadian modulation of performance. 

Physiology and Behavior, 124, 123–128. https://doi.org/10.1016/j.physbeh.2013.10.024 



 94 

Borbély, A. A., Daan, S., Wirz-Justice, A., & Deboer, T. (2016). The two-process model of sleep 

regulation: A reappraisal. Journal of Sleep Research, 25(2), 131–143. 

https://doi.org/10.1111/jsr.12371 

Botella, P., & Parra, A. (2003). Coffee increases state anxiety in males but not in females. 

Human Psychopharmacology, 18(2), 141–143. https://doi.org/10.1002/hup.444 

Brown, R. E., Basheer, R., McKenna, J. T., Strecker, R. E., & McCarley, R. W. (2012). Control 

of sleep and wakefulness. Physiology Review, 92(3), 1087–1187. 

https://doi.org/10.1152/physrev.00032.2011 

Burgess, H. J., Park, M., Wyatt, J. K., Rizvydeen, M., & Fogg, L. F. (2017). Sleep and circadian 

variability in people with delayed sleep-wake phase disorder versus healthy controls. Sleep 

Medicine, 34, 33–39. https://doi.org/10.1016/j.sleep.2017.02.019 

Burke, T. M., Scheer, F. A. J. L., Ronda, J. M., Czeisler, C. A., & Wright, K. P. (2015). Sleep 

inertia, sleep homeostatic and circadian influences on higher-order cognitive functions. 

Journal of Sleep Research, 24(4), 364–371. https://doi.org/10.1111/jsr.12291 

Buysse, D. J., Ancoli-Israel, S., Edinger, J. D., Lichstein, K. L., & Morin, C. M. (2006). 

Recommendations for a standard research assessment of insomnia. Sleep, 29(9), 1155–

1173. 

Cabanel, N., Schmidt, A.-M., Fockenberg, S., Brückmann, K. F., Haag, A., Müller, M. J., & 

Kundermann, B. (2019). Evening preference and poor sleep independently affect 

attentional-executive functions in patients with depression. Psychiatry Research, 

281(March), 112533. https://doi.org/10.1016/j.psychres.2019.112533 

Carney, C. E., Buysse, D. J., Ancoli-Israel, S., Edinger, J. D., Krystal, A. D., Lichstein, K. L., & 

Morin, C. M. (2012). The Consensus Sleep Diary: Standardizing prospective sleep self-



 95 

monitoring. Sleep, 35(2), 287–302. 10.5665/sleep.1642 

Carpenter, J. S., Abelmann, A. C., Hatton, S. N., Robillard, R., Hermens, D. F., Bennett, M. R., 

Lagopoulos, J., & Hickie, I. B. (2017). Pineal volume and evening melatonin in young 

people with affective disorders. Brain Imaging and Behavior, 11(6), 1741–1750. 

https://doi.org/10.1007/s11682-016-9650-2 

Catapano, F., Monteleone, P., Fuschino, A., Maj, M., & Kemali, D. (1992). Melatonin and 

cortisol secretion in patients with primary obsessive-compulsive disorder. Psychiatry 

Research, 44(3), 217–225. https://doi.org/10.1016/0165-1781(92)90025-X 

Cellini, N., Buman, M. P., Mcdevitt, E. A., Ricker, A. A., & Mednick, S. C. (2013). Direct 

comparison of two actigraphy devices with polysomnographically recorded naps in healthy 

young adults. Chronobiology International, 30(5), 691–698. 

https://doi.org/10.3109/07420528.2013.782312 

Chamberlain, S. R., Blackwell, A. D., Fineberg, N. A., Robbins, T. W., & Sahakian, B. J. (2005). 

The neuropsychology of obsessive compulsive disorder: The importance of failures in 

cognitive and behavioural inhibition as candidate endophenotypic markers. Neuroscience 

and Biobehavioral Reviews, 29(3), 399–419. 

https://doi.org/10.1016/j.neubiorev.2004.11.006 

Chuah, Y. M. L., Venkatraman, V., Dinges, D. F., & Chee, M. W. L. (2006). The neural basis of 

interindividual variability in inhibitory efficiency after sleep deprivation. Journal of 

Neuroscience, 26(27), 7156–7162. https://doi.org/10.1523/jneurosci.0906-06.2006 

Coles, M. E., Schubert, J., Stewart, E., Sharkey, K. M., & Deak, M. (2020). Sleep duration and 

timing in obsessive-compulsive disorder (OCD): Evidence for circadian phase delay. Sleep 

Medicine, 72, 111–117. https://doi.org/10.1016/j.sleep.2020.03.021 



 96 

Coles, M. E., & Stewart, E. (2019). Circadian zeitgebers and treatment outcome in inpatient 

programs for obsessive compulsive disorder (OCD): a pilot study. Chronobiology 

International, 0(00), 1–4. https://doi.org/10.1080/07420528.2019.1624563 

Coles, M. E., Wirshba, C. J., Nota, J., Schubert, J., & Grunthal, B. A. (2018). Obsessive 

compulsive disorder prevalence increases with latitude. Journal of Obsessive-Compulsive 

and Related Disorders, 18(March), 25–30. https://doi.org/10.1016/j.jocrd.2018.04.001 

Cousins, J. N., Sasmita, K., & Chee, M. W. L. (2018). Memory encoding is impaired after 

multiple nights of partial sleep restriction. Journal of Sleep Research, 27(1), 138–145. 

https://doi.org/10.1111/jsr.12578 

Covassin, N., de Zambotti, M., Sarlo, M., De Min Tona, G., Sarasso, S., & Stegagno, L. (2011). 

Cognitive performance and cardiovascular markers of hyperarousal in primary insomnia. 

International Journal of Psychophysiology, 80(1), 79–86. 

https://doi.org/10.1016/j.ijpsycho.2011.02.005 

Cox, R. C., Cole, D. A., Kramer, E. L., & Olatunji, B. O. (2018). Prospective associations 

between sleep disturbance and repetitive negative thinking: The mediating roles of focusing 

and shifting attentional control. Behavior Therapy, 49(1), 21–31. 

https://doi.org/10.1016/j.beth.2017.08.007 

Cox, R. C., Ebesutani, C., & Olatunji, B. O. (2016). Linking sleep disturbance and maladaptive 

repetitive thought: The role of executive function. Cognitive Therapy and Research, 40, 

107–117. https://doi.org/10.1007/s10608-015-9713-5 

Cox, R. C., Jessup, S., & Olatunji, B. O. (2018). Sleep disturbance in obsessive-compulsive 

disorder: Preliminary evidence for a mechanistic relationship. Current Sleep Medicine 

Reports, 4(2), 89–93. https://doi.org/10.1007/s40675-018-0109-4 



 97 

Cox, R. C., & Olatunji, B. O. (2016a). A systematic review of sleep disturbance in anxiety and 

related disorders. Journal of Anxiety Disorders, 37, 104–129. 

https://doi.org/10.1016/j.janxdis.2015.12.001 

Cox, R. C., & Olatunji, B. O. (2016b). Sleep disturbance and obsessive-compulsive symptoms: 

Results from the national comorbidity survey replication. Journal of Psychiatric Research, 

75, 41–45. https://doi.org/10.1016/j.jpsychires.2016.01.007 

Cox, R. C., & Olatunji, B. O. (2019a). Circadian rhythms in obsessive-compulsive disorder: 

Recent findings and recommendations for future research. Current Psychiatry Reports, 21, 

54. https://doi.org/10.1007/s11920-019-1033-0 

Cox, R. C., & Olatunji, B. O. (2019b). Differential associations between chronotype, anxiety, 

and negative affect: A structural equation modeling approach. Journal of Affective 

Disorders, 257, 321–330. https://doi.org/10.1016/j.jad.2019.07.012 

Cox, R. C., & Olatunji, B. O. (2020). Sleep in the anxiety-related disorders: A meta-analysis of 

subjective and objective research. Sleep Medicine Reviews, 51, 101282. 

https://doi.org/10.1016/j.smrv.2020.101282 

Cox, R. C., Sterba, S. K., Cole, D. A., Upender, R. P., & Olatunji, B. O. (2018). Time of day 

effects on the relationship between daily sleep and anxiety: An ecological momentary 

assessment approach. Behaviour Research and Therapy, 111, 44–51. 

https://doi.org/10.1016/j.brat.2018.09.008 

Cox, R. C., Tuck, B., & Olatunji, B. O. (2018). The role of eveningness in obsessive-compulsive 

symptoms: Cross-sectional and prospective approaches. Journal of Affective Disorders, 235, 

448–455. https://doi.org/10.1016/j.jad.2018.04.060 

Crowley, S. J., Acebo, C., & Carskadon, M. A. (2007). Sleep, circadian rhythms, and delayed 



 98 

phase in adolescence. Sleep Medicine, 8(6), 602–612. 

https://doi.org/10.1016/j.sleep.2006.12.002 

de Bruin, E. J., Bögels, S. M., Oort, F. J., & Meijer, A. M. (2018). Improvements of adolescent 

psychopathology after insomnia treatment: results from a randomized controlled trial over 

1 year. Journal of Child Psychology and Psychiatry and Allied Disciplines, 59(5), 509–522. 

https://doi.org/10.1111/jcpp.12834 

de Punder, K., Heim, C., & Entringer, S. (2019). Association between chronotype and body mass 

index: The role of C-reactive protein and the cortisol response to stress. 

Psychoneuroendocrinology, 109(May), 104388. 

https://doi.org/10.1016/j.psyneuen.2019.104388 

Demos, K. E., Hart, C. N., Sweet, L. H., Mailloux, K. A., Trautvetter, J., Williams, S. E., Wing, 

R. R., & McCaffery, J. M. (2016). Partial sleep deprivation impacts impulsive action but not 

impulsive decision-making. Physiology and Behavior, 164(2016), 214–219. 

https://doi.org/10.1016/j.physbeh.2016.06.003 

Désir, D., Van Cauter, E., Golstein, J., Fang, V. S., Leclercq, R., Refetoff, S., & Copinschi, G. 

(1980). Circadian and ultradian variations of acth and cortisol secretion1. Hormone 

Research in Paediatrics, 13(4–5), 302–316. https://doi.org/10.1159/000179297 

Deviva, J. C., Rosen, M. I., Cooney, N. L., & Black, A. C. (2019). Ecological momentary 

assessment of sleep and PTSD symptoms in a veteran sample. Psychological Trauma : 

Theory , Research , Practice , and Policy. 

Dickinson, D. L., Wolkow, A. P., Rajaratnam, S. M. W., & Drummond, S. P. A. (2018). Personal 

sleep debt and daytime sleepiness mediate the relationship between sleep and mental health 

outcomes in young adults. Depression and Anxiety, 35(8), 775–783. 



 99 

https://doi.org/10.1002/da.22769 

Dinges, D. F., Douglas, S. D., Hamarman, S., Zaugg, L., & Kapoor, S. (1995). Sleep deprivation 

and human immune function. Advances in Neuroimmunology, 5, 97–110. 

Dinges, D. F., Pack, F., Williams, K., Gillen, K. A., Powell, J. W., Ott, G. E., Aptowicz, C., & 

Pack, A. I. (1997). Cumulative sleepiness, mood disturbance, and psychomotor vigilance 

performance decrements during a week of sleep restricted to 4-5 hours per night. Sleep, 

20(4), 267–277. http://www.ncbi.nlm.nih.gov/pubmed/9231952 

Doane, L. D., Gress-Smith, J. L., & Breitenstein, R. S. (2014). Multi-method assessments of 

sleep over the transition to college and the associations with depression and anxiety 

symptoms. Journal of Youth and Adolescence, 44(2), 389–404. 

https://doi.org/10.1007/s10964-014-0150-7 

Dong, L., Gumport, N. B., Martinez, A. J., & Harvey, A. G. (2019). Is improving sleep and 

circadian problems in adolescence a pathway to improved health? A mediation analysis. 

Journal of Consulting and Clinical Psychology, 87(9), 757–771. 

https://doi.org/10.1037/ccp0000423 

Donse, L., Sack, A. T., Fitzgerald, P. B., & Arns, M. (2017). Sleep disturbances in obsessive-

compulsive disorder: Association with non-response to repetitive transcranial magnetic 

stimulation (rTMS). Journal of Anxiety Disorders, 49(July 2016), 31–39. 

https://doi.org/10.1016/j.janxdis.2017.03.006 

Drummond, S. P. A., Paulus, M. P., & Tapert, S. F. (2006). Effects of two nights sleep 

deprivation and two nights recovery sleep on response inhibition. Journal of Sleep 

Research, 15(3), 261–265. https://doi.org/10.1111/j.1365-2869.2006.00535.x 

Duffy, J. F., Rimmer, D. W., & Czeisler, C. A. (2001). Association of intrinsic circadian period 



 100 

with morningness-eveningness, usual wake time, and circadian phase. Behavioral 

Neuroscience, 115(4), 895–899. https://doi.org/10.1037/0735-7044.115.4.895 

Ehring, T., Zetsche, U., Weidacker, K., Wahl, K., Schönfeld, S., & Ehlers, A. (2011). The 

Perseverative Thinking Questionnaire (PTQ): Validation of a content-independent measure 

of repetitive negative thinking. Journal of Behavior Therapy and Experimental Psychiatry, 

42(2), 225–232. https://doi.org/10.1016/j.jbtep.2010.12.003 

España, R. A., & Scammell, T. E. (2011). Sleep neurobiology from a clinical perspective. Sleep, 

34(7). https://doi.org/10.5665/SLEEP.1112 

Ferini-Strambi, L., Bellodi, L., Oldani, A., Bertella, S., Smirne, S., & Battaglia, M. (2002). 

Cyclic alternating pattern of sleep electroencephalogram in patients with panic disorder. 

Biological Psychiatry, 40(3), 225–227. https://doi.org/10.1016/0006-3223(96)84505-7 

Finan, P. H., Remeniuk, B., Quartana, P. J., Garland, E. L., Rhudy, J. L., Hand, M., Irwin, M. R., 

& Smith, M. T. (2017). Partial sleep deprivation attenuates the positive affective system: 

Effects across multiple measurement modalities. Sleep, 40(1), zsw017. 

https://doi.org/10.1093/sleep/zsw017 

Flores, Á., Valls-Comamala, V., Costa, G., Saravia, R., Maldonado, R., & Berrendero, F. (2014). 

The hypocretin/orexin system mediates the extinction of fear memories. 

Neuropsychopharmacology, 39(12), 2732–2741. https://doi.org/10.1038/npp.2014.146 

Foa, E. B., Huppert, J. D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G., & Salkovskis, P. M. 

(2002). The obsessive-compulsive inventory: Development and validation of a short 

version. Psychological Assessment, 14(4), 485–496. https://doi.org/10.1037/1040-

3590.14.4.485 

Franzen, P. L., Siegle, G. J., & Buysse, D. J. (2008). Relationships between affect, vigilance, and 



 101 

sleepiness following sleep deprivation. Journal of Sleep Research, 17(1), 34–41. 

https://doi.org/10.1111/j.1365-2869.2008.00635.x 

Fuller, K. H., Waters, W. F., & Scott, O. (1994). An investigation of slow-wave sleep processes 

in chronic PTSD patients. Journal of Anxiety Disorders, 8(3), 227–236. 

https://doi.org/10.1016/0887-6185(94)90004-3 

Gobin, C. M., Banks, J. B., Fins, A. I., & Tartar, J. L. (2015). Poor sleep quality is associated 

with a negative cognitive bias and decreased sustained attention. Journal of Sleep Research, 

24(5), 535–542. https://doi.org/10.1111/jsr.12302 

Gueron-Sela, N., Shahar, G., Volkovich, E., & Tikotzky, L. (2020). Prenatal maternal sleep and 

trajectories of postpartum depression and anxiety symptoms. Journal of Sleep Research, 

November, 1–11. https://doi.org/10.1111/jsr.13258 

Gustafsson, P. E., Gustafsson, P. A., Ivarsson, T., & Nelson, N. (2008). Diurnal cortisol levels 

and cortisol response in youths with obsessive-compulsive disorder. Neuropsychobiology, 

57(1–2), 14–21. https://doi.org/10.1159/000123117 

Hallion, L. S., Ruscio, A. M., & Jha, A. P. (2014). Fractionating the role of executive control in 

control over worry: A preliminary investigation. Behaviour Research and Therapy, 54(1), 

1–6. https://doi.org/10.1016/j.brat.2013.12.002 

Harvey, A. G. (2008). Insomnia, psychiatric disorders, and the transdiagnostic perspective. 

Current Directions in Psychological Science, 17(5), 299–303. 

https://doi.org/10.1111/j.1467-8721.2008.00594.x 

Harvey, A. G., Murray, G., Chandler, R. A., & Soehner, A. (2011). Sleep disturbance as 

transdiagnostic: Consideration of neurobiological mechanisms. Clinical Psychology Review, 

31(2), 225–235. https://doi.org/10.1016/j.cpr.2010.04.003 



 102 

Hellberg, S. N., Buchholz, J. L., & Abramowitz, J. S. (2019). Insomnia and obsessive-

compulsive symptom dimensions: The mediating role of anxiety and depression. Journal of 

Obsessive-Compulsive and Related Disorders, 23(September), 100482. 

https://doi.org/10.1016/j.jocrd.2019.100482 

Hendrawan, D., Yamakawa, K., Kimura, M., Murakami, H., & Ohira, H. (2012). Executive 

functioning performance predicts subjective and physiological acute stress reactivity: 

Preliminary results. International Journal of Psychophysiology, 84(3), 277–283. 

https://doi.org/10.1016/j.ijpsycho.2012.03.006 

Ho, F. Y. Y., Chan, C. S., & Tang, K. N. S. (2016). Cognitive-behavioral therapy for sleep 

disturbances in treating posttraumatic stress disorder symptoms: A meta-analysis of 

randomized controlled trials. Clinical Psychology Review, 43, 90–102. 

https://doi.org/10.1016/j.cpr.2015.09.005 

Horne, J. A., & Harrison, Y. (2000). The impact of sleep deprivation on decision making: a 

review. Journal of Experimental Psychology. Applied, 6(3), 236–249. 

https://doi.org/10.1037//1076-898x.6.3.236 

Insel, T. R., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., Sanislow, C., & 

Wang, P. (2010). Research Domain Criteria (RDoC): Toward a new classification 

framework for research on mental disorders. American Journal of Psychiatry, 167(7), 748–

751. https://doi.org/10.1176/appi.ajp.2010.09091379 

Insel, T. R., Gillin, J. C., Moore, A., Mendelson, W. B., Loewenstein, R. J., & Murphy, D. L. 

(1982). The sleep of patients with obsessive-compulsive disorder. Archives of General 

Psychiatry, 39(12), 1372–1377. https://doi.org/10.1001/archpsyc.1982.04290120008002 

Irwin, M. R., Olmstead, R., Carrillo, C., Sadeghi, N., FitzGerald, J. D., Ranganath, V. K., & 



 103 

Nicassio, P. M. (2012). Sleep loss exacerbates fatigue, depression, and pain in rheumatoid 

arthritis. Sleep, 35(4), 537–543. https://doi.org/10.5665/sleep.1742 

Ivarsson, T., & Skarphedinsson, G. (2019). Sleep problems and cognitive behavior therapy in 

pediatric obsessive-compulsive disorder have bidirectional effects. Journal of Anxiety 

Disorders, 30(2015), 28–33. https://doi.org/10.1016/j.janxdis.2014.12.009 

Jones, B. E. (2011). Neurobiology of waking and sleeping. Handbook of Clinical Neurology, 98, 

131–149. https://doi.org/10.1016/B978-0-444-52006-7.00009-5 

Kalanthroff, E., Teichert, T., Wheaton, M. G., Kimeldorf, M. B., Linkovski, O., Ahmari, S. E., 

Fyer, A. J., Schneier, F. R., Anholt, G. E., & Simpson, H. B. (2017). The role of response 

inhibition in medicated and unmedicated obsessive-compulsive disorder patients: Evidence 

from the stop-signal task. Depression and Anxiety, 34(3), 301–306. 

https://doi.org/10.1002/da.22492 

Kallen, V. L., Tulen, J. H. M., Utens, E. M. W. J., Treffers, P. D. A., De Jong, F. H., & 

Ferdinand, R. F. (2008). Associations between HPA axis functioning and level of anxiety in 

children and adolescents with an anxiety disorder. Depression and Anxiety, 25(2), 131–141. 

https://doi.org/10.1002/da.20287 

Kalmbach, D. A., Arnedt, J. T., Swanson, L. M., Rapier, J. L., & Ciesla, J. A. (2017). Reciprocal 

dynamics between self-rated sleep and symptoms of depression and anxiety in young adult 

women: a 14-day diary study. Sleep Medicine, 33, 6–12. 

https://doi.org/10.1016/j.sleep.2016.03.014 

Kalmbach, D. A., Cheng, P., Arnedt, J. T., Anderson, J. R., Roth, T., Fellman-Couture, C., 

Williams, R. A., & Drake, C. L. (2019). Treating insomnia improves depression, 

maladaptive thinking, and hyperarousal in postmenopausal women: comparing cognitive-



 104 

behavioral therapy for insomnia (CBTI), sleep restriction therapy, and sleep hygiene 

education. Sleep Medicine, 55, 124–134. https://doi.org/10.1016/j.sleep.2018.11.019 

Kang, D. H., Jang, J. H., Han, J. Y., Kim, J. H., Jung, W. H., Choi, J. S., Choi, C. H., & Kwon, J. 

S. (2013). Neural correlates of altered response inhibition and dysfunctional connectivity at 

rest in obsessive-compulsive disorder. Progress in Neuro-Psychopharmacology and 

Biological Psychiatry, 40(1), 340–346. https://doi.org/10.1016/j.pnpbp.2012.11.001 

Kani, A. S., Poyraz, C. A., Cağrı Poyraz, B., Reha Bayar, M., Akin, E., & Kose, S. (2018). The 

role of affective temperaments and chronotype in pharmacotherapy response in patients 

with obsessive-compulsive disorder. Psychiatry and Clinical Psychopharmacology, 28(1), 

58–65. https://doi.org/10.1080/24750573.2017.1391157 

Kaplan, K. A., Hirshman, J., Hernandez, B., Stefanick, M. L., Hoffman, A. R., Redline, S., 

Ancoli-Israel, S., Stone, K., Friedman, L., & Zeitzer, J. M. (2017). When a gold standard 

isn’t so golden: Lack of prediction of subjective sleep quality from sleep polysomnography. 

Biological Psychology, 123, 37–46. https://doi.org/10.1016/j.biopsycho.2016.11.010 

Kawano, A., Tanaka, Y., Ishitobi, Y., Maruyama, Y., Ando, T., Inoue, A., Okamoto, S., 

Imanaga, J., Kanehisa, M., Higuma, H., Ninomiya, T., Tsuru, J., & Akiyoshi, J. (2013). 

Salivary alpha-amylase and cortisol responsiveness following electrical stimulation stress in 

obsessive-compulsive disorder patients. Psychiatry Research, 209(1), 85–90. 

https://doi.org/10.1016/j.psychres.2012.11.010 

Kerkhof, G. A., & Van Dongen, H. P. A. (1996). Morning-type and evening-type individuals 

differ in the phase position of their endogenous circadian oscillator. Neuroscience Letters, 

218, 153–156. 10.1016/s0304-3940(96)13140-2 

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005). 



 105 

LIfetime prevalence and age-of-onset distributions of dsm-iv disorders in the national 

comorbidity survey replication. Archives of General Psychiatry, 62(June). 

https://doi.org/10.1001/archpsyc.62.6.593 

Kessler, R. C., Chiu, W. T., Demler, O., & Walters, E. E. (2005). Prevalence, severity, and 

comorbidity of 12-month DSM-IV disorders in the National Comorbidity Survey 

Replication. Archives of General Psychiatry, 62(7), 709. 

https://doi.org/10.1001/archpsyc.62.7.709 

Kluge, M., Schüssler, P., Künzel, H. E., Dresler, M., Yassouridis, A., & Steiger, A. (2007). 

Increased nocturnal secretion of ACTH and cortisol in obsessive compulsive disorder. 

Journal of Psychiatric Research, 41(11), 928–933. 

https://doi.org/10.1016/j.jpsychires.2006.08.005 

Kudielka, B. M., Bellingrath, S., & Hellhammer, D. H. (2007). Further support for higher 

salivary cortisol levels in “morning” compared to “evening” persons. Journal of 

Psychosomatic Research, 62(5), 595–596. https://doi.org/10.1016/j.jpsychores.2007.03.016 

Kudielka, B. M., Federenko, I. S., Hellhammer, D. H., & Wüst, S. (2006). Morningness and 

eveningness: The free cortisol rise after awakening in “early birds” and “night owls.” 

Biological Psychology, 72(2), 141–146. https://doi.org/10.1016/j.biopsycho.2005.08.003 

Kuula, L., Pesonen, A. K., Heinonen, K., Kajantie, E., Eriksson, J. G., Andersson, S., Lano, A., 

Lahti, J., Wolke, D., & Räikkönen, K. (2018). Naturally occurring circadian rhythm and 

sleep duration are related to executive functions in early adulthood. Journal of Sleep 

Research, 27(1), 113–119. https://doi.org/10.1111/jsr.12581 

Lee, S., Crain, T. L., McHale, S. M., Almeida, D. M., & Buxton, O. M. (2017). Daily 

antecedents and consequences of nightly sleep. Journal of Sleep Research, 26(4), 498–509. 



 106 

https://doi.org/10.1111/jsr.12488 

Lemoine, P., Zawieja, P., & Ohayon, M. M. (2013). Associations between 

morningness/eveningness and psychopathology: An epidemiological survey in three in-

patient psychiatric clinics. Journal of Psychiatric Research, 47(8), 1095–1098. 

https://doi.org/10.1016/j.jpsychires.2013.04.001 

Lo, J. C., Ong, J. L., Leong, R. L. F., Gooley, J. J., & Chee, M. W. L. (2016). Cognitive 

performance, sleepiness, and mood in partially sleep deprived adolescents: The need for 

sleep study. Sleep, 39(3), 687–698. https://doi.org/10.5665/sleep.5552 

Lockley, S. W., Skene, D. J., & Arendt, J. (1999). Comparison between subjective and 

actigraphic measurement of sleep and sleep rhythms. Journal of Sleep Research, 8(3), 175–

183. https://doi.org/10.1046/j.1365-2869.1999.00155.x 

Logan, G. D. (1994). On the Ability to Inhibit Thought and Action: A User’s Guide to the Stop 

Signal Paradigm. 

Logan, R. W., & McClung, C. A. (2019). Rhythms of life: Circadian disruption and brain 

disorders across the lifespan. Nature Reviews Neuroscience, 20(1), 49–65. 

https://doi.org/10.1038/s41583-018-0088-y 

Lord, C., Hall, G., Soares, C. N., & Steiner, M. (2011). Physiological stress response in 

postpartum women with obsessive-compulsive disorder: A pilot study. 

Psychoneuroendocrinology, 36(1), 133–138. 

https://doi.org/10.1016/j.psyneuen.2010.04.014 

Lord, C., Steiner, M., Soares, C. N., Carew, C. L., & Hall, G. B. (2012). Stress response in 

postpartum women with and without obsessive-compulsive symptoms: An fmri study. 

Journal of Psychiatry and Neuroscience, 37(2), 78–86. https://doi.org/10.1503/jpn.110005 



 107 

Ma, N., Dinges, D. F., Basner, M., & Rao, H. (2015). How acute total sleep loss affects the 

attending brain: A meta-analysis of neuroimaging studies. Sleep, 38(2), 233–240. 

Macatee, R. J., Capron, D. W., Schmidt, N. B., & Cougle, J. R. (2013). An examination of low 

distress tolerance and life stressors as factors underlying obsessions. Journal of Psychiatric 

Research, 47(10), 1462–1468. https://doi.org/10.1016/j.jpsychires.2013.06.019 

Marino, M., Li, Y., Rueschman, M. N., Winkelman, J. W., Ellenbogen, J. M., Solet, J. M., Dulin, 

H., Berkman, L. F., & Buxton, O. M. (2013). Measuring sleep: Accuracy, sensitivity, and 

specificity of wrist actigraphy compared to polysomnography. Sleep, 36(11), 1747–1755. 

https://doi.org/10.5665/sleep.3142 

Martin, J. S., Hébert, M., Ledoux, E., Gaudreault, M., & Laberge, L. (2012). Relationship of 

chronotype to sleep, Light exposure, and work-related fatigue in student workers. 

Chronobiology International, 29(3), 295–304. 

https://doi.org/10.3109/07420528.2011.653656 

Massar, S. A. A., Liu, J. C. J., Mohammad, N. B., & Chee, M. W. L. (2017). Poor habitual sleep 

efficiency is associated with increased cardiovascular and cortisol stress reactivity in men. 

Psychoneuroendocrinology, 81(March), 151–156. 

https://doi.org/10.1016/j.psyneuen.2017.04.013 

Mauss, I. B., Troy, A. S., & LeBourgeois, M. K. (2013). Poorer sleep quality is associated with 

lower emotion-regulation ability in a laboratory paradigm. Cognition and Emotion, 27(3), 

567–576. https://doi.org/10.1080/02699931.2012.727783 

McCarley, R. W., & Hobson, J. A. (1975). Neuronal excitability modulation over the sleep cycle: 

A structural and mathematical model. Science, 189(4196), 58–60. 

McClung, C. A. (2013). How might circadian rhythms control mood? Let me count the ways... 



 108 

Biological Psychiatry, 74(4), 242–249. https://doi.org/10.1016/j.biopsych.2013.02.019 

McEwen, B. S., & Karatsoreos, I. N. (2015). Sleep deprivation and circadian disruption: Stress, 

allostasis, and allostatic Load. Sleep Medicine Clinics, 10, 1–10. 

https://doi.org/10.1016/j.jsmc.2014.11.007 

McGowan, N. M., Uzoni, A., Faltraco, F., Thome, J., & Coogan, A. N. (2020). The impact of 

social jetlag and chronotype on attention, inhibition and decision making in healthy adults. 

Journal of Sleep Research, September 2019, 1–10. https://doi.org/10.1111/jsr.12974 

McLaughlin, N. C. R., Kirschner, J., Foster, H., O’Connell, C., Rasmussen, S. A., & Greenberg, 

B. D. (2016). Stop signal reaction time deficits in a lifetime obsessive-compulsive disorder 

sample. Journal of the International Neuropsychological Society, 22(07), 785–789. 

https://doi.org/10.1017/s1355617716000540 

Merikanto, I., Kronholm, E., Peltonen, M., Laatikainen, T., Lahti, T., & Partonen, T. (2012). 

Relation of chronotype to sleep complaints in the general finnish population. Chronobiology 

International, 29(3), 311–317. https://doi.org/10.3109/07420528.2012.655870 

Merikanto, I., & Partonen, T. (2021). Eveningness increases risks for depressive and anxiety 

symptoms and hospital treatments mediated by insufficient sleep in a population‐based 

study of 18,039 adults. Depression and Anxiety. https://doi.org/10.1002/da.23189 

Micic, G., Lovato, N., Gradisar, M., Ferguson, S. A., Burgess, H. J., & Lack, L. C. (2016). The 

etiology of delayed sleep phase disorder. Sleep Medicine Reviews, 27, 29–38. 

https://doi.org/10.1016/j.smrv.2015.06.004 

Minkel, J. D., Banks, S., Moreta, M. C., Jones, C. W., Simpson, N. S., & Dinges, D. F. (2014). 

Sleep deprivation and stressors: Evidence from elevated negative affect in response to mild 

stressors when sleep deprived. Emotion, 12(5), 1015–1020. 



 109 

https://doi.org/10.1037/a0026871.Sleep 

Minkel, J. D., Moreta, M., Muto, J., Htaik, O., Jones, C., Basner, M., & Dinges, D. (2014). Sleep 

deprivation potentiates HPA axis stress reactivity in healthy adults. Health Psychology, 

33(11), 1430–1434. 

Mistlberger, R. E., & Skene, D. J. (2005). Nonphotic entrainment in humans? Journal of 

Biological Rhythms, 20(4), 339–352. https://doi.org/10.1177/0748730405277982 

Monteleone, P., Catapano, F., Tortorella, A., Di Martino, S., & Maj, M. (1995). Plasma 

melatonin and cortisol circadian patterns in patients with obsessive-compulsive disorder 

before and after fluoxetine treatment. Psychoneuroendocrinology, 20(7), 763–770. 

https://doi.org/10.1016/0306-4530(95)00013-5 

Morris, M. C., Compas, B. E., & Garber, J. (2012). Relations among posttraumatic stress 

disorder, comorbid major depression, and HPA function: A systematic review and meta-

analysis. Clinical Psychology Review, 32(4), 301–315. 

https://doi.org/10.1016/j.cpr.2012.02.002 

Mrug, S., Tyson, A., Turan, B., & Granger, D. A. (2016). Sleep problems predict cortisol 

reactivity to stress in urban adolescents. Physiology and Behavior, 155, 95–101. 

https://doi.org/10.1016/j.physbeh.2015.12.003 

Naismith, S. L., Hermens, D. F., Ip, T. K. C., Bolitho, S., Scott, E., Rogers, N. L., & Hickie, I. B. 

(2012). Circadian profiles in young people during the early stages of affective disorder. 

Translational Psychiatry, 2(December 2011). https://doi.org/10.1038/tp.2012.47 

Nota, J. A., & Coles, M. E. (2015). Duration and timing of sleep are associated with repetitive 

negative thinking. Cognitive Therapy and Research, 39(2), 253–261. 

https://doi.org/10.1007/s10608-014-9651-7 



 110 

Nota, J. A., & Coles, M. E. (2018). Shorter sleep duration and longer sleep onset latency are 

related to difficulty disengaging attention from negative emotional images in individuals 

with elevated transdiagnostic repetitive negative thinking. Journal of Behavior Therapy and 

Experimental Psychiatry, 58(March 2017), 114–122. 

https://doi.org/10.1016/j.jbtep.2017.10.003 

Nota, J. A., Gibb, B. E., & Coles, M. E. (2014). Obsessions and time of day. Journal of 

Cognitive Psychotherapy, 28(2), 134–144. 

Nota, J. A., Potluri, S., Kelley, K. N., Elias, J. A., & Krompinger, J. W. (2020). Delayed 

bedtimes are associated with more severe obsessive-compulsive symptoms in intensive 

residential treatment. Behavior Therapy, xxxx. https://doi.org/10.1016/j.beth.2019.12.006 

Nota, J. A., Sharkey, K. M., & Coles, M. E. (2015). Sleep, arousal, and circadian rhythms in 

adults with obsessive-compulsive disorder: A meta-analysis. Neuroscience and 

Biobehavioral Reviews, 51, 100–107. https://doi.org/10.1016/j.neubiorev.2015.01.002 

Obeysekare, J. L., Cohen, Z. L., Coles, M. E., Pearlstein, T. B., Monzon, C., Flynn, E. E., & 

Sharkey, K. M. (2020). Delayed sleep timing and circadian rhythms in pregnancy and 

transdiagnostic symptoms associated with postpartum depression. Translational Psychiatry, 

4–11. https://doi.org/10.1038/s41398-020-0683-3 

Okun, M. L., Mancuso, R. A., Hobel, C. J., Schetter, C. D., & Coussons-Read, M. (2018). Poor 

sleep quality increases symptoms of depression and anxiety in postpartum women. Journal 

of Behavioral Medicine, 41(5), 703–710. https://doi.org/10.1007/s10865-018-9950-7 

Omisade, A., Buxton, O. M., & Rusak, B. (2010). Impact of acute sleep restriction on cortisol 

and leptin levels in young women. Physiology and Behavior, 99(5), 651–656. 

https://doi.org/10.1016/j.physbeh.2010.01.028 



 111 

Osnes, R. S., Eberhard-Gran, M., Follestad, T., Kallestad, H., Morken, G., & Roaldset, J. O. 

(2020). Mid-pregnancy insomnia is associated with concurrent and postpartum maternal 

anxiety and obsessive-compulsive symptoms: A prospective cohort study. Journal of 

Affective Disorders, 266(December 2019), 319–326. 

https://doi.org/10.1016/j.jad.2020.01.140 

Osnes, R. S., Roaldset, J. O., Follestad, T., & Eberhard-Gran, M. (2019). Insomnia late in 

pregnancy is associated with perinatal anxiety: A longitudinal cohort study. Journal of 

Affective Disorders, 248(October 2018), 155–165. https://doi.org/10.1016/j.jad.2019.01.027 

Palagini, L., Moretto, U., Dell’Osso, L., & Carney, C. (2017). Sleep-related cognitive processes, 

arousal, and emotion dysregulation in insomnia disorder: the role of insomnia-specific 

rumination. Sleep Medicine, 30, 97–104. https://doi.org/10.1016/j.sleep.2016.11.004 

Paquet, J., Kawinska, A., & Carrier, J. (2007). Wake detection capacity of actigraphy during 

sleep. Sleep, 30(10), 1362–1369. 

Pauls, D. L., Abramovitch, A., Rauch, S. L., & Geller, D. A. (2014). Obsessive-compulsive 

disorder: An integrative genetic and neurobiological perspective. Nature Reviews 

Neuroscience, 15(6), 410–424. https://doi.org/10.1038/nrn3746 

Peer, J. M. Van, Gladwin, T. E., & Nieuwenhuys, A. (2019). Effects of threat and sleep 

deprivation on action tendencies and response inhibition. Emotion, 19(8), 1425–1436. 

https://doi.org/10.1037/emo0000533.supp 

Penadés, R., Catalán, R., Rubia, K., Andrés, S., Salamero, M., & Gastó, C. (2007). Impaired 

response inhibition in obsessive compulsive disorder. European Psychiatry, 22(6), 404–

410. https://doi.org/10.1016/j.eurpsy.2006.05.001 

Petrowski, K., Schmalbach, B., & Stalder, T. (2020). Morning and evening type: The cortisol 



 112 

awakening response in a sleep laboratory. Psychoneuroendocrinology, 112(November 

2019), 104519. https://doi.org/10.1016/j.psyneuen.2019.104519 

Petrowski, K., Wintermann, G. B., Schaarschmidt, M., Bornstein, S. R., & Kirschbaum, C. 

(2013). Blunted salivary and plasma cortisol response in patients with panic disorder under 

psychosocial stress. International Journal of Psychophysiology, 88(1), 35–39. 

https://doi.org/10.1016/j.ijpsycho.2013.01.002 

Pigeon, W. R., Pinquart, M., & Conner, K. (2012). Meta-analysis of sleep disturbance and 

suicidal thoughts and behaviors. Journal of Clinical Psychiatry, 73(9), 1160–1167. 

https://doi.org/10.4088/JCP.11r07586 

Pires, G. N., Bezerra, A. G., Tufik, S., & Andersen, M. L. (2016). Effects of acute sleep 

deprivation on state anxiety levels: a systematic review and meta-analysis. Sleep Medicine, 

24, 109–118. https://doi.org/10.1016/j.sleep.2016.07.019 

Pruessner, J. C., Wolf, O. T., Hellhammer, D. H., Buske-Kirschbaum, A., Von Auer, K., Jobst, 

S., Kaspers, F., & Kirschbaum, C. (1997). Free cortisol levels after awakening: A reliable 

biological marker for the assessment of adrenocortical activity. Life Sciences, 61(26), 2539–

2549. https://doi.org/10.1016/S0024-3205(97)01008-4 

Raines, A. M., Short, N. A., Sutton, C. A., Oglesby, M. E., Allan, N. P., & Schmidt, N. B. 

(2015). Obsessive-compulsive symptom dimensions and insomnia: The mediating role of 

anxiety sensitivity cognitive concerns. Psychiatry Research, 228(3), 368–372. 

https://doi.org/10.1016/j.psychres.2015.05.081 

Ramsawh, H. J., Stein, M. B., Belik, S. L., Jacobi, F., & Sareen, J. (2009). Relationship of 

anxiety disorders, sleep quality, and functional impairment in a community sample. Journal 

of Psychiatric Research, 43(10), 926–933. https://doi.org/10.1016/j.jpsychires.2009.01.009 



 113 

Rapoport, J., Elkins, R., Langer, D. H., Sceery, W., Buchsbaum, M. S., Gillin, J. C., Murphy, D. 

L., Zahn, T. P., Lake, R., Ludlow, C., & Mendelson, W. (1981). Childhood obsessive-

compulsive disorder. American Journal of Geriatric Psychiatry, 138(12), 1545–1554. 

Real, E., Labad, J., Alonso, P., Segalàs, C., Jiménez-Murcia, S., Bueno, B., Subirà, M., Vallejo, 

J., & Menchón, J. M. (2011). Stressful life events at onset of obsessive-compulsive disorder 

are associated with a distinct clinical pattern. Depression and Anxiety, 28(5), 367–376. 

https://doi.org/10.1002/da.20792 

Reddy, R., Palmer, C. A., Jackson, C., Farris, S. G., & Alfano, C. A. (2017). Impact of sleep 

restriction versus idealized sleep on emotional experience, reactivity and regulation in 

healthy adolescents. Journal of Sleep Research, 26(4), 516–525. 

https://doi.org/10.1111/jsr.12484 

Reid, K. J., Jaksa, A. A., Eisengart, J. B., Baron, K. G., Lu, B., Kane, P., Kang, J., & Zee, P. C. 

(2012). Systematic evaluation of Axis-I DSM diagnoses in delayed sleep phase disorder and 

evening-type circadian preference. Sleep Medicine, 13, 1171–1177. 

https://doi.org/10.1016/j.sleep.2012.06.024 

Ricketts, E. J., Burgess, H. J., Montalbano, G. E., Coles, M. E., McGuire, J. F., Thamrin, H., 

McMakin, D. L., McCracken, J. T., Carskadon, M. A., Piacentini, J., & Colwell, C. S. 

(2021). Morning light therapy in adults with Tourette’s disorder. Journal of Neurology, 

0123456789. https://doi.org/10.1007/s00415-021-10645-z 

Robillard, R., Hermens, D. F., Naismith, S. L., White, D., Rogers, N. L., Ip, T., Mullin, S. J., 

Alvares, G. A., Guastella, A. J., Smith, K. L., Rong, Y., Whitwell, B., Southan, J., Glozier, 

N., Scott, E. M., & Hickie, I. B. (2015). Ambulatory sleep-wake patterns and variability in 

young people with emerging mental disorders. Journal of Psychiatry and Neuroscience, 



 114 

40(1), 28–37. https://doi.org/10.1503/jpn.130247 

Roenneberg, T., & Merrow, M. (2016). The circadian clock and human health. Current Biology, 

26(10), R432–R443. https://doi.org/10.1016/j.cub.2016.04.011 

Roeser, K., Obergfell, F., Meule, A., Vögele, C., Schlarb, A. A., & Kübler, A. (2012). Of larks 

and hearts - morningness/eveningness, heart rate variability and cardiovascular stress 

response at different times of day. Physiology and Behavior, 106(2), 151–157. 

https://doi.org/10.1016/j.physbeh.2012.01.023 

Rosso, G., Albert, U., Asinari, G. F., Bogetto, F., & Maina, G. (2012). Stressful life events and 

obsessive-compulsive disorder: Clinical features and symptom dimensions. Psychiatry 

Research, 197(3), 259–264. https://doi.org/10.1016/j.psychres.2011.10.005 

Rupp, T. L., Wesensten, N. J., Bliese, P. D., & Balkin, T. J. (2009). Banking sleep: Realization 

of benefits during subsequent sleep restriction and recovery. Sleep, 32(3), 311–321. 

https://doi.org/10.1093/sleep/32.3.311 

Ruscio, A. M., Stein, D. J., Chiu, W. T., & Kessler, R. C. (2010). The epidemiology of 

obsessive-compulsive disorder in the National Comorbidity Survey Replication. Molecular 

Psychiatry, 15(1), 53–63. https://doi.org/10.1038/mp.2008.94 

Sadeh, A., Dan, O., & Bar-Haim, Y. (2011). Online assessment of sustained attention following 

sleep restriction. Sleep Medicine, 12(3), 257–261. 

https://doi.org/10.1016/j.sleep.2010.02.001 

Sadeh, A., Sharkey, K. M., & Carskadon, M. A. (1994). Activity-based sleep-wake 

identification: An empirical test of methodological issues. Sleep, 17(3), 201–207. 

10.1093/sleep/17.3.201 

Saper, C. B., Chou, T. C., & Scammell, T. E. (2001). The sleep switch: Hypothalamic control of 



 115 

sleep and wakefulness. Trends in Neurosciences, 24(12), 726–731. 

https://doi.org/10.1016/S0166-2236(00)02002-6 

Saper, C. B., Fuller, P. M., Pedersen, N. P., Lu, J., & Scammell, T. E. (2011). Sleep state 

switching. Neuron, 68(6), 1023–1042. https://doi.org/10.1016/j.neuron.2010.11.032.Sleep 

Schubert, J. R., Stewart, E., & Coles, M. E. (2019). Later bedtimes predict prospective increases 

in symptom severity in individuals with obsessive compulsive disorder (OCD): An initial 

study. Behavioral Sleep Medicine, 2002(May). 

https://doi.org/10.1080/15402002.2019.1615490 

Schwartz, J. R. L., & Roth, T. (2008). Neurophysiology of sleep and wakefulness: Basic science 

and clinical implications. Current Neuropharmacology, 6, 367–378. 

Sears, R. M., Fink, A. E., Wigestrand, M. B., Farb, C. R., De Lecea, L., & LeDoux, J. E. (2013). 

Orexin/hypocretin system modulates amygdala-dependent threat learning through the locus 

coeruleus. Proceedings of the National Academy of Sciences of the United States of 

America, 110(50), 20260–20265. https://doi.org/10.1073/pnas.1320325110 

Sevilla-Cermeño, L., Andrén, P., Hillborg, M., Silverberg-Morse, M., Mataix-Cols, D., & 

Fernández de la Cruz, L. (2019). Insomnia in pediatric obsessive–compulsive disorder: 

prevalence and association with multimodal treatment outcomes in a naturalistic clinical 

setting. Sleep Medicine, 56, 104–110. https://doi.org/10.1016/j.sleep.2018.12.024 

Sevilla-Cermeño, L., Isomura, K., Larsson, H., Åkerstedt, T., Vilaplana-Pérez, A., Lahera, G., 

Mataix-Cols, D., & Fernández de la Cruz, L. (2020). Insomnia in obsessive-compulsive 

disorder: A Swedish population-based cohort study. Journal of Affective Disorders, 

266(December 2019), 413–416. https://doi.org/10.1016/j.jad.2020.01.122 

Short, N. A., Allan, N. P., & Schmidt, N. B. (2017). Sleep disturbance as a predictor of affective 



 116 

functioning and symptom severity among individuals with PTSD: An ecological momentary 

assessment study. Behaviour Research and Therapy, 97, 146–153. 

https://doi.org/10.1016/j.brat.2017.07.014 

Siegel, J. (2004). Brain mechanisms that control sleep and waking. Naturwissenschaften, 91(8), 

355–365. https://doi.org/10.1007/s00114-004-0541-9 

Simpson, N. S., Diolombi, M., Scott-Sutherland, J., Yang, H., Bhatt, V., Gautam, S., Mullington, 

J. M., & Haack, M. (2016). Repeating patterns of sleep restriction and recovery: Do we get 

used to it? Brain, Behavior, and Immunity, 58, 142–151. 

https://doi.org/10.1016/j.bbi.2016.06.001 

Sivertsen, B., Pallesen, S., Stormark, K. M., Bøe, T., Lundervold, A. J., & Hysing, M. (2013). 

Delayed sleep phase syndrome in adolescents: Prevalence and correlates in a large 

population based study. BMC Public Health, 13(1). https://doi.org/10.1186/1471-2458-13-

1163 

Snyder, H. R., Kaiser, R. H., Warren, S. L., & Heller, W. (2015). Obsessive-compulsive disorder 

is associated with broad impairments in executive function: A meta-analysis. Clinical 

Psychological Science, 3(2), 301–330. https://doi.org/10.1177/2167702614534210 

Speisman, B. B., Storch, E. A., & Abramowitz, J. S. (2011). Postpartum obsessive-compulsive 

disorder. Journal of Obstetric, Gynecologic, and Neonatal Nursing, 40(6), 680–690. 

https://doi.org/10.1111/j.1552-6909.2011.01294.x 

Suh, S., Yang, H. C., Kim, N., Yu, J. H., Choi, S., Yun, C. H., & Shin, C. (2017). Chronotype 

differences in health behaviors and health-related quality of life: A population-based study 

among aged and older adults. Behavioral Sleep Medicine, 15(5), 361–376. 

https://doi.org/10.1080/15402002.2016.1141768 



 117 

Sullivan, G. M., Coplan, J. D., Kent, J. M., & Gorman, J. M. (1999). The noradrenergic system 

in pathological anxiety: A focus on panic with relevance to generalized anxiety and phobias. 

Biological Psychiatry, 46(9), 1205–1218. https://doi.org/10.1016/S0006-3223(99)00246-2 

Swanson, L. M., Pickett, S. M., Flynn, H., & Armitage, R. (2011). Relationships among 

depression, anxiety, and insomnia symptoms in perinatal women seeking mental health 

treatment. Journal of Women’s Health, 20(4), 553–558. 

https://doi.org/10.1089/jwh.2010.2371 

Talbot, L. S., Mcglinchey, E. L., Kaplan, K. A., Dahl, R. E., & Harvey, A. G. (2010). Sleep 

deprivation in adolescents and adults: changes in affect. Emotion, 10(6), 831–841. 

https://doi.org/10.1037/a0020138 

Taylor, B. J., & Hasler, B. P. (2018). Chronotype and mental health: Recent advances. Current 

Psychiatry Reports, 20(8). https://doi.org/10.1007/s11920-018-0925-8 

Taylor, S. (2011). Early versus late onset obsessive-compulsive disorder: Evidence for distinct 

subtypes. Clinical Psychology Review, 31(7), 1083–1100. 

https://doi.org/10.1016/j.cpr.2011.06.007 

Taylor, S. E., Burklund, L. J., Eisenberger, N. I., Lehman, B. J., Hilmert, C. J., & Lieberman, M. 

D. (2008). Neural bases of moderation of cortisol stress responses by psychosocial 

resources. Journal of Personality and Social Psychology, 95(1), 197–211. 

https://doi.org/10.1037/0022-3514.95.1.197 

Thielsch, C., Ehring, T., Nestler, S., Wolters, J., Kopei, I., Rist, F., Gerlach, A. L., & Andor, T. 

(2015). Metacognitions, worry and sleep in everyday life: Studying bidirectional pathways 

using Ecological Momentary Assessment in GAD patients. Journal of Anxiety Disorders, 

33(2015), 53–61. https://doi.org/10.1016/j.janxdis.2015.04.007 



 118 

Timpano, K. R., Carbonella, J. Y., Bernert, R. A., & Schmidt, N. B. (2014). Obsessive 

compulsive symptoms and sleep difficulties: Exploring the unique relationship between 

insomnia and obsessions. Journal of Psychiatric Research, 57(1), 101–107. 

https://doi.org/10.1016/j.jpsychires.2014.06.021 

Turner, J., Drummond, L. M., Mukhopadhyay, S., Ghodse, H., White, S., Pillay, A., & Fineberg, 

N. A. (2007). A prospective study of delayed sleep phase syndrome in patients with severe 

resistant obsessive-compulsive disorder. World Psychiatry, 6(2), 108–111. 

Van der Maren, S., Moderie, C., Duclos, C., Paquet, J., Daneault, V., & Dumont, M. (2018). 

Daily profiles of light exposure and evening use of light-emitting devices in young adults 

complaining of a delayed sleep schedule. Journal of Biological Rhythms, 33(2), 192–202. 

https://doi.org/10.1177/0748730418757007 

Van Dongen, H. P. A., Baynard, M. D., Maislin, G., & Dinges, D. F. (2004). Systematic 

interindividual differences in neurobehavioral impairment from sleep loss: Evidence of 

trait-like differential vulnerability. Sleep, 27(3). https://doi.org/10.1093/sleep/27.3.423 

Verbruggen, F., & Logan, G. D. (2008). Response inhibition in the stop-signal paradigm. Trends 

in Cognitive Sciences, 12(11), 418–424. https://doi.org/10.1016/j.tics.2008.07.005 

Verweij, I. M., Romeijn, N., Smit, D. J. A., Piantoni, G., Someren, E. J. W. Van, & van der 

Werff, Y. D. (2014). Sleep deprivation leads to a loss of functional connectivity in frontal 

brain regions. BMC Neuroscience, 15, 88. https://doi.org/1471-2202/15/88 RESEARCH 

Voderholzer, U., Riemann, D., Huwig-Poppe, C., Kuelz, A. K., Kordon, A., Bruestle, K., Berger, 

M., & Hohagen, F. (2007). Sleep in obsessive compulsive disorder: Polysomnographic 

studies under baseline conditions and after experimentally induced serotonin deficiency. 

European Archives of Psychiatry and Clinical Neuroscience, 257(3), 173–182. 



 119 

https://doi.org/10.1007/s00406-006-0708-9 

Vreeburg, S. A., Hoogendijk, W. J. G., DeRijk, R. H., van Dyck, R., Smit, J. H., Zitman, F. G., 

& Penninx, B. W. J. H. (2013). Salivary cortisol levels and the 2-year course of depressive 

and anxiety disorders. Psychoneuroendocrinology, 38(9), 1494–1502. 

https://doi.org/10.1016/j.psyneuen.2012.12.017 

Vreeburg, S. A., Zitman, F. G., Van Pelt, J., Derijk, R. H., Verhagen, J. C. M., Van Dyck, R., 

Hoogendijk, W. J. G., Smit, J. H., & Penninx, B. W. J. H. (2010). Salivary cortisol levels in 

persons with and without different anxiety disorders. Psychosomatic Medicine, 72(4), 340–

347. https://doi.org/10.1097/PSY.0b013e3181d2f0c8 

Wahl, K., Ehring, T., Kley, H., Lieb, R., Meyer, A., Kordon, A., Heinzel, C. V., Mazanec, M., & 

Schönfeld, S. (2019). Is repetitive negative thinking a transdiagnostic process? A 

comparison of key processes of RNT in depression, generalized anxiety disorder, obsessive-

compulsive disorder, and community controls. Journal of Behavior Therapy and 

Experimental Psychiatry, 64(June 2018), 45–53. https://doi.org/10.1016/j.jbtep.2019.02.006 

Walsh, C. M., Blackwell, T., Tranah, G. J., Stone, K. L., Ancoli-Israel, S., Redline, S., Paudel, 

M., Kramer, J. H., & Yaffe, K. (2014). Weaker circadian activity rhythms are associated 

with poorer executive function in older women. Sleep, 37(12), 2009–2016. 

https://doi.org/10.5665/sleep.4260 

Wardle-Pinkston, S., Slavish, D. C., & Taylor, D. J. (2019). Insomnia and cognitive 

performance: A systematic review and meta-analysis. Sleep Medicine Reviews, 48, 101205. 

https://doi.org/10.1016/j.smrv.2019.07.008 

Whiting, W. L., & Murdock, K. K. (2016). Emerging adults’ sleep patterns and attentional 

capture: the pivotal role of consistency. Cognitive Processing, 17(2), 155–162. 



 120 

https://doi.org/10.1007/s10339-016-0754-9 

Whitmer, A. J., & Banich, M. T. (2007). Deficits in different forms of rumination. Psychological 

Science, 18(6), 546–553. 

Wiecki, T. V., & Frank, M. J. (2013). A computational model of inhibitory control in frontal 

cortex and basal ganglia. Psychological Review, 120(2), 329–355. 

https://doi.org/10.1037/a0031542 

Wilckens, K. A., Woo, S. G., Erickson, K. I., & Wheeler, M. E. (2014). Sleep continuity and 

total sleep time are associated with task-switching and preparation in young and older 

adults. Journal of Sleep Research, 23(5), 508–516. https://doi.org/10.1111/jsr.12148 

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T. (2006). Social jetlag: Misalignment of 

biological and social time. Chronobiology International, 23(1–2), 497–509. 

https://doi.org/10.1080/07420520500545979 

Wright, K. P., Drake, A. L., Frey, D. J., Fleshner, M., Desouza, C. A., Gronfier, C., & Czeisler, 

C. A. (2015). Influence of sleep deprivation and circadian misalignment on cortisol, 

inflammatory markers, and cytokine balance. Brain, Behavior, and Immunity, 47, 24–34. 

https://doi.org/10.1016/j.bbi.2015.01.004 

Wu, H., Zhao, Z., Stone, W. S., Huang, L., Zhuang, J., He, B., Zhang, P., & Li, Y. (2008). 

Effects of sleep restriction periods on serum cortisol levels in healthy men. Brain Research 

Bulletin, 77(5), 241–245. https://doi.org/10.1016/j.brainresbull.2008.07.013 

Wulff, K., Gatti, S., Wettstein, J. G., & Foster, R. G. (2010). Sleep and circadian rhythm 

disruption in psychiatric and neurodegenerative disease. Nature Reviews Neuroscience, 11, 

1–11. 

Zalta, A. K., Bravo, K., Valdespino-Hayden, Z., Pollack, M. H., & Burgess, H. J. (2019). A 



 121 

placebo-controlled pilot study of a wearable morning bright light treatment for probable 

PTSD. Depression and Anxiety, 36(7). https://doi.org/10.1002/da.22897 

Zhao, R., Zhang, X., Fei, N., Zhu, Y., Sun, J., Liu, P., Yang, X., & Qin, W. (2019). Decreased 

cortical and subcortical response to inhibition control after sleep deprivation. Brain Imaging 

and Behavior, 13(3), 638–650. https://doi.org/10.1007/s11682-018-9868-2 

Zhou, J., Hsiao, F. C., Shi, X., Yang, J., Huang, Y., Jiang, Y., Zhang, B., & Ma, N. (2021). 

Chronotype and depressive symptoms: A moderated mediation model of sleep quality and 

resilience in the 1st-year college students. Journal of Clinical Psychology, 77(1), 340–355. 

https://doi.org/10.1002/jclp.23037 

 

  

  


