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Sleep has been widely associated with negative mental health outcomes and has been considered a key 

feature of mood disorders, bipolar disorder in particular. Previous work has found that aspects of sleep 

health, such as perceived sleep quality and sleep-wake rhythms, may predict and be predicted by emotional 

impulsivity (i.e., urgency) to varying degrees, though few studies have explored this association on a daily 

level. What is yet to be explored is the bidirectional nature of these associations on a daily level, and the 

extent to which these associations may differ for those at higher risk for developing bipolar disorder. The 

present study examined the associations between urgency, sleep quality, and sleep-wake rhythms as they 

unfold in daily life and extended past work by exploring differential associations based on risk for bipolar 

disorder. It was hypothesized that worse sleep quality and greater sleep-wake rhythm irregularity would 

exhibit bidirectional associations with higher urgency on within-person and between-person levels, and that 

these associations would be stronger in participants at greater risk for developing bipolar disorder. The 

present study used data collected from a larger ecological momentary assessment (EMA) protocol in a 

community sample of young adults (n = 495). Participant self-reports on an initial baseline survey and 8 

weekends of surveys collected 5 times per day were used to test hypotheses. Multilevel models were used 

for confirmatory analyses and for additional exploratory analyses aiming to distinguish among aspects of 

sleep quality and whether these associations held specifically for groups that are disproportionately impacted 
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by sleep disturbances. Within- and between-person associations between sleep quality and urgency were 

supported in both directions, though only between-person associations were detected for the sleep-wake 

rhythm variables. The two variables measuring sleep-wake rhythm irregularity yielded inverse results, with 

higher sleep duration irregularity predicting higher urgency and higher sleep midpoint irregularity predicting 

lower urgency, contrary to hypotheses. These associations were not moderated by risk for bipolar disorder. 

Exploratory analyses revealed that specific types of sleep quality disturbance showed associations with 

urgency that mirrored urgency’s association with general sleep quality disturbance. There were some 

differences in sleep-urgency associations based on race, gender identity, and sexual orientation. Urgency 

may be more tightly tied to sleep quality than to sleep-wake rhythms on the daily level, and the inconsistent 

between-person associations with sleep-wake rhythms may warrant further investigation. Thus, improving 

sleep quality may be a more effective clinical target than regulating sleep-wake rhythms for some individuals. 

Finally, the comparatively stronger associations between sleep health and urgency that are seen in bipolar 

disorder may not emerge until after disorder onset, which has important implications for early intervention 

strategies as well as theories of the etiology of bipolar disorder. 
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Introduction 

The dynamic interplay between sleep and mental health outcomes, particularly among adolescents 

and young adults, has been an increasing topic of interest, as poor sleep health has been connected to 

outcomes such as substance use (Hasler & Pedersen, 2020; Hertenstein et al., 2019; Kwon et al., 2019; 

Yurasek et al., 2020), suicidality (Porras-Segovia et al., 2019), internalizing disorders such as depression 

and anxiety (Ben Simon et al., 2020; Hertenstein et al., 2019), emotion and broad emotion regulation 

processes (Goldstein & Walker, 2014; Gruber & Cassoff, 2014; Konjarski et al., 2018), risk taking behaviors 

(Meldrum & Restivo, 2014; Womack et al., 2013), and problematic internet and phone use (Onat et al., 2019; 

Zhu et al., 2021). Indeed, disruptions to sleep and sleep-wake and circadian rhythms have been proposed to 

be a critical component in the development and maintenance of mood disorders (Harvey, 2011; Palagini, 

Bastien, et al., 2019). Furthermore, sleep seems to be particularly important for health outcomes in 

adolescence and young adulthood (Bruce et al., 2017).  

Sleep and urgency 

An emerging area of study is how sleep health may relate to the similarly transdiagnostic risk factor 

of urgency, which is a facet of impulsivity defined as rash action in response to emotion (Whiteside & Lynam, 

2001). The importance of differentiating between types of impulsivity when exploring associations with 

negative mental health outcomes has been well-established (Berg et al., 2015; Strickland & Johnson, 2021), 

and this list of outcomes may also include sleep. For instance, while sleep duration has been a primary focus 

in previous literature exploring sleep and broad impulsivity (Anderson & Platten, 2011; Curtis et al., 2018; 

Demos et al., 2016; Drummond et al., 2006), among studies examining urgency specifically, there has been 

more robust support for associations with sleep quality (Galbiati et al., 2020; Grove et al., 2017; Nicholson et 

al., 2021; Pickett et al., 2016; Schmidt et al., 2008, 2010; Tashjian et al., 2017) and general sleep 

disturbance (Bauducco et al., 2019; Hom et al., 2016; Palagini, Cipollone, Masci, et al., 2019; Pickett et al., 

2016; Şandru & Voinescu, 2014; Schmidt et al., 2008, 2010; Schmidt & Van der Linden, 2009) compared to 

sleep duration (Barker et al., 2016; Freitag et al., 2017; Grove et al., 2017; Hasler et al., 2022; A. A. Miller & 

Rucas, 2012; M. B. Miller et al., 2017; Titone et al., 2022).  

The majority of the existing literature exploring the association between sleep and urgency is cross-

sectional. While there are some mixed findings regarding how urgency relates to sleep quality and general 

sleep disturbance, results are largely in support of a moderate to large effect size, with worse sleep quality 
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and greater general sleep disturbance being associated with higher urgency. Measurements of sleep health 

can be quite variable, and those that don’t fit clearly into categories of sleep duration, sleep quality, daytime 

impairment, and sleep-wake rhythms can be lumped together into a broad category of general sleep 

disturbance. This includes measures of insomnia symptoms, such as a combination of sleep quality, 

duration, and daytime impairment issues (Bauducco et al., 2019; Hom et al., 2016; Palagini, Cipollone, 

Masci, et al., 2019; Schmidt et al., 2008, 2010; Schmidt & Van der Linden, 2009); a count of sleep disorder 

diagnoses (A. A. Miller & Rucas, 2012); and other various items such as “How often does thinking too much 

keep you awake?” (Schmidt et al., 2010). Measurements of sleep quality have also varied across studies, 

though to a lesser extent, with measures ranging from well-known sleep measures such as the Pittsburg 

Sleep Quality Index (PSQI; (Buysse et al., 1998)) (Barker et al., 2016; Freitag et al., 2017; Galbiati et al., 

2020; Grove et al., 2017; Nicholson et al., 2021; Pickett et al., 2016), which includes items such as “During 

the past month, how would you rate your sleep quality overall?” and “How long (in minutes) has it taken you 

to fall asleep each night?”, to polysomnography (PSG) (Galbiati et al., 2020), which involves overnight 

monitoring of physiological measures such as heartrate and breathing in a lab. A small number of studies 

(Galbiati et al., 2020; Schmidt et al., 2008; Titone et al., 2022) have more explicitly divided sleep quality into 

specific types of sleep maintenance issues, such as sleep onset latency (SOL), waking after sleep onset 

(WASO), and early awakening (EA). Of these three types of sleep maintenance issues, it appears that SOL 

may be the most strongly related to urgency, with a moderate to large effect size (Galbiati et al., 2020; 

Schmidt et al., 2008), though there has also been support for associations with WASO and, to a lesser 

extent, EA (Schmidt et al., 2008). Timescales of measurement have also varied, with some studies asking 

participants to estimate sleep quality over the past month (Freitag et al., 2017; Galbiati et al., 2020; Grove et 

al., 2017; M. B. Miller et al., 2017; Nicholson et al., 2021; Pickett et al., 2016), for instance, and others 

measuring daily sleep quality through actigraphy for as long as two weeks (Tashjian et al., 2017). Despite 

this variation, results appear to be largely consistent regardless of measurement or other variation in study 

methodology (e.g., analytic strategy, sample characteristics). 

Associations between sleep and urgency may be a result of the negative impact that poor sleep 

health is thought to have on emotions, such as increased negative affect (Kahn et al., 2013; Konjarski et al., 

2018; Narmandakh et al., 2021) and decreased positive affect (Finan et al., 2015, 2017; Kahn et al., 2013; 

Konjarski et al., 2018; Pilcher et al., 2015), altered salience and reward networks (Ben Simon et al., 2020; 
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Kahn et al., 2013; Mullin et al., 2013), and disrupted connectivity between the amygdala and the medial 

prefrontal cortex (Ben Simon et al., 2020; Kahn et al., 2013), in addition to the negative impact on responses 

to emotions via cognitive control and emotion regulation disruptions (Gruber & Cassoff, 2014; Kahn et al., 

2013; Lowe et al., 2017; Palmer & Alfano, 2017), as both emotion and response to emotion are fundamental 

components of urgency. The sleep-urgency association could also run in the other direction, with urgency 

adversely impacting sleep. For instance, arousal resulting from intense emotion is thought to disrupt sleep 

quality (Kahn et al., 2013; Konjarski et al., 2018) as well as the transition to sleep (Saper et al., 2005), and 

people with worse self-regulation may have less effective sleep health behaviors such as delaying bedtimes 

(Kroese et al., 2016). While most of the sleep-urgency literature is cross-sectional, one recent review found 

that there is stronger support for bidirectionality than unidirectionality between sleep disturbances and 

various externalizing behaviors (Liu et al., 2022), and one longitudinal study found support for a bidirectional 

association between general sleep disturbance and urgency (Bauducco et al., 2019). In the longitudinal 

study, which took place over a two-year period, cross-sectional associations were stronger than longitudinal 

ones, suggesting that this association occurs on a more granular timescale.  

A small number of studies have provided opportunity for greater temporal granularity between sleep 

and urgency by using ecological momentary assessment (EMA). Both within- and between-person sleep 

quality were related to next-day urgency when sleep duration was not included as a covariate (A. L. 

McGowan et al., 2021). Other EMA studies have explored urgency’s association with measures that share 

construct overlap with sleep-wake rhythm regularity: within-person deviations in sleep duration and sleep 

midpoint. These studies did not support daily associations with urgency (Hasler et al., 2022; A. L. McGowan 

et al., 2021), though there were tentative between-person associations.  The strong theoretical basis behind 

associations between sleep quality, sleep-wake rhythms, and urgency, robust support for between-person 

associations, and limited number of studies examining daily dynamics make these associations worth further 

investigation on a daily level. 

Urgency, sleep, and bipolar disorder 

Both sleep health and emotional impulsivity are key features of bipolar disorder. While poor sleep 

health is common among psychiatric disorders (Dolsen et al., 2014), it is especially prominent in bipolar 

disorder, with one recent study finding that during euthymic periods, lower sleep efficiency and worse 

general sleep disturbance in particular differentiated people with bipolar disorder from those with unipolar 
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depression (Vieira et al., 2021). Sleep disturbances are a cardinal symptom of both mania and depression 

and are even a proposed underlying mechanism of the disorder as a whole (Caruso et al., 2021; Harvey, 

2011; Palagini, Bastien, et al., 2019). Compared to controls, individuals with bipolar disorder have 

demonstrated worse sleep quality, higher SOL and WASO, and greater irregularity in sleep-wake and social 

rhythms, which are disturbances that can also already been seen in individuals at high risk for developing 

bipolar disorder even prior to onset (Dondé et al., 2021; Geoffroy et al., 2015; Hensch et al., 2019; Melo et 

al., 2016; Ng et al., 2015; Scott et al., 2022).  

Just as poor sleep health is a core feature of bipolar disorder, high impulsivity is a key diagnostic 

criterion of mania, and urgency in particular has been shown to be related to risk for developing bipolar 

disorder (Giovanelli et al., 2013; Johnson, Carver, Mulé, et al., 2013). Moreover, previous work suggests 

associations between broad impulsivity and sleep features in individuals at risk for or with a diagnosis of 

bipolar disorder. In a sample of adults with a diagnosis of bipolar disorder, daily sleep quality was associated 

with broad impulsivity, with higher impulsivity predicting worse and more irregular sleep quality that night, 

though this effect was not found in the other direction (Patapoff et al., 2022). Daily associations between 

broad impulsivity and constructs overlapping with sleep-wake rhythms were more inconsistent in adults with 

diagnoses of or at risk for bipolar disorder (Kaufmann et al., 2016; Patapoff et al., 2022; Sperry & Kwapil, 

2022), but this association has have been more robustly supported on a between-person level in both 

populations (Gershon et al., 2019; Kaufmann et al., 2016; Patapoff et al., 2022; Sperry & Kwapil, 2022). 

Between-person associations between impulsivity and sleep quality and general sleep disturbance have also 

been found in individuals with bipolar disorder (Azzam et al., 2019; Patapoff et al., 2022; Russo et al., 2015). 

Thus, in the context of bipolar disorder, there is support for both within- and between-person associations 

between sleep quality and general impulsivity, but limited support for within-person associations with sleep-

wake rhythms in these populations despite support for between-person associations. However, there are few 

EMA studies examining these associations, and sample sizes have been small (under 60 participants) for the 

majority of these studies, so further exploration is needed. 

There is reason to suspect that associations between sleep and urgency may be stronger for those 

at higher risk for developing bipolar disorder in comparison to those who are at lower risk. For example, one 

study looked specifically at how degree of risk for developing bipolar disorder might relate to daily sleep-

impulsivity associations in a sample of high-risk young adults and found that sleep duration and broad 
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impulsivity were more strongly associated in those with higher risk, with higher within-person impulsivity 

predicting shorter sleep duration that night (Sperry & Kwapil, 2022). While a stronger sleep-impulsivity 

association for higher-risk individuals was found specifically for sleep duration (and not deviations in sleep 

duration) in this study, greater sleep-wake rhythm irregularity and general sleep disturbance have been 

shown to relate more strongly to increased impulsivity (Azzam et al., 2019; Gershon et al., 2019) and 

emotion regulation difficulties (Palagini, Cipollone, Moretto, et al., 2019) in adolescents (Gershon et al., 

2019) and adults (Palagini, Cipollone, Moretto, et al., 2019) with a diagnosis of bipolar disorder than in their 

control group counterparts. Greater disturbances in sleep quality and sleep-wake rhythms that are typical in 

bipolar disorder are already seen in those who are high-risk (Melo et al., 2016; Ng et al., 2015; Scott et al., 

2022; Sperry & Kwapil, 2022), so it is also possible that the stronger association between these disturbances 

and impulsivity is also already present. Furthermore, turning to urgency more specifically, Tashjian and 

colleagues (2017) found cross-sectional associations between actigraphy-measured sleep quality and 

negative urgency that were moderated by PFC-DMN connectivity, such that worse sleep quality was 

associated with higher negative urgency only in those with disrupted connectivity. Distinct disruptions to 

those networks have been seen in those with bipolar disorder (see Maletic & Raison, 2014 for review), and 

there is also evidence that some of the neurobiological differences characteristic of bipolar disorder can be 

seen in those who are at high risk (Özerdem et al., 2016). In light of Tashjian and colleagues’ findings, this 

further suggests that the association between poor sleep quality and urgency may be stronger in those with 

disrupted PFC connectivity, which may include those with diagnoses of or at risk for bipolar disorder. 

The current study 

While there has been support for daily associations between sleep and broad impulsivity, as well as 

cross-sectional studies supporting associations between sleep and urgency specifically, very few studies 

have explored the daily associations between sleep and urgency. To my knowledge, no studies have 

explored the possible bidirectionality of daily urgency-sleep associations. Given that disrupted sleep and 

emotional impulsivity are both transdiagnostic risk factors and associated with a broad array of negative 

mental health outcomes (Carver & Johnson, 2018; Dolsen et al., 2014; Johnson, Carver, & Joormann, 2013), 

further clarification of how they relate to one another and how this association unfolds on a daily level may 

ultimately provide insight into underlying mechanisms of these associated negative outcomes as well as 

inform intervention strategies. Effective intervention on sleep in adolescents and young adults is of the 
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utmost importance, as they may be especially vulnerable to negative impacts of sleep disturbances (Bruce et 

al., 2017) and prone to engaging in impulsive and risk-taking behaviors (Kelley et al., 2004; Somerville et al., 

2010; Steinberg, 2007). 

Likewise, while daily associations between sleep and broad impulsivity have been established in at-

risk samples, no studies have looked at daily associations between sleep and urgency in this population. 

There is copious research supporting the need to differentiate among the facets of impulsivity (Berg et al., 

2015; Strickland & Johnson, 2021). Urgency in particular is strongly implicated in bipolar disorder and risk for 

bipolar disorder (Giovanelli et al., 2013; Johnson, Carver, Mulé, et al., 2013; Muhtadie et al., 2014), and 

therefore may be especially related to sleep in a way that varies by bipolar risk. Furthermore, while one study 

found that the daily association between sleep duration and broad impulsivity was moderated by degree of 

risk within an already higher-risk sample (Sperry & Kwapil, 2022), no one has explored whether associations 

between urgency and sleep quality and sleep-wake rhythms differ in those who are at higher versus lower 

risk for developing bipolar disorder. Sleep disturbances are associated with an increased risk of bipolar 

disorder onset in youth at higher risk (Scott et al., 2022); differential associations between sleep and urgency 

in those who are at higher risk may provide some insight into how bipolar disorder develops as well as inform 

interventions on sleep and emotionally rash behavior in this population. 

 

Aims and Hypotheses 

 The proposed study will add to the literature and extend previous work by exploring the person-level 

and bidirectional daily associations between urgency and sleep quality and two different measures of sleep-

wake rhythm regularity. The moderating effect of bipolar risk on these associations will also be tested. 

Confirmatory analyses 

Aim 1: Explore bidirectional daily associations between urgency and sleep quality and sleep-wake rhythm 

regularity. 

Hypothesis 1a: Worse sleep quality (within-person) will predict higher next-day urgency, and higher urgency 

(within-person) will predict worse sleep quality that same night. 

Hypothesis 1b: Greater deviation from typical sleep midpoint on a given day (using square of within-person 

value) will predict higher next-day urgency, and higher urgency (within-person) will predict greater 

deviation from typical sleep midpoint (using square of within person value) that same night. 
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Hypothesis 1c: Greater deviation from typical sleep duration on a given day (using square of within-person 

value) will predict higher next-day urgency, and higher urgency (within-person) will predict greater 

deviation from typical sleep duration (using square of within person value) that same night. 

Aim 2: Examine person-level associations between urgency and sleep quality and sleep-wake rhythm 

regularity. 

Hypothesis 2a: Worse person-level sleep quality (between-person) will be associated with higher urgency. 

Hypothesis 2b: Greater person-level deviation from typical sleep midpoint (using within-person standard 

deviation) will be associated with higher urgency. 

Hypothesis 2c: Greater person-level deviation from typical sleep duration (using within-person standard 

deviation) will be associated with higher urgency. 

Aim 3: Test whether these associations are moderated by risk for developing bipolar disorder. 

Hypothesis 3a: Worse sleep quality (within-person) will predict higher next-day urgency, and higher urgency 

(within-person) will predict worse sleep quality that same night, both to a greater degree in those who 

are at higher risk for bipolar disorder. 

Hypothesis 3b: Greater deviation from typical sleep midpoint on a given day (using square of within-person 

value) will predict higher next-day urgency, and higher urgency (within-person) will predict greater 

deviation from typical sleep midpoint (using square of within person value) that same night, both to a 

greater degree in those who are at higher risk for bipolar disorder. 

Hypothesis 3c: Greater deviation from typical sleep duration on a given day (using square of within-person 

value) will predict higher next-day urgency, and higher urgency (within-person) will predict greater 

deviation from typical sleep duration (using square of within person value) that same night, both to a 

greater degree in those who are at higher risk for bipolar disorder. 

Hypothesis 3d: Worse person-level sleep quality (between-person) will be associated with higher urgency to 

a greater degree in those who are at higher risk for bipolar disorder. 

Hypothesis 3e: Greater person-level deviation from typical sleep midpoint (using within-person standard 

deviation) will be associated with higher urgency to a greater degree in those who are at higher risk 

for bipolar disorder. 
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Hypothesis 3f: Greater person-level deviation from typical sleep duration (using within-person standard 

deviation) will be associated with higher urgency to a greater degree in those who are at higher risk 

for bipolar disorder. 

Exploratory analyses 

Exploratory analyses will be conducted with SOL and WASO to explore the degree to which types of 

sleep quality disturbance relate to urgency. Furthermore, given the well-documented sleep disparities among 

traditionally socially and economically marginalized groups (Billings et al., 2021; Butler et al., 2020; Grandner 

et al., 2016; Titone et al., 2020; Yip et al., 2021; Yip & Cheon, 2020), additional exploratory analyses will test 

moderation by parental education (as a proxy for socioeconomic status), race and ethnicity, gender identity, 

and sexual orientation. This will be to examine whether the hypothesized associations differ for those who 

may be disproportionately impacted by specific contextual factors that affect sleep, such as neighborhood 

safety concerns, noise and light pollution, discrimination, beliefs about sleep and health, and experience of 

discrimination and other stressors (Billings et al., 2021; Cohen et al., 2022; Fuller-Rowell et al., 2017; 

Grandner et al., 2016).  

 

Method 

Participants 

The current study utilized data collected as part of a larger project examining emotion and emotion 

regulation, substance use, impulsivity, and a variety of other mental health related variables in a community 

sample of young adults (n = 495; Mage = 20.3, SD = 1.3). Participants were predominantly non-Hispanic 

White (54%), with the next highest racial and ethnic identities being biracial/multiracial (20%), East Asian 

(7.5%), Hispanic (6.3%), Southeast Asian (4.2%), and African American (3.6%). Of the biracial/multiracial 

participants, 65.9% included White as one of their identities, 30.9% included East Asian, and 23.7% included 

Southeast Asian, with other endorsed identities including Middle Eastern (15.5%), African American (11.3%), 

Hispanic (11.3%), South Asian (8.2%), Native American (8.2%), Pacific Islander (6.2%), and African (3.1%). 

Forty-five percent of participants identified as cisgender female and 42% identified as cisgender male, with 

the remaining participants identifying as nonbinary/gender queer/gender nonconforming (8.5%), transgender 

male (3.0%), transgender female (1.0%), or nongendered (0.2%). Most participants identified as 
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heterosexual (52%), with the remaining participants either identifying as LGBQ+ (47.6%) or declining to 

respond (n = 2). If participants indicated more than one value for parental education (e.g., different values for 

different parents), the highest value was used. Most participants had at least one parent with a college 

degree or graduate degree (72%). Full demographic information can be found in Table 1. 

Inclusion criteria for enrollment in the larger study were that participants were between the ages of 

18 to 22 at the time of enrollment, used marijuana or alcohol at least weekly over the past 3 months, were 

fluent in English, moved to the United States before age 12 (in order to exclude participants who may not be 

acculturated to United States norms of substance use), lived in the study area, and had access to an 

Internet-enabled smartphone in order to complete the daily EMA surveys. Participants were excluded from 

enrollment only if they did not meet these inclusion criteria or were unable/unwilling to verify their identity.  

Retention and missing data 

Most participants responded to at least 80% of the surveys (n = 338), for a mean response rate of 

94.1% among high responders (SD = 5.6, range: 80-115%) and 42.6% among low responders (SD = 25.4, 

range: 2.5-77.5%). Participants contributed an average of 31.1 days of data each (SD = 11.3, range: 1-45 

days)1, for a total of 15,391 days with data for at least one variable of interest (i.e., urgency, sleep quality, or 

sleep duration). Sleep data were only collected at certain timepoints throughout the day, making it possible 

for participants to have provided urgency data (asked at all timepoints) without providing sleep quality (asked 

on morning surveys only) or sleep duration data (bedtime asked on morning surveys and rise time asked on 

night surveys, with both values needed for a calculation). Therefore, the number of days included in a given 

model were less than total available days (Mdays = 7,820.7, range: 4,707-13,823) and varied across models 

based on directionality and sleep variable used. For instance, there were more days with sleep quality data 

(n = 13,871) than sleep duration data (n = 6,646), as the former required a response to only one survey while 

the latter required a response to two separate surveys at different times. The total number of days used in a 

given model are listed in the results in Table 2. 

Participants who had higher response rates were lower in urgency (r = -0.19, p < 0.001), bipolar risk 

(r = -0.15, p < 0.001), and disrupted sleep quality (r = -0.12, p < 0.001), and had lower sleep duration 

 
1 Two participants contributed data on more days than total possible days (40 days) due to extended EMA periods. 
This was a result of a participant’s phone being stolen in one case, and a combination of technical issues with the 
survey distribution platform and getting a new phone number in the case of the other participant.     
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irregularity (r = -0.10, p = 0.03). Additionally, surveys were more commonly responded to (M = 12.3, SD = 

7.3) versus not responded to (M = 16.0, SD = 7.7) in earlier months of the overall study period, t(226.67) = 

7.0, p < 0.001, which could be attributed to a variety of factors, such as busier lifestyles due to decreased 

COVID restrictions. Surveys were also more commonly responded to (M = 25.9, SD = 16.1) versus not 

responded to (M = 43.9, SD = 20.1) earlier in a given participant’s 2-month study window, t(35114) = 93.0, p 

< 0.001. 

Procedure 

Participants were recruited through posts on a variety of social media and other local websites with 

the intention of targeting a diverse group of 18–22-year-olds in the Puget Sound region that was 

representative of the racial and ethnic composition of the study area, balancing across five age bins (18, 19, 

20, 21, and 22 years old) and binary gender categories of male and female. Recruitment strategies were 

adjusted across the study period in order to achieve the target demographic composition (e.g., temporarily 

restricting enrollment and targeting recruitment efforts towards younger and male-identifying participants 

only). The study enrollment period was from August 2020 through January 2023. 

Participants for this study completed a virtual orientation session, at which time participant identity 

and age was verified with photo ID, and participants were provided with instructions and given a practice 

EMA survey. Participants then completed baseline self-report measures and provided eight weeks of EMA 

data, with five assessments per day on Thursday through Sunday each week, and one additional survey on 

Monday morning. Assessments were randomly sent by text message within five separate three-hour blocks 

between 9am and 11pm, with at least one hour between surveys. Participants were sent a reminder text if 

they had not completed the survey within 30 minutes, and the survey link expired one hour after being sent. 

Participants received $50 for completing the baseline survey, and an additional $1 per completed EMA 

survey with a $5 bonus granted per weekend for a completion rate of 80% or higher. A total of four follow-up 

surveys were collected, with one survey collected every six months over a two-year period. Participants 

received $40 for each of the first two follow-up surveys and $50 for each of the final two follow-up surveys. 

All study procedures were approved by the University of Washington IRB. 
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Measures 

To reduce participant burden, for all scales that had multiple items, participants were presented with 

a randomly selected subset of items (70-85% of items from each subscale) at each assessment. Because 

items are by definition MCAR, mean scores may be computed without bias (Schafer & Graham, 2002).  

When urgency and all sleep variables were the outcome variables, they were standardized across all 

possible observations. When urgency and sleep quality were within-person predictors, they were 

standardized and centered within each participant’s own daily values; when they were between-person 

predictors, they were standardized and centered across person-level values. When sleep midpoint 

irregularity and sleep duration irregularity were the predictors, they were standardized, but not centered, 

within- and between-person. Furthermore, given that previous night’s sleep was measured on the same day 

as urgency, these values were lagged in models in which sleep prospectively predicted next-day urgency. 

For instance, the sleep responses provided on Friday morning refer to sleep on Thursday night, so modeling 

Friday’s sleep values as predicting Friday’s urgency values reflected Thursday night’s sleep prospectively 

predicting Friday’s (i.e., next-day) urgency. When urgency predicted sleep that same night, urgency was 

lagged by one day, such that Thursday’s urgency value prospectively predicted Friday morning’s sleep 

responses, which refer to sleep on Thursday night (i.e., same-day).  

Urgency 

Urgency was measured with six items adapted from the urgency subscale of the UPPS (Whiteside & 

Lynam, 2001), with item stems changed to reflect impulsive behaviors in the past hour, and urgency items 

free from emotional content. For example, the original urgency item “when I am upset, I often act without 

thinking” became “I acted without thinking.” In each EMA survey, four of the six urgency items were randomly 

presented. Participants were prompted to rate how strongly they agreed with the impulsivity related 

statements on a slider bar that ranged from “Strongly Disagree” to “Strongly Agree.”  These slider bars were 

scored continuously from 0-100 based on the slider position. Subscale means were used to create urgency 

values at each observation, and then observation-level values were averaged to create day-level values2. 

Higher scores indicate more emotional impulsivity. Reliability was high in current data (RkF = 0.99), and 

 
2 Participants were only given one survey on Mondays, so no more than one urgency value could be 
provided on Mondays. These single Monday morning urgency values were considered daily urgency values 
for those days; there were not differences in inferences when Monday morning values of urgency were 
excluded, so they were retained for the final models. 
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there was also strong evidence of validity in pilot data, which was replicated in an independent sample of 

adults (Halvorson et al., 2021). 

Sleep quality 

 The original PROMIS-Sleep Disturbance measure was one of two PROMIS sleep measures (with 

the other being Sleep-Related Impairment) developed through a rigorous process of reviewing previous 

literature, item response theory (IRT) analyses, classical test theory (CTT) methods, consulting experts, and 

qualitative research methods (Buysse et al., 2010). The final items selected following this process showed a 

four-factor structure. These factors were conceptually merged to create the two PROMIS sleep measures: 

Sleep Disturbance and Sleep-Related Impairment. The PROMIS-Sleep Disturbance measure comprises the 

“sleep-onset problems” and “sleep quality” factors and is a total of 27 items. In its original form, it reflects 

subjective impressions of sleep quality and disruption over the past seven days. Responses are on a five-

point Likert scale with response options differing by question prompt. The eight-item short form of the 

PROMIS-Sleep Disturbance was developed through computerized adaptive testing (Yu et al., 2012). The 

short-form measure also asks about perceptions of sleep over the past seven days.  

For the present study, however, these questions were adapted for EMA and prompted participants to 

rate their perceptions of the previous night’s sleep. Two of these eight items (“I had difficulty falling asleep” 

and “I had trouble staying asleep”) were asked each morning along with two randomly selected items of the 

remaining six, for a total of four items administered per morning survey, which were displayed evenly across 

observations.  Participants responded on a sliding scale from 1-5, with 1 being “Not at all” and 5 being “Very 

much.” Subscale means were used to create daily sleep quality values. The two items that were asked each 

morning reflect SOL and WASO and were each examined independently in exploratory analyses. Higher 

scores indicate more disrupted sleep quality. Within-person reliability was good in the present study (RkF = 

0.98). 

This measure has shown good reliability and validity. Under the IRT framework, reliability is allowed 

to vary as a function of !. The PROMIS-Sleep Disturbance short-form demonstrated a high reliability of 0.90 

or above for those with ! scores between -1.5 to 2.5 (Yu et al., 2012). Scores on the PROMIS-Sleep 

Disturbance were higher in those with sleep disorders than in those without. Also, scores on this measure 

were more highly correlated with the Pittsburgh Sleep Quality Index (PSQI; r = 0.83) than with the Epworth 

Sleepiness Scale (ESS; r = 0.30), the former of which is a well-established measure that is intended to 
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measure sleep quality, whereas the latter is intended to measure a slightly different construct, daytime 

sleepiness. Of note, the PROMIS-Sleep Disturbance demonstrated greater measurement precision than the 

PSQI (Yu et al., 2012). Furthermore, PROMIS-Sleep Disturbance scores were significantly correlated with 

actigraphy-measured sleep times (Hanish et al., 2017).    

Sleep-wake rhythm regularity 

 Irregularity of sleep duration and sleep midpoint were both calculated from daily questions about 

bedtime and rise time adapted from the Social Rhythm Metric 5-item (SRM-5) (Monk et al., 2002), with 

bedtime being asked in each morning survey and rise time being asked in each night survey. First, sleep 

duration was calculated as the difference between bedtime and rise time in minutes, and sleep midpoint was 

calculated as the midpoint between bedtime and rise time. These variables were then centered within-person 

and squared to create regularity scores for each variable for each day (e.g., Kaufmann et al., 2016). The 

person-level values for both variables were generated by calculating the within-person standard deviations 

for each variable (Kaufmann et al., 2016). 

 When calculating sleep duration, several instances of impossible or improbable sleep duration 

values were discovered, which may have been due to participants incorrectly indicating whether the time was 

“AM” or “PM.” Of the 6,646 total days, 44 days had sleep durations that were below 0 minutes, 329 days 

were over 12 hours, and 216 days were over 15 hours. Additionally, in the process of calculating blood 

alcohol concentration (BAC) values (a covariate discussed below), days with negative BAC values were also 

detected, which were caused by participants indicating a bedtime that was earlier than they began drinking.  

Days with negative sleep duration or negative BAC values were extracted for further investigation. 

For these days, educated guesses about potential response error were made based on that participant’s 

typical sleep pattern. For instance, participant X consistently went to bed between the hours of 11:00pm and 

1:00am and consistently woke up between the hours of 7:00am and 10:00am. If on one survey they 

indicated that they went to bed at 12:00pm the previous day, started drinking after 8:00pm that day, and then 

woke up at 8:00am the next day, then their 12:00 bedtime was changed from “PM” to “AM.” After these 

select manual adjustments to sleep timing were made (n = 91), both sleep duration and sleep midpoint 

values were Winsorized at 3 standard deviations, which impacted 176 sleep duration values (0.03% of 

adjusted values) and 14 sleep midpoint values (0.002% of adjusted values).  
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Bipolar risk 

The Hypomanic Personality Scale (HPS) is a self-report questionnaire developed in an 

undergraduate population to assess hypomanic personality traits as well as to determine risk for developing 

bipolar disorder (Eckblad & Chapman, 1986). All 48 items originally selected for this measure refer to either 

stable characteristics or recurring experiences. Items include prompts such as “I am frequently in such high 

spirits that I can’t concentrate on any one thing for too long,” “I seem to be a person whose mood goes up 

and down easily,” and “I do most of my work during brief periods of intense inspiration.” A short form of the 

HPS was developed (HPS-20) that includes 20 items of the original 48 items. The short form was developed 

through Rasch analysis and retains similar psychometric properties to the original. The short form of the HPS 

is unidimensional (Meads & Bentall, 2008). Some questions have been raised regarding whether the short 

form of the HPS taps into more maladaptive components of hypomanic personality traits but has overall been 

found to be acceptable (Sperry et al., 2015). In the present study, 15 items were randomly presented from 

the 20 available items in the baseline survey, with response options on a Likert scale ranging from 1-5 (1 = 

“Strongly agree”, 5 = “Strongly disagree”). Items were averaged to create a total HPS score and centered 

between-person, with higher scores reflecting greater risk for developing bipolar disorder.  

The HPS demonstrated good internal reliability (Cronbach’s alpha = 0.87) and test-retest reliability (r 

= 0.81) in the original study (Eckblad & Chapman, 1986) and has consistently demonstrated good 

psychometric properties in other study samples since. In the current sample, the internal reliability was 

similarly strong (" = 0.86, # = 0.88). The HPS-20 was correlated with long form at 0.92 and, although it was 

slightly less internally reliable, it still demonstrated a Cronbach’s alpha of 0.78 (Meads & Bentall, 2008). Both 

the long and short forms have shown good convergent and discriminant validity, relating more strongly 

overall with other bipolar-relevant measures, such as risk-taking and hyperactivity, than those of different 

psychopathologies, such as psychopathy and unipolar depression (Sperry et al., 2015; Stanton et al., 2019). 

The HPS also demonstrated good predictive validity with respect to later development of bipolar disorder 

(Kwapil et al., 2000; Walsh et al., 2015).  

Timing covariates 

Covariates related to timing of survey response were EMA day to account for study reactivity and 

weekday vs weekend (coded 0 = weekday, 1 = weekend) to account for possible shared variation in sleep 

features and urgency on weekends. As a sensitivity analyses, overall month of the study was added to 
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account for the evolution and fluctuations in various factors related to COVID-19 (e.g., restrictions, lifestyle 

adjustments). 

Substance use 

Substance use, particularly alcohol and marijuana use, has been consistently associated with both 

sleep (Hasler & Pedersen, 2020; Kwon et al., 2019; Yurasek et al., 2020) and urgency (King et al., 2011; 

Stautz & Cooper, 2013; VanderVeen et al., 2016). Given that this sample was intentionally recruited for their 

substance use behaviors, variables reflecting alcohol and marijuana use were included as covariates in 

sensitivity analyses. In line with study preregistration, daily BAC at bedtime was calculated first but, because 

of the large number of zeroes (n = 9,552), subjective intoxication was selected to reflect alcohol use instead. 

Each morning, participants reported how drunk or intoxicated they felt the previous night using a visual 

analogue scale ranging from 0 = “Not at all/I didn’t drink” to 100 = “Very drunk.” Participants used this same 

scale each morning to report subjective high from marijuana use the previous day, responding to the prompt 

“How ‘stoned’ or ‘high’ did you get?” on a slider scale from 0 = “Not at all/ I didn’t use marijuana” to 100 = 

“Very high.” If participants did not answer these intoxication items and they also indicated through other 

substance use questions that they did not consume alcohol or marijuana on a given day (e.g., they indicated 

that they had 0 drinks when asked about drink quantity), then zeroes were populated for the blank 

intoxication items. 

Demographic variables for exploratory analyses 

At the baseline assessment, participants selected their race and/or ethnicity from a list of 13 options, 

including “other” (with a text entry option). Participants selected their gender identities from a list of 11 

options, including “other” (with a text entry option), and indicated their sexual orientation from a list of 14 

options, including “other” (with a text entry option). Participants were able to select all race and ethnicity, 

gender, and sexual orientation identity options that applied. Finally, parental education was used a proxy for 

socioeconomic status, which participants were able to indicate separately for two parents, selecting from a 

list of options ranging from “8th grade or less” to “Graduate/Professional school.” The higher value of the two 

possible answers was used for analyses. 

Racial and ethnic sleep disparities may be due to a variety of factors, such as racial discrimination 

(Billings et al., 2021; Cohen et al., 2022; Fuller-Rowell et al., 2017; Grandner et al., 2016; Wang & Bíró, 
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2021) and culturally-bound beliefs about and practices around sleep (Billings et al., 2021; Grandner et al., 

2016). As the greatest disparities have been documented among Black individuals (Yip et al., 2021), with 

additionally disrupted sleep in Asian-American and Latinx groups (Billings et al., 2021; Yip & Cheon, 2020), 

contrast coding focused on these groups (non-Hispanic White, Black, Asian and Pacific Islander [API], and 

Hispanic) in addition to a multiracial group, which included a substantial portion of participants. An additional 

exploratory analysis included only two groups, participants of color and non-Hispanic White participants, as 

this would allow for comparison between larger sample sizes (thus resulting in higher power) and also to 

explore whether there were differences based on simply being a member of a marginalized racial or ethnic. 

Sleep disparities for gender identity and sexual orientation are presumed to stem from experiences 

of discrimination; as such, these variables were coded based on majority and minority status, with three 

groups for gender (cisgender male, cisgender female, and transgender or gender expansive) and two groups 

for sexual orientation (heterosexual and LGBQ+). Like with the race and ethnicity variable, each group was 

separately positioned as the reference group for gender.  

Finally, regarding socioeconomic status, sleep disparities are theorized to arise from factors such as 

neighborhood safety concerns, noise and light pollution, and less control over work schedules, including shift 

work, holding multiple jobs, and manual labor (Billings et al., 2021; Grandner et al., 2016). Prior research has 

identified differences in sleep based on having completed college or not (Grandner et al., 2016), so parental 

education was coded along this distinction (has not completed college and has completed college). 

Analyses 

 Multilevel modeling (MLM) was used to account for the nested structure of the EMA data. All 

analyses were conducted in RStudio (RStudio Team, 2020), and hypotheses were tested by fitting multilevel 

models using the statistical package ‘nlme’ (Pinheiro et al., 2022). MLM can accept missing data at Level 1 

provided participants have some available Level 1 data. Thus, all available data was included for analyses.  

Relative fit indices (AIC, BIC, and -2 log likelihood) were used for nested model comparisons, one of 

which was testing for random slopes. To account for similarities between temporally adjacent observations, 

models were also built both with and without auto-correlated residuals and these nested models were also 

compared. Alpha was set at 0.05 and 95% confidence intervals were used when determining significance of 

coefficients for hypothesis testing. However, the Benjamini-Hochberg procedure (Benjamini & Hochberg, 

1995) was applied to control for false discovery rate, which was set at 5%. “Families” were defined as 
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follows: 1. All predictors of interest in models testing associations between urgency and sleep quality in both 

directions (4 coefficients total), 2. All predictors of interest in models testing associations between urgency 

and sleep-wake rhythms in both directions (8 coefficients total), 3. All bipolar risk interaction coefficients (12 

coefficients total).  

Model building process 

First, each model was fitted without a random slope for the daily-level predictor of interest, which was 

then compared to a second model that did include a random slope for the daily-level predictor. A random 

slope was included in subsequent model building if relative fit indices indicated improved fit. This same 

model comparison process was then conducted with and without accounting for autocorrelated residuals. 

Next, the HPS was added as a moderator, and covariates related to the timing of the surveys (i.e., EMA day 

and weekend vs. weekday) were added to the model. If the addition of timing-related covariates did not 

change inferences, these covariates were not retained as part of the final model. An example model of 

between-person sleep quality (SQbtwn) and within-person sleep quality (SQwi) predicting next-day urgency, 

moderated by HPS score, and with the timing-related covariates is included below. A random slope for sleep 

quality is included here for illustrative purposes but would not be included in the model if it did not improve 

model fit. 

 

Sensitivity analyses 

Sensitivity analyses included the addition of substance use variables as covariates, as well as testing 

for and removing influential outliers. To test for influential outliers, Cook’s distance (Cook’s D, or $!) was 

used, which is appropriate for multilevel model structures (Van der Meer et al., 2010), with the 

“predictmeans” R package (Luo et al., 2021). To determine whether to further investigate a given 

observation, a cutoff point of 4/n was used for $!, where n is the number of observations (Altman & 

Krzywinski, 2016). Whether effects were robust when the final models were run again with these 

observations excluded is reported in the results section. Furthermore, impulsivity tends to not be normally 

distributed. In this study, the residuals had a non-normal distribution and violated assumptions of 

homoskedasticity; therefore, a third sensitivity analysis tested whether a log-transformation of urgency as the 

!"#$%&'!" = 	*# + 	!#" + *$,-./!" + !$",-./!" + 	*%0,-./!" ∗ 	23,"4 + 
*&,-56.%" + *'0,-56.%" ∗ 	23,"4 + &789"/96$: + ;!" 
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outcome variable improved the residual distribution or changed inferences. Fourth, in order to avoid 

misestimation of main effects, checks were run for independence of predictor effects by testing all possible 

predictor interactions. Effects that were significant at p < 0.001 were planned to be included as covariates in 

a given model without interpreting any incidentally detected interactions, but no such interactions were 

detected. For the fifth and final sensitivity analysis, overall study month, which served as a proxy for 

fluctuations in COVID-related variables such as lifestyle restrictions, was included as an interaction term with 

predictors of interest to ensure that main effects were not impacted by this variable. 

Exploratory analyses 

This same model building process was conducted with WASO and SOL as the sleep variables of 

interest. Additional exploratory analyses were conducted separately for each demographic variable of 

interest. Within these demographic variables, separate models were fitted such that each identity category 

could be compared with all other identity categories within that demographic variable. For gender identity, for 

example, cisgender male and cisgender female were each set as the reference group for each hypothesis, 

thus enabling all 3 of the groups (cisgender male, cisgender female, and transgender or gender expansive) 

to be compared to one another. Given the large number of exploratory analyses run with demographic 

variables, alpha was set at 0.001 to determine coefficient significance. 

 

Results 

Correlations between all variables are displayed in Figure 1. The ICCs of urgency and sleep quality 

were 0.68 and 0.34, respectively, suggesting that 68% of the variance in urgency and 34% of the variance in 

sleep quality was attributable to between-person differences. 

Confirmatory analyses 

 Accounting for autocorrelated residuals improved model fit for all tested models, though a random 

slope only significantly improved model fit when sleep quality the predictor or outcome variable. Furthermore, 

the inclusion of timing-related covariates did not meaningfully impact inferences for any of the models; these 

covariates were therefore excluded from the final models for parsimony. Since residuals were not normally 

distributed and heteroskedasticity was detected, outcomes for each model were log-transformed as a 

sensitivity analysis. Results of confirmatory analyses can be found in Table 2 and were largely robust to 
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sensitivity analyses, with any exceptions described below. See Figure 2 for a graphical depiction of effect 

sizes. 

Sleep quality predicting urgency 

There were significant effects such that worse within-person sleep quality predicted elevated next-

day urgency (b = 0.03, SE = 0.005, p < 0.001, 95% CI = [0.02, 0.04]), though this varied across individuals 

(Var = 0.003, SD = 0.05). The main effect of between-person sleep quality on urgency was also significant, 

such that a 1 SD increase in disrupted sleep quality was associated with a 0.28 SD increase in urgency at 

any given time (SE = 0.03, p < 0.001, 95% CI = [0.22, 0.34]). There were not significant interaction terms 

between bipolar risk and either within- or between-person sleep quality. All significant effects survived 

correction for multiple comparisons.3 

Urgency predicting sleep quality 

 Higher within-person urgency significantly predicted worse sleep quality that night (b = 0.008, SE = 

0.003, p = 0.01, 95% CI = [0.002, 0.01]), with significant variance across individuals (Var = 0.0003, SD = 

0.02). Between-person urgency also significantly predicted sleep quality, such that a 1 SD increase in 

between-person urgency related to a 0.10 SD increase in sleep quality disturbances (SE = 0.01, p < 0.001, 

95% CI = [0.09, 0.12]). These effects were robust to correction for multiple comparisons. There were not 

interaction effects for bipolar risk. 

While the within-person effect of urgency was robust to correction for multiple comparisons, it was no 

longer present when daily marijuana use was added as a covariate (b = 0.009, SE = 0.005 p = 0.07, 95% CI 

= [-0.0007, 0.02]), nor when potentially influential outliers (n = 222; 2.1% of the 10,445 observations included 

in the full model) were removed (b = 0.005, SE = 0.003 p = 0.11, 95% CI = [-0.001, 0.01]). 

Sleep midpoint irregularity predicting urgency 

 Higher person-level sleep midpoint irregularity was significantly associated with lower urgency (b = -

0.19, SE = 0.07, p = 0.01, 95% CI = [-0.33, -0.04]) and was robust to correction for multiple comparisons. 

 
3 A random slope for within-person sleep quality was not included when checking for changes to inferences 
when influential outliers (n = 237; 1.7% of the 13,823 observations included in the full model) were removed, 
as there was a convergence error when a random slope was included. Results of the outlier-free model 
without a random slope were consistent with results from models including all data both with and without a 
random slope. 



 

 26 

There was no significant association between urgency and previous night’s midpoint irregularity, nor were 

there any interaction effects.  

Urgency predicting sleep midpoint irregularity 

There were no significant effects of daily or person-level urgency on sleep midpoint irregularity, nor 

were there a significant moderation effects of bipolar risk. 

Sleep duration irregularity predicting urgency 

Higher person-level irregularity in sleep duration predicted higher urgency (b = 0.31, SE = 0.07, p < 

0.001, 95% CI = [0.17, 0.44]), which survived correction for multiple comparisons. There was no daily effect 

of sleep duration irregularity on next-day urgency or any significant interactions with bipolar risk.  

Urgency predicting sleep duration irregularity 

After correction for multiple comparisons, there were no significant daily or person-level effects of 

urgency on sleep duration irregularity, nor was there significant moderation by bipolar risk.  

Exploratory Analyses 

Sleep onset latency predicting urgency 

 There were significant associations between higher urgency and higher between-person SOL (b = 

0.29, SE = 0.03, p < 0.001, 95% CI = [0.23, 0.35]), as well as between higher urgency and higher within-

person SOL the previous night (b = 0.02, SE = 0.004, p < 0.001, 95% CI = [0.02, 0.03]), which varied across 

individuals (Var = 0.002, SD = 0.04). These associations were robust to correction for multiple comparisons. 

There was no evidence of bipolar risk moderating these associations. 

Urgency predicting sleep onset latency 

 A 1 SD increase in within-person urgency was associated with a 0.01 SD increase in SOL that night 

(SE = 0.005, p = 0.009, 95% CI = [0.003, 0.02]), with variation across individuals (Var = 0.001, SD = 0.04), 

and a 1 SD increase in between-person urgency was associated with a 0.14 SD increase in SOL (SE = 0.01, 

p < 0.001, 95% CI = [0.12, 0.17]). All effects survived correction for multiple comparisons, and there were no 

interactions with bipolar risk.  
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Waking after sleep onset predicting urgency 

 Though it varied across individuals (Var = 0.003, SD = 0.06), there was a significant association 

between higher within-person WASO and higher next-day urgency (b = 0.02, SE = 0.005, p < 0.001, 95% CI 

= [0.01, 0.03]). There was also an association between higher between-person WASO and higher urgency (b 

= 0.30, SE = 0.03, p < 0.001, 95% CI = [0.24, 0.36]). The interaction between bipolar risk and within-person 

WASO did not survive correction for multiple comparisons.  

Urgency predicting waking after sleep onset 

Both higher within-person urgency (b = 0.02, SE = 0.005, p < 0.001, 95% CI = [0.008, 0.03]) and 

higher between-person urgency (b = 0.15, SE = 0.01, p < 0.001, 95% CI = [0.12, 0.18]) were significantly 

associated with higher WASO that night, with no variation across individuals, and were robust to correction. 

There was no evidence of moderation by bipolar risk. 

Race and ethnicity 

Race and ethnicity significantly moderated the association between between-person sleep quality 

and urgency with Black participants having a stronger association between average poor sleep and urgency 

than API participants (b = -0.66, SE = 0.17, p < 0.001, 95% CI = [-1.01, -0.31]) and multiracial participants (b 

= -0.58, SE = 0.17, p < 0.001, 95% CI = [-0.91, -0.24]). There was also moderation such that the interaction 

between bipolar risk and person-level sleep midpoint irregularity was stronger for Black compared to both 

non-Hispanic White (b = -0.005, SE = 0.001, p < 0.001, 95% CI = [-0.008, -0.002]) and multiracial 

participants (b = -0.005, SE = 0.001, p < 0.001, 95% CI = [-0.008, -0.002]). This interaction effect was 

significant for Black participants, such that those with higher risk for developing bipolar disorder had a 

stronger association between person-level sleep midpoint irregularity and urgency (b = 0.005, SE = 0.001, p 

< 0.001, 95% CI = [0.002, 0.007]). Finally, the association between person-level sleep duration irregularity 

and urgency was stronger for Hispanic participants than for Black participants (b = -1.19, SE = 0.35, p < 

0.001, 95% CI = [-1.89, -0.50]) and API participants (b = -0.96, SE = 0.29, p < 0.001, 95% CI = [-1.52, -

0.40]), and greater person-level sleep duration irregularity predicted higher urgency in Hispanic participants 

(b = 0.96, SE = 0.23, p < 0.001, 95% CI = [0.52, 1.40]) but not in Black participants (b = -0.23, SE = 0.27, p = 

0.39, 95% CI = [-0.77, 0.30]) or API participants (b = 0.001, SE = 0.18, p = 0.99, 95% CI = [-0.34, 0.34]). 
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Gender identity 

 The only difference for gender identity was the association between between-person sleep quality 

and urgency, with worse between-person sleep quality being more strongly related to increased urgency in 

cisgender males than cisgender females (b = -0.25, SE = 0.06, p < 0.001, 95% CI = [-0.37, -0.12]).  

Sexual orientation 

 There was moderation by sexual orientation for the effect of between-person sleep quality on 

urgency (b = -0.19, SE = 0.06, p < 0.001, 95% CI = [-0.31, -0.08]) such that the association was stronger for 

heterosexual participants. The interaction between within-person sleep quality and bipolar risk was also 

significant (b = 0.02, SE = 0.006, p < 0.001, 95% CI = [0.01, 0.04]) and stronger in heterosexual participants 

than LGBQ+ participants (b = -0.03, SE = 0.009, p < 0.001, 95% CI = [-0.05, -0.01]), such that the 

association between worse within-person sleep quality and higher next-day urgency was stronger for 

heterosexual participants with higher bipolar risk. 

Parental education 

 Parental education did not moderate effects.  

 

Discussion 

 Disrupted sleep health has been implicated in a wide range of negative mental health outcomes (Ben 

Simon et al., 2020; Dolsen et al., 2014; Hertenstein et al., 2019; Porras-Segovia et al., 2019; Zhu et al., 

2021), especially bipolar disorder (Caruso et al., 2021; Harvey, 2011; Palagini, Bastien, et al., 2019). Poor 

sleep health has also been robustly associated with increased urgency (Galbiati et al., 2020; Grove et al., 

2017; M. B. Miller et al., 2017; Nicholson et al., 2021; Pickett et al., 2016; Schmidt et al., 2008, 2010; 

Tashjian et al., 2017), which is an extensively supported transdiagnostic risk factor for negative mental health 

outcomes (Carver & Johnson, 2018; Johnson, Carver, & Joormann, 2013). The present study expanded on 

prior work by examining bidirectional daily associations between urgency and two specific aspects of sleep 

health, which were sleep quality and sleep-wake rhythm irregularity, as well as whether these associations 

varied in those who were at higher risk for developing bipolar disorder. Hypothesized effects were robust for 

both person-level and daily bidirectional associations between urgency and sleep quality, with mixed 
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evidence for associations between sleep-wake rhythm irregularity and urgency, and limited evidence for any 

moderation by bipolar risk. 

Sleep quality and urgency 

While there was evidence of bidirectionality, the effect sizes when poor sleep quality predicted higher 

urgency were three times as large as the effects in the opposite direction and also more robust to sensitivity 

analyses, suggesting that sleep quality is a stronger predictor of urgency than urgency is of sleep quality, on 

both the daily level (i.e., within-person) and the overall person level (i.e., between-person). This association 

is consistent with previous findings that poor sleep quality, measured in a variety of ways, is related to 

increased urgency (Galbiati et al., 2020; Grove et al., 2017; M. B. Miller et al., 2017; Nicholson et al., 2021; 

Pickett et al., 2016; Schmidt et al., 2008, 2010; Tashjian et al., 2017), with generally similar effect sizes to 

what was found in the present study. Most of the previous work has been cross-sectional, limiting inferences 

about temporal dynamics or directionality, but the stronger effects of sleep quality predicting urgency than 

the opposite indicate that an effect of sleep quality on urgency may be primarily responsible for these 

previously detected cross-sectional associations.  

There is some evidence to support bidirectionality between general sleep health and urgency 

(Bauducco et al., 2019) as well as between sleep quality and various externalizing behaviors (Liu et al., 

2022); however, this is the first study to explicitly examine bidirectionality between sleep quality and urgency 

on a daily scale. One study that investigated this association on a daily level found mixed evidence for worse 

daily sleep quality predicting higher next-day urgency (A. L. McGowan et al., 2021), while another study 

looking at sleep quality and broad impulsivity in individuals with bipolar disorder found a daily association in 

the opposite direction only (Patapoff et al., 2022). Bidirectional daily associations between sleep quality and 

urgency are aligned with neurocognitive theories that poor sleep health results in emotional reactivity (Gruber 

& Cassoff, 2014), increased negative affect (Kahn et al., 2013; Konjarski et al., 2018; Narmandakh et al., 

2021) and decreased positive affect (Finan et al., 2015, 2017; Kahn et al., 2013; Konjarski et al., 2018; 

Pilcher et al., 2015), and disrupted reward and salience networks (Ben Simon et al., 2020; Kahn et al., 2013; 

Mullin et al., 2013), as well as disrupted ability to effectively regulate and respond to emotions (Gruber & 

Cassoff, 2014; Kahn et al., 2013; Lowe et al., 2017; Palmer & Alfano, 2017). In the opposite direction, 

heightened arousal is thought to disrupt or delay sleep (Kahn et al., 2013; Konjarski et al., 2018; Saper et al., 

2005). Impulsive responding to emotion differentiates urgency from broad impulsivity, and the centrality of 
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emotion to these theories may account for why daily sleep quality did not predict broad impulsivity in a 

sample of individuals with bipolar disorder, but daily broad impulsivity did predict sleep quality (Patapoff et 

al., 2022). This suggests that processes underlying daily associations between sleep quality and urgency 

may be distinct from those underlying its association with broad impulsivity, perhaps due to the role of 

emotion in urgency.  

 In the present study, the daily associations between sleep quality and urgency varied across 

participants, which signals that there are additional moderators underlying these individual differences. One 

such moderator could be differences in trait emotion regulation. As noted above, poor sleep quality has been 

shown to disrupt emotional networks, with effects including increased negative emotion and emotional 

reactivity. People who generally struggle to regulate their emotions or have not developed adaptative ways of 

responding to their emotions may be less likely to have other strategies to turn to when they haven’t slept 

well and are feeling heightened negative emotion. In the absence of other strategies to effectively regulate 

emotion, impulsive action may be more challenging to avoid or may serve as its own form of maladaptive 

emotion regulation. Additionally, previous work has found that urgency was only related to worse sleep 

quality in participants with worse PFC-DMN connectivity (Tashjian et al., 2017), which further supports the 

possibility that pre-existing challenges with regulation may moderate relations between sleep quality and 

urgency. 

Sleep-wake rhythm irregularity and urgency 

 Hypotheses regarding associations between urgency and sleep-wake rhythm irregularity were not 

supported on a daily level, which is consistent with the two previous studies exploring how daily urgency 

related to measures with construct overlap with sleep-wake rhythm irregularity (Hasler et al., 2022; A. L. 

McGowan et al., 2021). However, results of the present study regarding person-level associations were not 

as consistent with previous literature supporting person-level associations between sleep-wake rhythm 

irregularity and broad impulsivity (Gershon et al., 2019; Gillett et al., 2021; Kaufmann et al., 2016; Patapoff et 

al., 2022; Sperry & Kwapil, 2022). More specifically, results of the present study do not support evidence that 

overall urgency predicted sleep-wake rhythm irregularity at any given time, and there was mixed evidence for 

how overall irregularity relates to urgency at any given time, with lower overall sleep midpoint irregularity and 

higher sleep duration irregularity predicting higher urgency.  
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 Although sleep midpoint irregularity and sleep duration irregularity have been used to measure the 

same construct, they were uncorrelated with one another in the present study. Furthermore, sleep duration 

irregularity was correlated with urgency, sleep quality, and bipolar risk in the expected directions, but sleep 

midpoint irregularity was either negatively correlated or uncorrelated with these constructs. This suggests 

that these measures may have tapped different constructs in this study. Sleep midpoint irregularity is a 

measure of consistency of sleeping earlier versus later at night. Several studies have found an overall trend 

of delayed sleep timing following the onset of the COVID-19 pandemic (Becker et al., 2021; Cellini et al., 

2020; Gupta et al., 2020; Romero et al., 2020), which is when data for the current study were collected. One 

study in particular demonstrated that, following the onset of COVID-19, young adults reported going to bed 

later and that this difference was more pronounced in weekday bedtimes, closing the timing gap between 

weekend and weekday bedtimes in this age group (Ramos Socarras et al., 2021). Thus, in the present study, 

greater consistency in sleep midpoint might have been fueled by later weekday bedtimes, which would then 

have also resulted in later average sleep timing. Previous work has found that people with later sleep timing, 

which also indicates later circadian phases, are more impulsive (Caci et al., 2005; Gamble et al., 2013; Kang 

et al., 2015; N. M. McGowan & Coogan, 2018). If participants with later sleep timing were also more 

consistent in their sleep midpoint, then it could be the case that shared variance with later sleep timing and 

circadian phase was driving the association between higher sleep midpoint consistency and higher urgency. 

Despite the possibility that there was less of a discrepancy in weekend-weekday sleep timing during this 

period, thus resulting in later sleep timing, this could not be tested directly, as these analyses were 

conducted on data that were intentionally collected over weekends. 

 Sleep duration irregularity, on the other hand, reflects how inconsistent people are in how long they 

are sleeping; this measure is more independent of late sleep timing and is, therefore, potentially less 

contaminated by this other construct. The results for the person-level association with sleep duration 

irregularity were consistent with previous literature supporting associations with broad impulsivity, though 

there was no daily relation. Thus, perhaps greater sleep-wake rhythm irregularity predicts increased urgency 

on the person level only, and greater irregularity over time is a stronger predictor of urgency than just one 

temporally-adjacent night. While a single night of disrupted sleep quality predicts increased urgency, sleep-

wake rhythm irregularity may need to accumulate over time to have adverse impacts.  
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Bipolar risk 

In the present study, there was not evidence to support the hypothesis that the association between 

sleep quality and sleep-wake rhythms and urgency differs for people at higher risk for bipolar disorder. No 

prior work has explicitly tested this particular moderation effect, but associations between sleep features 

(sleep duration and sleep-wake rhythm irregularity) and constructs that overlap with urgency (broad 

impulsivity and emotion regulation) have been stronger in people who were higher risk or diagnosed with 

bipolar disorder versus controls (Azzam et al., 2019; Gershon et al., 2019; Palagini, Cipollone, Moretto, et al., 

2019).  

The unexpected results of the present study have several possible explanations. The first possibility 

is that, despite the large the sample size for the present study, a small number of participants (n = 32) had 

risk scores that are considered elevated (1.5 SDs above the mean, e.g, (Sperry & Kwapil, 2022; Walsh et al., 

2015)), and participants with higher risk tended to provide fewer survey responses. While there was enough 

variation in bipolar risk scores to capture a main effect of bipolar risk on sleep quality and urgency, which is 

consistent with prior literature demonstrating robust associations between bipolar risk and sleep quality (Melo 

et al., 2016) and urgency (Giovanelli et al., 2013; Johnson, Carver, Mulé, et al., 2013), the previously found 

association between bipolar risk and sleep-wake rhythms was not present in this sample (Melo et al., 2016; 

Ng et al., 2015; Scott et al., 2022; Sperry & Kwapil, 2022). As such, it might have been the case that there 

was not enough power to detect moderation and that these associations are only stronger at more extreme 

ends of the risk spectrum. The one study that explored bipolar risk moderating daily associations between 

sleep and broad impulsivity did find evidence of moderation of urgency’s daily association with sleep duration 

(not deviations in sleep duration); these authors may have found moderation due to oversampling for 

participants with elevated risk (Sperry & Kwapil, 2022). Future studies should explore whether these results 

replicate with more power along the risk spectrum.  

Another possibility is that the stronger association between sleep health and broad impulsivity and 

emotion regulation in diagnosed samples versus control samples (Azzam et al., 2019; Gershon et al., 2019; 

Palagini, Cipollone, Moretto, et al., 2019) doesn’t develop until after disorder onset; the study that found 

moderation by risk and oversampled for higher bipolar risk (Sperry & Kwapil, 2022) might have 

unintentionally captured people would qualify for a diagnosis. It has been proposed that disrupted circadian 

and social rhythms in particular are a core element of the etiology of bipolar disorder through theories such 
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as the social zeitgeber theory, which posits that that a less entrained 24-hour cycle is a key component of 

what gives rise to bipolar symptoms and is present even before disorder onset (Caruso et al., 2021; Harvey, 

2011; Palagini, Bastien, et al., 2019; Scott et al., 2022). Given that emotional impulsivity, or urgency, is a 

core feature of bipolar symptom expression and has been connected with these sleep-wake rhythm 

disruptions, it is a promising mechanism for how rhythm irregularity may give rise to bipolar symptoms. 

Should rhythm irregularity not be more strongly tied to urgency until after disorder onset, however, it would 

indicate that this process triggers or is triggered by disorder onset. The point at which this association arises 

would provide insight into the etiology of bipolar disorder, as well as elucidate intervention targets for higher 

risk populations, as it may indicate whether improving sleep health prior to onset may be an important target. 

This line of inquiry would not only benefit from testing moderation with a larger number of participants at 

higher and lower levels of the risk spectrum, but also with participants who have actually received a 

diagnosis to determine whether the theorized stronger link only occurs after disorder onset.   

Exploratory analyses 

Measurement of sleep health, including sleep quality, has been broad and variable, so the present 

study also included exploration of two specific types of sleep quality disturbance, sleep onset latency (SOL) 

and waking after sleep onset (WASO). Results demonstrated that SOL and WASO had associations with 

urgency that were comparable to how broader sleep quality related to urgency, suggesting that type of sleep 

quality disturbance may not be as important to distinguish in how sleep quality relates to urgency. The limited 

number of previous studies examining how urgency relates to these specific types of sleep quality 

disturbance measured via self-report were cross-sectional in support of associations (Galbiati et al., 2020; 

Schmidt et al., 2008). Interestingly, when actigraphy was used to measure SOL, a person-level association 

with urgency was not supported (Titone et al., 2022). This suggests that the perception of how long it takes 

to fall asleep may be related to urgency as opposed to the actual amount of time it takes to fall asleep. 

However, previous work has demonstrated associations between urgency and other physiological measures 

of sleep quality (Galbiati et al., 2020; Tashjian et al., 2017), so further investigation of how urgency may 

differentially relate to different aspects of sleep quality should be conducted with physiological measures and 

compared with self-report findings. 

Exploratory analyses also revealed some moderation of effects of person-level sleep quality and 

urgency by race, gender identity, and sexual orientation, though only moderation by race was as might be 
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expected. No explicit hypotheses were proposed for these analyses, but given that experiences of typically 

socially and economically disadvantaged groups, such as increased discrimination, stress, and safety 

concerns, are thought to negatively impact the aspects of sleep that relate to urgency (Billings et al., 2021; 

Fuller-Rowell et al., 2017; Grandner et al., 2016), it seemed more likely that members of these groups would 

experience stronger associations between sleep and urgency. This can be seen in previous work that found 

stronger effects between sleep disturbance and urgency in females than in males (Bauducco et al., 2019), 

which makes the pattern of stronger effects for cisgender male participants in the present study especially 

puzzling. Of note, effect sizes in the present study were substantially stronger for the race interaction effects 

than for the gender and sexual orientation interaction effects, suggesting that the latter two are more likely to 

be spurious than the former.  

 Surprisingly, there were no moderation effects at all for parental education, which was a proxy for 

socioeconomic status. Several of the possible explanations for sleep disparities are directly related to factors 

impacted by socioeconomic status such as noise and light pollution, neighborhood safety concerns, shift 

work, and increased stress (Billings et al., 2021). These factors are also thought to impact REM and slow 

wave sleep (Halperin, 2014; Lo Martire et al., 2020); these sleep architecture disturbances have been 

implicated in urgency (Galbiati et al., 2020), emotion and emotion regulation (Finan et al., 2017; Simor & 

Horváth, 2013; Walker & van der Helm, 2009), and broad impulsivity (Simor & Horváth, 2013). However, 

results of the current study suggest that perhaps experiences that are more specific to race and ethnicity, 

such as discrimination, may be more relevant to how sleep relates to urgency. If discrimination were the 

responsible underlying mechanism, then one would expect associations to also be stronger in LGBQ+ and 

gender expansive participants than heterosexual and cisgender participants given the discrimination 

experienced by these groups (Medina & Mahowald, 2023); this was contrary to current results. One 

explanation may be region-specific, as a recent report indicated that the area in which this study was 

conducted has one of the largest LGBTQ+ populations (Balk, 2020) and some of the highest protections for 

this population in the country (Washington’s Equality Profile, 2023), which may mitigate impacts of 

discrimination related to gender and sexual orientation to some degree. Additionally, these data were 

collected following the murder of George Floyd and resulting increased public awareness of violence against 

Black individuals in particular, which may have exacerbated feelings of stress (Eichstaedt et al., 2021) and 

discrimination more in this group than non-Black members of other marginalized identities. Further work that 
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more explicitly examines these possible underlying processes, such as discrimination, noise pollution, and 

the role of sleep architecture, is needed. 

 Another interesting finding of the present study is that moderation was not detected when 

participants were divided into binary categories of non-Hispanic White and BIPOC identities, and that the 

effects of sleep duration irregularity on urgency were stronger in Hispanic participants compared to Black 

and API participants. This highlights the need for specificity and granularity when examining differences in 

these associations across racial and ethnic identities. Results of the present study also revealed that higher 

bipolar risk predicted a stronger association for between-person sleep midpoint irregularity and urgency in 

Black participants, and higher bipolar risk also predicted a stronger association between within-person sleep 

quality and next-day urgency in heterosexual participants. However, these three-way interactions were not 

explicitly identified as confirmatory or exploratory analyses, which limits the utility of further interpretation. 

Limitations 

While there were many strengths of the current study, such as a large sample size, EMA data 

spanning a 2-month period, and specificity in measurement of variables of interest, some key factors limit 

interpretation of results. One limitation is that participants who had overall higher urgency, higher bipolar risk, 

and worse sleep health also tended to have lower response rates to daily surveys. As more data were 

available from participants who reported lower severity on these variables, inferences about these 

associations in higher severity groups are more limited. Individuals with higher urgency, worse sleep health, 

and greater risk for developing bipolar disorder are the most clinically important to study, as they are at the 

most risk for negative mental health outcomes.  

Next, while this study employed greater temporal granularity than the bulk of the existing work 

around this line of inquiry, greater clarity on timing of these associations is needed. For instance, 

associations between sleep health and urgency were stronger on the person level than the daily level, which 

may suggest that chronic sleep issues are more relevant to urgency than acute sleep issues. Chronic, 

cumulative, and acute sleep loss have been shown to negatively impact cognitive and emotional processes 

(Baum et al., 2014; Krause et al., 2017; Lowe et al., 2017; Shen et al., 2021), and one study in particular 

found that broad impulsivity was lower 2 days after increased sleep duration but not immediately after 

(Kaufmann et al., 2016). As such, questions still remain about whether multiple days of poor sleep quality in 
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a row are more strongly predictive of urgency, for instance, or how many days of improved sleep it may take 

for urgency to decrease again.   

Finally, exploratory analyses used categorical definitions of identity without consideration of 

intersectionality of these identities. Past research has demonstrated that associations among sex, gender, 

socioeconomic status, and sleep behavior varied across ethnicities (Grandner et al., 2010; Marczyk Organek 

et al., 2015), such as sleep duration differences between Hispanic, White, and Asian males but, in females, 

sleep duration was only different between African American and White participants (Marczyk Organek et al., 

2015). This is also aligned with research demonstrating that intersectionality informs experiences such as 

discrimination or stressors encountered, with LGBTQ+ people of color reporting more discrimination than 

their White counterparts, for instance (Medina & Mahowald, 2023). 

Clinical implications 

 As this study is correlational, further experimental work is needed to determine causality. That being 

said, these findings may still inform clinical intervention in a number of ways. First, inferences may assist in 

narrowing down of the most effective point of intervention. Urgency’s daily associations with sleep quality but 

not with sleep-wake rhythms suggest that monitoring and addressing sleep quality may benefit emotional 

impulsivity both short-term and long-term, but that regulating sleep-wake rhythms may be more impactful 

long-term than short-term. This study also suggests that while both sleep quality and urgency predicted one 

another on a daily scale, sleep quality may be the stronger point of intervention than emotional impulsivity in 

curtailing negative downstream effects of these transdiagnostic risk factors. In other words, prioritizing sleep 

hygiene may be an effective way to improve emotional impulsivity as well as subsequent additional 

impairments resulting from both sleep (e.g., concentration issues) and urgency (e.g., interpersonal conflict). 

Furthermore, regulating sleep is a core component of several recommended evidence-based treatments for 

bipolar disorder (Harvey et al., 2015; Malhi et al., 2020), such as interpersonal and social rhythm therapy 

(IPSRT) (Frank et al., 2000). Findings of the present study suggest that this type of intervention may be most 

relevant for individuals who have been diagnosed with bipolar disorder as opposed to subclinical high-risk 

populations. 
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Conclusion 

 This line of research is of particular importance given the wealth of literature implicating both sleep 

health and urgency in negative mental health outcomes, especially bipolar disorder; sleep health is 

especially critical to health outcomes in adolescents and young adults. Overall, results of the present study 

suggest that urgency has robust short-term and long-term associations with sleep quality, but associations 

with sleep-wake rhythms may only be long-term and require further clarification. Important future directions 

include investigation of these associations in samples that include both greater variability in risk for bipolar 

disorder and participants with bipolar disorder, exploration of additional moderators of individual differences 

in these associations, and further examination of temporal dynamics. 
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Tables and Figures 

Table 1. Demographic information. 

Variable N = 495 Variable N = 495 
Race and Ethnicity  Parental Education  
White 265 (54%) Graduate/Professional school 205 (41%) 
Biracial or multiracial 113 (23%) BA or BS (4-year college degree) 152 (31%) 
East Asian 37 (7.5%) High school graduate 27 (5.5%) 
Southeast Asian 21 (4.2%) Some graduate or professional school 27 (5.5%) 

African American 18 (3.6%) AA degree (2-year college) 19 (3.8%) 
Hispanic 15 (3.0%) Some college 19 (3.8%) 
South Asian 11 (2.2%) No response 14 (2.8%) 
Middle Eastern 7 (1.4%) Some vocational/technical school 13 (2.6%) 
No response 3 (0.6%) GED (high school equivalency diploma) 7 (1.4%) 
Pacific Islander 2 (0.4%) Some high school 7 (1.4%) 
African 1 (0.2%) 8th grade or less 4 (0.8%) 
Native American 1 (0.2%) Age  
Another race and/or ethnicity 1 (0.2%) Mean (SD) 20.26 (1.33) 
Gender  Range 18, 23 
Cisgender female 224 (45%) Urgency  
Cisgender male 207 (42%) Mean (SD) 13 (15) 
Nonbinary, gender queer, or gender 
nonconforming 

42 (8.5%) Range 0, 64 

Transgender male 15 (3.0%) Sleep Quality  
Transgender female 5 (1.0%) Mean (SD) 2.24 (0.57) 
Nongendered 1 (0.2%) Range 1.00, 4.52 
Sexual Orientation  Sleep Duration (hours)  
Heterosexual 254 (52%) Mean (SD) 8.65 (0.02) 
Bisexual 88 (18%) Range 3.5, 17.0 
Multiple sexual identities  58 (12%) Hypomanic Personality Scale (HPS)  
Lesbian/gay 42 (8.6%) Mean (SD) 2.87 (0.64) 
Queer 19 (3.9%) Range 1.07, 4.80 
Pansexual 12 (2.4%)   
Questioning 9 (1.8%)   
Asexual 4 (0.8%)   
Demisexual 2 (0.4%)   
No response 2 (0.4%)   

Note. Counts and percentages are shown for categorical variables (race, gender, sexual orientation, parental 
education), and means and standard deviations are shown for continuous variables (age, urgency, sleep 
quality, sleep duration, HPS). Ranges are included below continuous variables. 
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Table 2a. Results of confirmatory analyses for urgency and sleep quality. 

Sleep quality predicting next-day urgency 

nobs  = 13,823 b S.E. p LCL UCL Variance S.D. 
Fixed effects        

Intercept 0.59 0.03 < 0.001 0.53 0.64   
Within-person sleep quality 0.03 0.005 < 0.001 0.02 0.04   

Between-person sleep quality 0.28 0.03 < 0.001 0.22 0.34   
Between-person bipolar risk 0.13 0.03 < 0.001 0.07 0.18   

Within-person sleep quality X Bipolar risk 0.01 0.005 0.05 0.009 0.02   
Between-person sleep quality X Bipolar 

risk 
0.05 0.03 0.11 -0.01 0.10   

Random effects        
Intercept      0.33 0.57 

Within-person sleep quality      0.003 0.05 
Residual      0.20 0.45 

 
Urgency predicting sleep quality that night 

nobs  = 10,445  b S.E. p LCL UCL Variance S.D. 
Fixed effects        

Intercept 0.94 0.01 < 0.001 0.92 0.96   
Within-person urgency (previous day) 0.008 0.003 0.01 0.002 0.01   

Between-person urgency 0.10 0.01 < 0.001 0.09 0.12   
Between-person bipolar risk 0.02 0.01 0.05 -0.0001 0.04   

Within-person urgency X Bipolar risk 0.004 0.003 0.29 -0.003 0.01   
Between-person urgency X Bipolar risk -0.004 0.01 0.68 -0.02 0.02   

Random effects        
Intercept      0.03 0.18 

Within-person urgency      0.0003 0.02 
Residual      0.09 0.30 
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Table 2b. Results of confirmatory analyses for urgency and sleep midpoint irregularity. 

Sleep midpoint irregularity predicting next-day urgency 

 nobs  = 6,621 b S.E. p LCL UCL Variance S.D. 
Fixed effects        

Intercept 0.75 0.07 < 0.001 0.61 0.89   
Within-person midpoint irregularity 0.005 0.006 0.37 -0.01 0.02   

Between-person midpoint irregularity -0.19 0.07 0.01 -0.33 -0.04   

Between-person bipolar risk 0.26 0.07 < 0.001 0.12 0.41   

Within-person midpoint irregularity X 
Bipolar risk 

0.01 0.01 0.20 -0.004 0.02   

Between-person midpoint irregularity X 
Bipolar risk 

-0.11 0.07 0.13 -0.26 0.03   

Random effects        

Intercept      0.40 0.63 

Residual      0.13 0.36 

 
Urgency predicting sleep midpoint irregularity that night 

 nobs  = 4,707 b S.E. p LCL UCL Variance S.D. 
Fixed effects        

Intercept 0.49 0.01 < 0.001 0.46 0.51   

Within-person urgency -0.0007 0.01 0.96 -0.03 0.03   

Between-person urgency 0.005 0.01 0.70 -0.02 0.03   

Between-person bipolar risk -0.004 0.01 0.77 -0.03 0.02   

Within-person urgency X Bipolar risk 0.006 0.01 0.68 -0.02 0.03   

Between-person urgency X Bipolar risk -0.002 0.01 0.91 -0.03 0.03   

Random effects        

Intercept      < 0.001 < 0.001 

Residual      0.79 0.89 
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Table 2c. Results of confirmatory analyses for urgency and sleep duration irregularity. 

Sleep duration irregularity predicting next-day urgency 

 nobs  = 6,621 b S.E. p LCL UCL Variance S.D. 
Fixed effects        

Intercept 0.30 0.07 < 0.001 0.17 0.44   

Within-person duration irregularity 0.005 0.005 0.32 -0.005 0.02   

Between-person duration irregularity 0.31 0.07 < 0.001 0.17 0.44   

Between-person bipolar risk 0.11 0.07 0.11 -0.02 0.24   

Within-person duration irregularity X 
Bipolar risk 

0.007 0.005 0.19 -0.003 0.02   

Between-person duration irregularity X 
Bipolar risk 

0.05 0.06 0.46 -0.08 0.17   

Random effects        

Intercept      0.39 0.62 

Residual      0.13 0.36 

 
Urgency predicting sleep duration irregularity that night 

nobs  = 4,707  b S.E. p LCL UCL Variance S.D. 
Fixed effects        

Intercept 0.51 0.01 < 0.001 0.49 0.54   
Within-person urgency -0.01 0.01 0.39 -0.04 0.01   

Between-person urgency -0.002 0.01 0.90 -0.03 0.02   
Between-person bipolar risk 0.008 0.01 0.54 -0.02 0.04   

Within-person urgency X Bipolar risk -0.03 0.01 0.02 -0.06 -0.004   
Between-person urgency X Bipolar risk -0.01 0.01 0.44 -0.04 0.02   

Random effects        
Intercept      < 0.001 < 0.001 
Residual      0.81 0.9 

 
Note. All coefficients are standardized. LCL = lower confidence limit; UCL = upper confidence limit.  
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Figure 1. Bivariate correlations between variables of interest. 

 
Note. HPS = Hypomanic Personality Scale. ***p < 0.001, **p < 0.01, *p < 0.05 
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Figure 2. Standardized coefficients for confirmatory analyses. 

 

 
Note. Standardized coefficients for results of confirmatory analyses. Figures on the top depict the within- and 
between-person effects of each sleep variable predicting urgency. Figures on the bottom depict the within- 
and between-person effects of urgency predicting each sleep variable. Error bars capture 95% confidence 
intervals. 
 


