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Abstract

Given the significant heterogeneity of alcohol use disorder (AUD) and the increasing priority 

to understand individual profiles of AUD, pursuing symptom-level examinations of AUD is 

important. Disturbances in sleep and circadian rhythms have demonstrated robust associations 

with alcohol consumption and AUD, yet little research has examined these associations at the 

symptom- or problem-levels and research to date has focused on one or two sleep/circadian 

characteristics. We sought to investigate the associations between (a) specific AUD symptoms and 

(b) domains of alcohol-related problems, and multiple sleep characteristics, collected at a daily 

level in the naturalistic environment. Young adult drinkers were recruited from the community 

(N=159, Mage=23.9, 58.5% female, 6.3% Asian, 35.9% Black or African American, 51.6% 

White, 5.0% multiracial) and completed a baseline visit as well as up to 18 days of naturalistic 

assessment. Several sleep/circadian characteristics, including eveningness, later midsleep timing, 

and shorter total sleep time, were consistently associated with the hazardous use symptom, above 

and beyond alcohol consumption. Eveningness (beta[SE]=0.21[0.00], p <.01) was a significant 

predictor of the alcohol-related problem domain of role interference. Exploratory analyses did 

not find significant associations between sleep/circadian characteristics and cannabis-related 

problems. The relationship between sleep/circadian characteristics and AUD and related problems 

may be driven by a narrower set of symptoms, such as hazardous use and role interference. 

This may be due to shared mechanistic dysfunction in domains such as reward processing or 

cognitive control. Thus, these alcohol-related symptoms and problems may be addressed through 

transdiagnostic treatment approaches that target these underlying mechanisms.
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Approximately 14.8 million United States citizens aged 12 and older met criteria for 

alcohol use disorder (AUD) in 2018 (Lipari & Park-Lee, 2019). Yet, treatments demonstrate 

only modest efficacy (Witkiewitz et al., 2019). This is likely in part a result of the 

profound phenotypic heterogeneity of AUD (Litten et al., 2015). To better understand 
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AUD heterogeneity, it is imperative to study risk factors for specific AUD symptoms and 

alcohol-related problems. Sleep and circadian characteristics show consistent relationships 

with alcohol use, AUD, and problems (Hasler & Pedersen, 2020; Miller et al., 2020) but 

have yet to be studied with respect to specific AUD symptoms or problems. Identifying 

modifiable risk factors, such as specific sleep characteristics, for specific AUD symptoms 

and problems may help enhance personalized medicine approaches by targeting factors 

specific to distinct types of problems, rather than assuming homogeneity of AUD. Moving 

away from studying AUD at the diagnosis, or aggregate, level may therefore be a key 

next step in improving treatment efficacy. Towards this aim, the current study examines 

sleep/circadian characteristics as risk factors for specific AUD symptoms, alcohol problem 

domains, and cannabis problem domains in a sample of young adults who use alcohol.

A range of individual differences in sleep and circadian rhythms have demonstrated robust 

associations with alcohol consumption and AUD (Chakravorty et al., 2016; Hasler et al., 

2012; Hasler & Pedersen, 2020; Miller et al., 2020). For example, difficulty sleeping, shorter 

sleep duration, and later sleep/circadian timing are associated with alcohol consumption, 

AUD onset, and alcohol-related problems in cross-sectional (McKnight-Eily et al., 2011; 

Sivertsen et al., 2015) and longitudinal research (Hasler et al., 2017; Miller et al., 2017; 

Wong et al., 2004) across a range of developmental periods. There are two major limitations 

of this work. First, research to date has almost entirely examined AUD at the diagnosis 

level or general alcohol problems, rather than at the symptom-level or specific problem 

domains. Second, research has tended to focus on one or two sleep characteristics in 

isolation (e.g., difficulty sleeping), rather than multiple sleep characteristics, consistent with 

the multidimensional nature of sleep (Buysse, 2014).

A robust preclinical and clinical literature suggests that sleep and circadian processes, such 

as a tendency towards later sleep/circadian timing (“eveningness”) and/or insufficient sleep, 

modulate reward-related behaviors and their underlying physiological processes (Hasler 

& Pedersen, 2020; Logan et al., 2018). Thus, individuals with a circadian preference for 

eveningness might also be at a higher risk for experiencing AUD symptoms and problems 

that index reward dysregulation, such as incentive salience or greater delay discounting 

(Boness et al., 2021; Hasler et al., 2019). This could include symptoms and problems related 

to craving, giving up/reducing important activities to use, a failure to fulfil role obligations 

due to use, spending a significant amount of time obtaining, using, or recovering from 

drinking, continued use despite social/interpersonal harm, and recurrent use in hazardous 

situations (Boness et al., 2021).

In addition to reward-related processes, mechanistic pathways linking sleep/circadian 

disturbances and AUD may also involve negative emotionality. For example, sleep 

characteristics (e.g., insomnia) predict negative emotionality (e.g., anxiety/depression), 

which subsequently predict AUD (Baglioni et al., 2011; Hardee et al., 2018; Taylor & 

Hasler, 2018). In addition, alcohol is often used to reduce anxiety, suggesting a process of 

negative reinforcement related to the alleviation of negative emotions (e.g., Boness et al., 

2021; Hasler & Pedersen, 2020; Kushner, 2000). Alcohol may be especially reinforcing for 

individuals with sleep/circadian disturbances due to larger reductions in anxiety (Hasler 

& Pedersen, 2020). For example, individuals with insomnia exhibit relatively greater 
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reductions in tension, as well as sleep benefits, after alcohol use compared to individuals 

without insomnia (Roehrs, 1999). As such, we might expect individuals with insomnia-

related sleep disturbances, such as longer sleep onset latency or greater wake after sleep 

onset, to be at higher risk for experiencing AUD symptoms and problems indexing processes 

such as drinking to alleviate negative emotions or withdrawal (Babson et al., 2017; Boness et 

al., 2021).

Finally, cognitive control, or executive function are also relevant to both sleep/circadian 

disturbances and AUD. Included within the domain of cognitive control are mechanisms 

such as conscientiousness, impulsivity, and response inhibition (Boness et al., 2021; Kwako 

et al., 2016). For example, sleep/circadian factors, such as later sleep/circadian timing and 

less sleep are related to higher impulsivity (McGowan & Coogan, 2018) and also predict 

alcohol consumption and related problems (Dick et al., 2010; Stautz & Cooper, 2013). 

Accordingly, it might be that individuals with later sleep timing and less total sleep time 

would be at higher risk for experiencing AUD symptoms and problems that index impulsive 

behaviors such as hazardous use (e.g., drinking and driving), drinking more or longer than 

intended, and drinking despite physical or psychological problems (Boness et al., 2021; 

Logan et al., 2018; Treloar et al., 2012).

The current project serves as a preliminary step towards addressing an important gap in the 

literature by investigating the associations between multiple sleep indices and (a) specific 

AUD symptoms and (b) domains of alcohol-related problems. Sleep indices capturing 

variation in timing, duration, and continuity were collected both at a daily level in the 

naturalistic environment and through global self-report. Hypothesized associations based on 

shared mechanisms are reflected in Supplemental Figure 1. As an exploratory analysis, we 

also examined associations between sleep indices and cannabis-related problem domains 

given sleep and circadian characteristics, such as eveningness and later sleep timing, may be 

associated with cannabis involvement, including onset of use and problems (Babson et al., 

2017; Hasler et al., 2017; Winiger et al., 2019, 2020; Wong et al., 2019).

1. Method

1.1 Participants

The current project combined data from two ongoing alcohol administration studies. Data 

was collected prior to the onset of COVID-19 (March 2020). Given overlap in methods, 

the samples are described as one and differences are noted when applicable. Participants 

were recruited via posted flyers, word of mouth, internet advertisements, and through a 

research registry. Potential participants underwent a phone screening to determine initial 

eligibility. As a function of following guidelines for ethical alcohol administration (National 

Institute on Alcohol Abuse and Alcoholism, 2005) and study aims, individuals currently 

abstaining from alcohol or in treatment for alcohol or substance use problems were 

excluded. Additionally, any individuals who had reported prior adverse reactions to alcohol, 

had a current or past diagnosis of bipolar I/II disorder or a psychotic disorder, reported past 

head injury with loss of consciousness >5min., were pregnant or breastfeeding, weighed 

over 300 pounds, or were taking medications contraindicated with alcohol or would affect 

alcohol response (e.g., benzodiazepines; SSRIs, SNRIs, and birth control were allowed). 
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Participants were required to be between 21 and 30 years of age and engage in weekly or 

more alcohol use. There were additional study specific exclusion criteria. One study, focused 

on sleep and alcohol use and excluded most sleep disorders (i.e., narcolepsy, restless legs 

syndrome, REMS sleep disorder, current night shift work). Current insomnia disorder and 

delayed sleep phase disorder were not exclusionary given aims of the study to examine the 

role of sleep timing, duration, and efficacy in relationship to alcohol outcomes. The other 

study was focused on inequities in alcohol problems and excluded individuals who did not 

identify their race as Black or African American or White or European American.

1.2 Study Design

Both studies were approved by the University of Pittsburgh Institutional Review Board. 

Participants completed a baseline session (compensated $50.00) that assessed alcohol 

and cannabis problems, circadian preference, and psychiatric illnesses including past 12-

month AUD (assessed via semi-structured interview). Following this session, participants 

completed the additional components of the research protocols (e.g., within-subjects alcohol 

administration, ecological momentary assessment protocol, sleep lab visit [one study]) as 

well as a 6- and 12- (one study) month follow-up.

The ecological momentary assessment (EMA) protocol was comprised of 17 consecutive 

days or two 9-day runs (18 days total), depending on the study, and completed on each 

participant’s personal smartphone or a study-provided smartphone. EMA prompts were sent 

four times per day via automated text messages; sleep diaries were included in the first 

EMA prompt sent 15 minutes after habitual wake time (and 2nd daily prompt if the morning 

prompt was not completed). Participants had 40 minutes to complete the assessment and 

received two reminder text messages 10 and 20 minutes after the first text prompt was 

sent. Participants could earn up to $10/day for the EMA component (≥3=$10.00; 2=$5.00; 

1=$2.50: one study: one completed prompt was required to be the morning assessment for 

full payment). Those who completed 85% or more of the EMA prompts received a bonus 

compensation of $55 or $56 depending on the study. Total possible payment was $225 in 

one study and $256 in the other for completing the EMA protocol.

1.3 Measures

1.3.1 Sociodemographic.—Sociodemographic characteristics (e.g., self-identified 

race, sex assigned at birth, gender identity) were collected at baseline.

1.3.2 Sleep and Circadian Characteristics.—Eveningness, a circadian preference 

for later sleep/activity timing, was assessed at baseline by reverse scoring the Composite 

Scale of Morningness (Smith et al., 1989) such that higher scores (possible range=0-55) 

indicate a greater preference for eveningness. Sleep onset latency, wake after sleep onset, 

midsleep timing, and total sleep time were assessed daily via EMA. Outcomes were 

aggregated within person across days to represent an overall person average. Sleep onset 

latency is the time from “lights out”, or trying to fall asleep, until sleep onset. Wake after 

sleep onset is the total duration of time awake between sleep onset and final wake time. 

Midsleep timing describes the midpoint between sleep onset and wake time and reflects a 
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measure of sleep timing. Total sleep time is the total duration of sleep through the night 

(duration from sleep onset to final wake time minus time awake).

1.3.3 Alcohol Use Disorder.—Past 12-month and lifetime AUD criteria from the 

Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (American 

Psychiatric Association, 2013) were assessed with the Structured Clinical Interview for 

DSM-5–Research Version (SCID-5-RV) (First et al., 2015) at baseline. For the current 

manuscript, we focus on past 12-month AUD criteria to evaluate the time period most 

proximal the assessment of sleep characteristics and to parallel the timeframe of the alcohol 

use problems. The SCID-5 assesses 11 criteria: (1) drinking more or longer than intended 

(larger/longer); (2) persistent desire or unsuccessful attempts to cut down or control alcohol 

use (quit/cut down); (3) a great deal of time spent obtaining, using, or recovering from 

alcohol (time spent); (4) craving or a strong desire to use alcohol (craving); (5) failure 

to fulfill role obligations due to recurrent alcohol use (failure to fulfill); (6) continued 

alcohol use despite social or interpersonal problems (social/interpersonal); (7) important 

activities given up or reduced because of alcohol (give up); (8) recurrent use in hazardous 

situations (hazardous use); (9) continued alcohol use despite physical or psychological 

problem that is caused or made worse by alcohol (physical/psychological); (10) alcohol 

tolerance (tolerance); and (11) alcohol-related withdrawal (withdrawal). Participants who 

scored a 2 or higher on a given criterion were coded as “1” to indicate this symptom was 

present in the past 12 months (otherwise coded “0” to indicate absent or subthreshold). See 

Supplemental Table 1 for symptom base rates.

1.3.4 Alcohol-Related Problems.—The 27-item Young Adult Alcohol Problems 

Screening Test (YAAPST) (Hurlbut & Sher, 1992) assessed past 12-month alcohol-related 

problems at baseline. Items (e.g., “Have you gotten into physical fights when drinking”) 

were scored a “1” if participants reported experiencing the event at least once in the past 

year (otherwise coded “0”). For the current study, nine items were dropped due to low 

endorsement (<2.5%). Two factors were indicated by exploratory factor analysis (EFA; see 

Supplemental Table 2) of the remaining 18 items in the full baseline sample (N=192). Items 

with loadings <.3 or that cross-loaded (>.3) on the other factor were removed, resulting in 

12 items. Confirmatory Factor Analysis using the WLSMV estimator was then conducted, 

yielding domains of hazardous use/impairment and role interference (see Supplemental 

Table 3). Factor scores for each domain were used as dependent variables in analyses.1

1.3.5 Cannabis-Related Problems.—The 29-item Marijuana Problems Inventory 

(Vandrey et al., 2005) assessed past 12-month cannabis-related problems at baseline. Items 

(e.g., “Had trouble thinking clearly in everyday activities”) were scored a “1” if participants 

reported experiencing the event at least once in the past year. For the current study, two 

items were excluded due to irrelevance to the current sample given that not everyone was 

in school (i.e., “Not able to do your homework or study for a test” and “Felt that you had 

a problem with school”) and eight additional items were dropped due to low endorsement 

(<2.5%). Two factors were indicated by EFA of the remaining 19 items in the full baseline 

1Factor scores were based on 11 of the 12 items included in the confirmatory factor analysis because, although model fit was 
acceptable with the 12 items, one item loaded <.3 (see Supplemental Table 3).
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sample (N=192; see Supplemental Table 4). Items with loadings <.3 or that cross-loaded 

(>.3) on the other factor were removed, resulting in 14 items. Confirmatory Factor Analysis 

using the WLSMV estimator was then conducted, yielding problem domains of role 

interference/dependence and physical/psychological problems (see Supplemental Table 5). 

Factor scores for each domain were used as dependent variables in analyses.2

1.3.6 Consumption.—Alcohol consumption was assessed with six items indexing past 

12-month frequency of use, quantity of use, frequency of drunkenness, frequency of 4+ 

(female)/5+ (male) drinks in a two-hour period, maximum quantity of drinks in a 24-

hour period, and frequency of maximum quantity. Factor scores were estimated for each 

participant to index a “heaviness of consumption” composite (α=0.82, ω=0.60). Cannabis 

consumption was assessed with a single item indexing past 12-month frequency of use on a 

12-point scale from “Not at all” to “Several times a day”.

1.4 Analytic Strategy

We estimated the associations between each of the sleep and circadian characteristics and 

(1) each of the 11 AUD criteria and (2) the two primary alcohol-related problem domains 

(hazardous use/impairment and role interference). As a secondary aim, we also estimated 

associations between the sleep and circadian characteristics and cannabis-related problem 

domains (role interference/dependence and physical/psychological). Each model included 

study (1 or 2), alcohol or cannabis consumption (described in Methods), age (continuous), 

sex assigned at birth (male or female), race (dummy codes for White, Black, or Mixed 

additional marginalized racial or ethnic identities), and past-year income as covariates given 

known sex differences in metabolism of substances, differences in patterns of consumption 

associated with age, and inequities in AUD, alcohol problems, cannabis problems and 

sleep for individuals who identify as Black or African American. Regression analyses were 

performed using the R’s lm() function in the stats package (R Core Team, 2020). We 

corrected for multiple comparisons for a given outcome by dividing by the number of 

models (e.g., p<.05/5[separate sleep outcomes]=pcorrected<.01) (Dunn, 1961).

2. Results

2.1 Sample

Participants were 192 young adults who reported drinking weekly or more. Of these, 

159 completed the EMA protocol and were included in the current subsample. Sample 

characteristics are reported in Table 1.

2.2 Sleep and Alcohol Use Disorder Criteria (Figure 1, Supplemental Table 6)

Several sleep/circadian characteristics were consistently associated with the hazardous use 

criterion, above and beyond alcohol consumption. Eveningness (OR=1.16, 95%CI=1.03, 

1.32), later midsleep timing (OR=3.37, 95%CI=1.46, 9.40), and shorter total sleep time 

(OR=2.83, 95%CI=1.28, 7.46) were all predictive of the likelihood of endorsing hazardous 

2One of the 14 items was excluded from the confirmatory factor analysis due to negative variance. Additionally, although model fit 
was acceptable, a second item included in the confirmatory factor analysis was removed from the estimation of factor scores because it 
loaded <.3 in the confirmatory model (see Supplemental Table 5). Factor scores were therefore estimated from 12 items.
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use. Later midsleep timing predicting an increased likelihood of endorsing hazardous use 

survived correction for multiple comparisons. Sleep onset latency and wake after sleep onset 

did not demonstrate any significant associations with AUD criteria.

2.3 Alcohol-Related Problems (Figure 2, Supplemental Table 7)

Eveningness (beta[SE]=0.21[0.00], p<.01) was a significant predictor of alcohol-related role 

interference (see Figure 2, Supplemental Table 7). The association remained after correcting 

for multiple comparisons. There were no other significant relationships between sleep and 

circadian characteristics and hazardous use/impairment or role interference.

2.4 Cannabis-Related Problems

There were no significant relationships between sleep and circadian characteristics and 

the role interference/dependence or physical/psychological problem domains (see Figure 3, 

Supplemental Table 8).

3. Discussion

Given that significant heterogeneity among SUDs may limit the ability to effectively treat 

them, there is an increasing need to better understand risk for specific symptoms or aspects 

of addiction. Towards this aim, we sought to examine associations between sleep/circadian 

characteristics and specific AUD symptoms and alcohol-/cannabis-related problems. To 

our knowledge, this is the first examination of AUD and alcohol/cannabis problem-level 

associations with a range of sleep/circadian characteristics measured at both daily and global 

levels. We found that certain sleep/circadian characteristics may be uniquely related to 

indicators of hazardous use (e.g., risky behavior while drinking) and role interference over 

and above quantity and frequency of alcohol consumption. Our findings demonstrate the 

importance of examining specific alcohol-related problems and AUD criteria to identify 

underlying mechanisms between sleep and alcohol-risk and can further tailor treatments.

Sleep/circadian characteristics, particularly later midsleep timing, relating to hazardous use, 

while accounting for level of alcohol consumption, highlights the possibility that behaviors 

people engage in while drinking may be particularly affected by sleep. This could be 

partially driven by sleep and circadian factors altering reward sensitivity (Logan et al., 2018) 

and/or decreasing cognitive control (Kusztor et al., 2019; Logan et al., 2018). Alcohol has 

been shown to increase disinhibition (see Boness et al., 2021) and eveningness is associated 

with greater state-level impulsivity, including urgency (Hasler et al., 2022). Providing further 

support for the role of reward-related dysfunction in sleep and AUD is work demonstrating 

associations between (a) greater eveningness and altered neural activity to reward as well 

as greater alcohol use (Hasler, Casement, et al., 2017; Hasler et al., 2013) and (b) later 

midsleep timing and increased sensitivity to the stimulating effects of alcohol (Hasler et 

al., 2019). Additional research examining sleep characteristics as predictors of individual 

differences in the sensitivity to the disinhibiting effects of alcohol is needed.

Cognitive control’s involvement in these associations is also consistent with previous 

research suggesting an association between sleep/circadian characteristics, such as later 

midsleep timing and impulsivity (McGowan & Coogan, 2018). Impulsivity is also a well-
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established correlate of risky or hazardous alcohol use (Hamilton et al., 2012; Stautz & 

Cooper, 2013), and may interact with negative emotionality (negative urgency) or reward 

mechanisms (positive urgency) in sleep-AUD pathways (Hasler & Pedersen, 2020; Le et al., 

2022).

Eveningness was also associated with alcohol-related role interference. Greater eveningness 

may confer risk for role interference, such as showing up late to work, and neglecting 

obligations because of altered reward response (Hasler et al., 2013) or lack of planning 

(Hasler et al., 2022), which may result in people choosing to continue drinking rather than 

considering future responsibilities that they might be required to complete (e.g., work the 

next day). Incorporating measures of delay discounting could further test this possibility.

While the current results are unable to examine the directionality of the associations 

between sleep/circadian characteristics and AUD/problems, they suggest that it may be 

useful to intervene on such shared mechanisms with transdiagnostic interventions. For 

example, mindfulness-based interventions are thought to modify core cognitive, emotional, 

neural, physiological, and behavioral processes implicated in psychopathology, including 

reward and cognitive control processes (Garland, 2016; Garland & Howard, 2018; Ie et al., 

2014). Thus, transdiagnostic interventions, such as mindfulness-based interventions, may be 

effective in reducing both sleep/circadian disturbances and hazardous use by acting on their 

shared reward and cognitive control processes.

A major limitation of this research is that it cannot shed light on causality. We are unable 

to determine whether sleep/circadian characteristics increased the risk of hazardous use, 

whether hazardous use impacted sleep/circadian characteristics, or whether these occurred 

jointly due to underlying mechanisms (e.g., disrupted reward processes, impulsivity). In 

addition, due to relatively low base rates of AUD symptoms and alcohol-/cannabis-related 

problems in the current sample, we were unable to examine differential associations by 

individual characteristics such as sex and race. Future examinations should prioritize this 

especially in light of research suggesting that there are sex differences in alcohol-related 

sensitivity (Miller et al., 2009) and sleep characteristics (Knutson et al., 2010; Roenneberg 

et al., 2007) as well as racial differences in associations between midsleep timing and 

sensitivity to the stimulating effects of alcohol (Hasler et al., 2019). Low base rates also 

resulted in imprecise estimates, leading to large standard errors and confidence intervals in 

some instances. While we expect these estimates to stabilize in a clinical sample focused 

on individuals with an AUD, future research on this topic is needed. With a larger sample, 

there may also be sufficient power to examine models with all sleep/circadian characteristics 

in the same model to examine the predominant predictors of AUD symptoms and related 

problems that emerge. Last, because this study relied on self-reported sleep and circadian 

preference, future research should use objective measures of sleep (e.g., wrist actigraphy) 

and circadian timing (e.g., dim light melatonin onset) to better parse the role of sleep versus 

circadian factors in observed associations with AUD and related problems. In addition, it 

will be important for future work to include measures of sleep quality and daytime alertness 

to ensure full coverage of sleep as a multi-dimensional construct (Buysse, 2014).
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Taken together, these results suggest that the relationship between sleep/circadian 

characteristics and AUD and related problems may be driven by hazardous use. This 

provides further justification for the need to investigate symptom- and problem-level 

associations in addition to syndrome-level associations, which may obscure these more 

nuanced relationships and potentially important treatment targets. Greater consideration of 

sleep/circadian timing and duration may enhance treatment benefits for cognitive-behavioral 

sleep therapies in individuals with AUD exhibiting hazardous use; previous studies have 

consistently achieved benefits for sleep without clearly impacting alcohol use (Arnedt et al., 

2011; Miller, Donahue, et al., 2017). The current research therefore serves as an important 

step in understanding profiles of risk among those with AUD, and CUD, towards the future 

refinement and application of precision medicine approaches.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Logistic regression models predicting Alcohol Use Disorder (AUD) symptom endorsement. 

Error bars represent standard errors. Models for withdrawal and giving up activities would 

not converge and are not displayed. Other symptoms missing estimates are not displayed due 

to imprecise estimates, likely due to low base rate and/or skew in the dependent variables. 

Odds ratios (OR) for Total Sleep Time are inversed such that for each unit decrease in 

Total Sleep Time, there is an increased odd of endorsing a given symptom (if OR > 1). 

AUD symptoms include: (1) alcohol-related withdrawal (withdrawal); (2) alcohol tolerance 

(tolerance); (3) a great deal of time spent obtaining, using, or recovering from alcohol (time 

spent); (4) important activities given up or reduced because of alcohol (give up); (5) craving 

or a strong desire to use alcohol (craving); (6) persistent desire or unsuccessful attempts to 

cut down or control alcohol use (quit/cut down); (7) drinking more or longer than intended 

(larger/longer); (8) continued alcohol use despite social or interpersonal problems (social 

problems); (9) recurrent use in hazardous situations (hazardous use); (10) continued alcohol 

use despite physical or psychological problem that is caused or made worse by alcohol 

(physical/psychological); (11) failure to fulfill role obligations due to recurrent alcohol use 

(failure to fulfill). Full estimates reported in Supplemental Table 4. * = significant at p<.05 

level; † = no longer significant after Bonferroni correction (p<.05/5 sleep outcomes = .01).
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Figure 2. 
Sleep and circadian characteristics predicting alcohol-related problem domains. Models 

control for data set, alcohol consumption, age, sex, race, and income (N = 159). Bars 

represent standard errors. * = significant at p<.05 level and after Bonferroni correction 

(p<.05/5 sleep outcomes = .01).
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Figure 3. 
Sleep and circadian characteristics predicting cannabis-related problem domains. Models 

control for data set, cannabis consumption, age, sex, race, and income (N = 159). Bars 

represent standard errors.
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Table 1

Overall characteristics of full sample (N = 159)

Characteristic n % M SD range

Demographics

Age 23.94 2.84 21-30

Sex assigned at birth (female) 96 60.38

Gender

   Female 93 58.49

   Male 63 39.62

   Nonbinary 2 1.55

Racial identity

   Asian 10 6.29

   Black or African American (only) 57 35.85

   Multiracial* 8 5.03

   White (only) 82 51.57

Hispanic or Latinx 5 3.14

Household income $ 25,974.84 $ 22,627.82 $10,000-$125,000

Sleep Characteristics

   Eveningness** 19.99 7.55 1.00-38.00

   Midsleep (24-hour clock time) 4:31 1:07 1:59-7:08

   Sleep onset latency (hours) 0.26 0.22 0.01-1.25

   Total sleep time (hours) 7.56 0.99 5.38-11.98

   Wake after sleep onset (hours) 0.12 0.18 0.00-1.67

Substance-Related Characteristics

   Alcohol use disorder diagnosis 30 18.87

   Alcohol-related problems 3.87 3.13 0.00-23.00

   Cannabis-related problems     1.72 3.12 0.00-15.00

Other Psychopathology

   Major depressive disorder (past 30 days) 3 1.89

   Generalized anxiety disorder (past 12 months) 11 6.92

   Social anxiety disorder (past 12 months) 4 2.52

   Panic disorder (past 12 months) 3 1.89

   Obsessive compulsive disorder (past 12 months) 0 0.00

   Posttraumatic stress disorder (past 12 months) 4 2.52

Note.

*
= participant indicated “mixed racial background” or selected more than one race (i.e., biracial or multiracial).

**
The Composite Scale of Morningness was reverse-scored such that higher scores now indicate greater eveningness.
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