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Abstract

Background and Aims: The simultaneous use of alcohol and cannabis (“simultaneous alcohol 

and marijuana [SAM] use”) is common among young adults and associated with negative 

substance-related consequences. SAM use may be tied to fluctuating mood states such as negative 

affect and individual characteristics including trait level of anxiety and sex. However, little is 

understood about their collective role. In this study, we sought to understand the daily link 

between SAM use and negative affect and whether this link might differ by both trait anxiety and 

sex.

Method: Participants were 154 young adults (57.8% female, 72.7% White, M age = 20.2) who 

completed baseline surveys on trait anxiety symptoms and up to 14 consecutive daily surveys on 

their substance use and affective states.

Results: Multilevel models tested for associations of type of substance use day (i.e., alcohol-only 

days, cannabis-only days, and no use days relative to SAM use days) with next-day negative 

affect. Three-way and lower order interactions were tested for substance use day type, anxiety, 

and sex. Two three-way interactions between cannabis-only days, anxiety, and sex and between 

alcohol-only days, anxiety, and sex emerged such that SAM use was associated with greater next­
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day negative affect relative to single substance use days particularly among female participants 

with elevated anxiety.

Conclusions: Anxiety and sex are salient factors in the link between SAM use relative to 

single-substance use and daily negative affect. Study findings reinforce the need to account for all 

of these factors in order to develop maximally efficacious substance use interventions.
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Young adult substance use patterns have shifted in recent years. While rates of heavy 

drinking have plateaued or declined, rates of regular cannabis use have increased among 

individuals in this age group (Schulenberg et al., 2020). Historical changes have also been 

observed for the way in which young adults use alcohol and cannabis. Combining alcohol 

and cannabis such that the effects of both substances overlap – or simultaneous alcohol and 

marijuana (SAM) use – is reported by 30% of adult drinkers in their early 20s and is on 

the rise among early- and mid-young adults who use alcohol (Terry-McElrath & Patrick, 

2018). Individuals who report SAM use tend to engage in heavier substance use and tend to 

be at greater risk for negative consequences (e.g., Jackson et al., 2020; Linden-Carmichael 

et al., 2019; Midanik et al., 2007; Terry-McElrath et al., 2014; Yurasek et al., 2017). 

Recent diary work has extended between-person comparisons by conducting within-person 

comparisons of days when the same individual used only alcohol or only cannabis and 

days the same individual used both simultaneously, documenting poorer outcomes on SAM 

days such as heavier substance use (Lee et al., 2020) and increased risk for acute harms 

(Linden-Carmichael et al., 2020; Sokolovsky et al., 2020). While examining the role of 

SAM use on level of substance use and acute harms is critical for identifying potentially 

higher-risk substance use days, far less attention has been placed on identifying day- and 

person-level factors associated with SAM use.

Numerous well-established theories including the self-medication hypothesis (Khantzian, 

1997), tension-reduction hypothesis (Conger, 1956), and motivational model of alcohol 

use (Cooper et al., 1995; Cox & Klinger, 1988), theorize a strong link between negative 

affect (NA) and substance use. These theoretical models posit that individuals may drink 

or use other substances to alleviate negative mood states. Indeed, in diary studies, affect 

is an established correlate of alcohol use at the within-person level among undergraduate 

student and community samples (e.g., Armeli et al., 2003; Bresin et al., 2018; Russell et 

al., 2020). Affect is also linked to cannabis use at the within-person level among diverse 

community samples and young adult medical outpatients (e.g., Buckner et al., 2015; Ross 

et al., 2018). A growing body of work evaluating existing theories such as the tension 

reduction hypothesis have examined the cyclical process in which using alcohol to cope is 

negatively reinforced (Baker et al., 2004; Hussong et al., 2001), documenting that NA may 

also increase following heavy substance use (e.g., Hussong et al., 2001). Gleaning from 

theoretical models of relapse prevention (Collins, 1993; Marlatt & Gordon, 1980, 1985), 

some individuals may experience a limit violation effect whereby they experience higher 

levels of NA following particularly heavy or excessive use occasions. Indeed, recent work 

examining substance use and next-day NA has found decreases in NA during/shortly after 
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using alcohol but increases in NA the following day (Cronce et al., 2020; Devenney et al., 

2019).

While the cyclical process of NA and substance use has been observed when studying 

heavy drinking occasions and next-day NA among social drinkers (e.g., Muraven et al., 

2005) and evening heavy drinking and cannabis use predicting next-day emotion regulation 

strategies (Weiss et al., 2017), limited work has examined the link between SAM use 

and NA. Of the limited work available, it appears that affect may be particularly tied 

to SAM use. Specifically, findings from a laboratory-based study of healthy volunteers 

revealed that alcohol and cannabis use can interact to alter mood at the within-person level, 

producing positive subjective mood states shortly after combining (Lukas & Orozco, 2001). 

Cross-sectional evidence concurs with these findings: broadly defined, polysubstance use 

is associated with poorer mental health, including anxiety (Morley et al., 2015). Although 

no studies have examined associations between anxiety and SAM use specifically, anxiety 

disorders often co-occur with alcohol and cannabis use disorders (Lai et al., 2015). Data 

from the National Alcohol Study revealed SAM use was strongly associated with increased 

odds of depression relative to heavy alcohol use alone, which was unassociated with 

depression (Midanik et al., 2007). In a recent diary study of community-recruited young 

adults, higher motivations of using substances to cope, such as to reduce anxiety, were 

associated with increased odds of within-person SAM use relative to alcohol use alone 

(Patrick et al., 2019). Although these findings may suggest that engagement in SAM use is 

perceived to acutely alleviate NA states, when assessed across a longer time scale SAM use 

may actually increase NA states relative to individual substances. This seems particularly 

likely given the other acute harms such as adverse physical effects (e.g., hangover), 

social-interpersonal consequences (e.g., arguments), and negative cognitive outcomes (e.g., 

blacking out) that have been documented to be more prevalent on SAM days relative to 

single-substance use days (Linden-Carmichael et al., 2020; Sokolovsky et al., 2020). The 

role of SAM use relative to individual substance use or no substance use has not yet been 

examined.

In investigating the association between SAM use and NA, it is also imperative to 

identify for whom the association between SAM use and NA is most salient. As noted, 

polysubstance use is associated with poorer mental health symptoms including anxiety 

(Morley et al., 2015) and may be a critical factor in the link between SAM use and NA. Trait 

anxiety in particular refers to an individual’s predisposition to experience anxious states, 

characterized by physiological arousal and feelings of apprehension, fear, nervousness, 

and tension (Spielberger, 1966). In addition to the strong association between trait and 

state anxiety, individuals with elevated trait anxiety also experience more general negative 

affective states such as anger, disgust, and guilt in daily life (Merz & Roesch, 2011). 

Drawing upon alcohol literature, trait anxiety has been shown to moderate the association 

between negative mood and alcohol use, such that higher trait anxiety levels were associated 

with greater decreases in nervousness after alcohol consumption (Swendsen et al., 2000). 

Trait anxiety may, therefore, exacerbate the daily links between SAM use and NA. Further, 

sex has also been observed as a significant moderator of the NA and alcohol use link, such 

that alcohol use was associated with lower NA in moments of distress, but only among 

female participants (Simons et al., 2017). Addressing for whom the link between SAM use 
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and NA is most relevant will aid in refining and targeting interventions for young adults who 

may be motivated to use substances to cope.

Current Study

The current study examined associations between SAM use and next-day NA. Using daily 

diary data, we contrasted level of NA on days when the same individuals reported no 

substance use, only alcohol use, only cannabis use, or SAM use. Aim 1 was to examine 

the association between SAM use and next-day NA. Given prior work suggesting that SAM 

days are associated with poorer next-day outcomes, it was hypothesized that NA would be 

higher following SAM days relative to no substance use days and other substance use days. 

Aim 2 sought to test trait anxiety and sex as moderators of the link between SAM use and 

next-day NA. We tested two-way interactions between type of substance use day (SAM 

vs. alcohol-only; SAM vs. cannabis-only; SAM vs. no substance use) and anxiety, and 

three-way interactions between type of use day, anxiety, and sex, predicting next-day NA. 

Drawing from separate lines of work indicating that the links among trait anxiety, day-level 

NA, and day-level substance use vary as a function of sex (e.g., Simons et al., 2017, 

Swendsen et al., 2000), we hypothesized that the association between SAM use and next-day 

NA would be stronger for individuals with higher trait levels of anxiety, particularly female 

participants.

Material and Methods

Participants and Procedure

Participants were young adults (ages 18–25) who reported past-month SAM use and past­

two-week binge drinking (4+/5+ drinks in one sitting for female/male participants) to ensure 

we would obtain enough reports substance use days across the two-week period to be 

powered for statistical analyses. Participants were recruited via flyers and a university online 

research database in the Northeastern region of the U.S., near a large, public university. 

Interested individuals completed a brief online screener to determine eligibility and, if 

eligible and consented to participate, were immediately invited to complete a baseline 

survey. After completing the baseline survey, participants were e-mailed instructions for 

completing the daily diary portion of the study.

Brief, daily online surveys were collected across 14 consecutive days in October 2018­

March 2019 in a state where recreational cannabis use was illegal. Participants were sent 

e-mail/text reminders to complete their survey at 9:00 AM regarding yesterday’s behaviors 

and today’s mood with 95% of daily surveys completed between 9:00 AM and 12:00 PM. 

Participants received up to $48 for completing the baseline and daily surveys. Compliance 

for the daily surveys was high with participants completing an average of 13.13 (SD = 

1.95) surveys per person. One hundred and sixty-one eligible participants completed the 

baseline survey. Only participants who completed 1+ daily survey were included in analyses 

(n = 154). Of our analytic sample, participants were primarily female (57.8%). M age 

was 20.24 (SD = 1.45) years. Regarding race/ethnicity, 72.7% of participants identified 

as Non-Hispanic/Latinx (NHL) White, 11.7% identified as NHL Asian, 6.5% identified 

as NHL Black, 3.3% identified as NHL multiracial, 3.9% identified as Hispanic/Latinx 
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White, and 2.0% did not report on their racial/ethnic identity. Regarding college status, 

88.3% were currently attending college and 11.7% were not currently attending or had never 

attended college. Additional details can be found in the description of the parent study 

(Linden-Carmichael et al., 2020).

Baseline Measures

Trait anxiety.—The Brief Symptom Inventory (BSI-18; Derogatis, 2001) assessed past­

two-week anxiety, depression, and somatic symptoms. Participants indicated how much 

each problem bothered or distressed them with responses ranging from 0 (not at all) to 

4 (extremely). The six-item anxiety subscale was used for the current study by summing 

scores across items such as “feeling fearful”, “feeling tense or keyed up,” or “nervousness or 

shakiness inside.” Cronbach’s α was 0.87.

Daily Measures

Type of substance use day.—Provided with a list of a wide range of substances, 

participants checked all substances they used the day prior. Days when participants did 

not indicate any substance use (including alcohol, cannabis, nicotine, etc.) were coded as 

non-substance use days. Days when participants reported alcohol use and no other substance 

use were coded as alcohol-only days. Days with cannabis use and no other substance use 

were coded as cannabis-only days. On days when participants reported alcohol and cannabis 

use, they were asked a follow-up question of, “Did you use alcohol and marijuana together 

at the same time, such that the effects overlapped?” Days when they positively endorsed this 

item were coded as SAM days1.

Negative affect.—Each day, participants were provided with the 20-item Positive and 

Negative Affect Schedule (Watson et al., 1988). Participants indicated the extent to which 

they currently experienced different feelings and emotions with responses ranging from 1 

(very slightly/not at all) to 5 (extremely). Ten items assessing NA (e.g., irritable, nervous) 

were summed to form the daily NA score (Cronbach’s α = 0.90).

Covariates.—Day of the week was included as a covariate: Thursday-Saturday were coded 

as weekend days (1); Sunday-Wednesday were coded as weekdays (0; e.g., Del Boca et al., 

2004). Person-specific proportions of cannabis-only and alcohol-only days were calculated 

as a ratio of the individual’s number of that type of substance use day relative to their total 

number of cannabis-only, alcohol-only, or SAM use days. Sex was coded as 0 = female, 1 = 

male.

Analytic Plan

Multilevel modeling was used to address both research aims as it accounts for 

nonindependence of observations and can accommodate unequal numbers of measurement 

occasions across individuals (Hox, 2010). First, we calculated descriptive statistics for 

1All other days (n = 189 days) were excluded. Specifically, days on which participants used only substances other than alcohol or 
cannabis (e.g., days with nicotine); days on which participants used alcohol and cannabis, but not simultaneously; and days on which 
participants used alcohol or cannabis with another substance (e.g., days with alcohol and nicotine) were excluded from analyses.
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study variables across only days when participants reported no substance use, alcohol-only, 

cannabis-only, or SAM use, yielding 1,833 person-days across 154 individuals. We then 

modeled next-day NA as a function of type of day (no substance use vs. any [alcohol-only, 

cannabis-only, SAM] substance use). Specifically, day t NA was reported on day t, and day t 
substance use was reported on day t +1.

To address Aim 1, a main-effect model (Model 1) was estimated to examine differences in 

next-day NA, respectively, on alcohol-only days, cannabis-only days, and no substance use 

days relative to SAM days. In these models, Level-1 predictors were indicators of alcohol­

only day, cannabis-only day, no substance use day, and weekend. Alcohol-only, cannabis­

only, and no substance use day indicators were dummy-coded such that SAM days were 

the reference day type. To separate within-person and between-person effects for type of 

substance use day, three variables representing person-specific proportions of cannabis-only 

days, alcohol-only days, and no substance use days were included as covariates at Level-2. 

Models were based on data from person-days on which individuals reported alcohol-only 

use, cannabis-only use, SAM use, or no substance use, resulting in 1830 observations from 

154 individuals. Random intercepts were included in models to allow person-mean level of 

NA to vary across individuals.

To address Aim 2 regarding differences in associations between type of substance use day 

and next-day NA as a function of trait anxiety level and sex, we estimated models in a 

stepwise manner. Random intercepts were estimated to allow mean NA to vary between 

individuals. Level-1 predictors were within-person indicators of alcohol-only day, cannabis­

only day, no substance use day, and weekend, and Level-2 predictors were trait anxiety, 

sex (0 = female, 1 = male), and person-specific proportions of cannabis-only, alcohol-only 

days, and no substance use days. In Model 2, two-way cross-level interactions between 

alcohol-only days and anxiety, cannabis-only days and anxiety, and no substance use days 

and anxiety were added to predict next-day NA. In Model 3, the three three-way interactions 

between type of substance use day, anxiety, and sex, and lower order interactions were 

included to predict next-day NA.

Results

Descriptive statistics are reported in Table 1. Results from a descriptive multilevel model 

in which next-day NA was regressed onto substance use day (0 = no substance use, 

1 = alcohol-only, cannabis-only, or SAM use) revealed that on average, NA was higher 

following non-substance use days relative to days when individuals engaged in alcohol-only, 

cannabis-only, or SAM use (γ = −0.69, SE = 0.24, p = .005).

Aim 1: SAM Use and Next-Day NA

As shown in Table 2, overall associations between both Level-1 (substance use day type, 

weekend) and Level-2 (proportion of substance use day type) predictors with next-day 

NA (Model 1) were not significant. Specifically, in Model 1, the non-significant within­

person effect for alcohol-only days suggests that next-day NA did not significantly differ 

on alcohol-only and SAM days after adjusting for day of the week and individuals’ 

person-specific proportion of alcohol-only days. Similarly, the within-person effect for 
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cannabis-only days suggests that next-day NA did not differ between cannabis-only and 

SAM days after adjusting for day of the week and individuals’ person-specific proportion of 

cannabis-only days. The within-person effect for no substance use days suggests that there 

was no difference in next-day NA between no substance use and SAM days after adjusting 

for day of the week and individuals’ person-specific proportion of no substance use days. 

Further, the proportions of alcohol-only/cannabis-only/no substance use days that a given 

individual reported was unassociated with next-day NA.

Aim 2: Moderation by Anxiety and Sex

The results for the stepwise models used to test hypotheses regarding differential links 

between type of substance use day and NA based on trait anxiety and sex are shown in Table 

2 (Models 2 and 3, respectively).

For Model 2, only trait anxiety was significantly associated with next-day NA: on average, 

each unit increase in anxiety was associated with NA that was 0.66 units higher the 

following day, adjusting for covariates. None of the two-way interactions added in Model 2 

(alcohol-only day X anxiety, cannabis-only day X anxiety, no substance use day X anxiety) 

were statistically significant.

In Model 3, there were trends for within-person effects for alcohol only days and no 

substance use days, and as in Model 2, trait anxiety was statistically significant. There were 

also trend-level two-way interactions between cannabis-only days and anxiety (γ = −0.22, 

SE = 0.12, p = .06) and between cannabis-only days and sex (γ = −1.82, SE = 1.02, p = 

.08), and a significant two-way interaction between alcohol-only days and sex (γ = −3.22, 

SE = 1.15, p = .005). These effects were qualified by a statistically significant three-way 

interaction between cannabis-only days, anxiety, and sex (γ = 0.34, SE = 0.17, p = .039) 

and between alcohol-only days, anxiety, and sex (γ = 0.45, SE = 0.20, p = .026). As 

demonstrated in Figure 1, the simple slopes for the three-way interaction between cannabis­

only days, anxiety, and sex revealed that for female participants, a one-unit increase in 

trait anxiety was associated with NA that was 0.71 units higher following SAM days, and 

0.49 units higher following cannabis-only days. In contrast, for male participants, a one-unit 

increase in anxiety symptoms was associated with NA that was 0.59 units higher following 

SAM days, and 0.71 units higher following cannabis-only days. As shown in Figure 2, 

the simple slopes for the three-way interaction between alcohol-only days, anxiety, and sex 

suggested that for female participants, a one-unit increase in anxiety corresponded to NA 

that was 0.55 units higher following alcohol-only days, and for male participants, a one-unit 

increase in anxiety corresponded to NA that was 0.88 units higher following alcohol-only 

days.

Conclusions

The current study examined day-level associations between SAM use and NA and the role 

of trait anxiety and sex in this association. Findings revealed that the interaction between 

anxiety and SAM use relative to cannabis-only days and relative to alcohol-only days 

was significantly different for male and female participants. Specifically, SAM use was 

particularly associated with greater next-day NA among female participants with elevated 
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anxiety. Although there was a main effect of trait anxiety on next-day NA, the lack of 

main effects for SAM use suggests that SAM use was unrelated to elevated next-day NA 

relative to alcohol-only, cannabis-only, or no substance use days. By itself, the lack of 

statistically significant main effects of SAM use on NA might suggest individuals who 

engage in SAM use experience similar levels of NA following different types of substance 

use and no substance use days. However, the significant three-way interaction predicting 

next-day NA highlights that such an interpretation overlooks key subgroup differences in 

who is experiencing NA, and when this occurs in relation to their substance use.

Based on prior work showing worsened affect and compounded negative consequences 

on SAM use days relative to days where either substance is used independently (Linden­

Carmichael et al., 2020; Patrick et al., 2019), SAM use days were expected to be linked 

with greater next-day NA. The broader literature on anxiety, NA, and sex in relation to 

alcohol or cannabis use further suggested two- and three-way interactions (Cooper & Haney, 

2014; Khan et al., 2013; Patrick et al., 2016; Wycoff et al., 2018). The significant three-way 

interaction supports this literature, indicating sex differences in the compounding effect 

of using alcohol and cannabis simultaneously on next-day NA. For female participants, 

elevated anxiety was associated with worsened NA following SAM days relative to 

cannabis-only or alcohol-only days. Male participants had an opposite pattern, such that 

anxiety was associated with worsened next-day NA more so following alcohol-only or 

cannabis-only days relative to SAM days. Recent work has shown that female young 

adults’ NA may be exacerbated by rumination, female young adults may experience greater 

momentary NA relief from alcohol or cannabis consumption, and female young adults are 

more likely to develop use-related disorders through internalizing pathways (Cooper & 

Haney, 2014; Simons et al., 2017). While the results of the current study are preliminary, it 

appears that among female participants with elevated anxiety, SAM use may be particularly 

linked to experiences of next-day NA. Future work would benefit from examining the 

long-term impacts of SAM use and NA in this population.

The current findings may have intervention implications targeting high-risk substance 

use among young adults with elevated anxiety. To date, prior work has noted that some 

promising interventions that have effectively reduced either alcohol or cannabis use, have 

not effectively reduced use of both substances (e.g., Stein et al., 2018; White et al., 2015). 

Likewise, substance use interventions that do not account for sex or pre-existing anxiety 

may be less effective. A large body of work has highlighted the consequences of SAM use 

and regular binge drinking (Jackson et al., 2020; Linden-Carmichael et al., 2019; Yurasek et 

al., 2017). Our findings extend this work on more general associations to offer implications 

for targeted intervention efforts for young adults who may perceive these behaviors to 

be normative and benign (White et al., 2019). For example, findings indicate a specific 

effect of SAM use on next-day NA among female participants with elevated trait anxiety; 

understanding sex differences in these associations may inform best practices to help young 

adults reduce high-risk use behaviors and avoid increasing their NA. Female participants 

with elevated anxiety, who may present with more severe, treatment-resistant substance use 

problems, may benefit more from approaches other than common group therapy formats 

for substance use (Book et al., 2009; Buckner & Carroll, 2010; Sherman et al., 2017). 

The current findings reinforce the need to account for all of these factors to effectively 
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intervene (Turner et al., 2018). Consistent with evidence that substance use and NA vary 

considerably within and across days, a clear next step is to evaluate these patterns with more 

fine-grained assessments (e.g., ecological momentary assessment; Bekiroglu et al., 2017; 

Slavish et al., 2019). Such momentary designs could capture NA and substance use multiple 

times throughout a day to examine potential reciprocal associations between NA and SAM 

use as the episode unfolds, and how these associations differ for other types of use episodes 

such as cannabis only. Analyzing such data using a cross-lagged panel model, while taking 

into account the multilevel structure with days nested within individuals and potential 

unequal spacing between observations, could advance understanding of directionality of the 

SAM-NA association.

The current study should be considered in light of several limitations. First, while daily diary 

data may have limited retrospective self-report biases, evidence suggests that momentary 

fluctuations in affect may provide key insight into periods of risk for, and reinforcement of, 

substance use patterns (Goodman et al., 2018; Simons et al., 2017). It is possible that NA 

immediately preceding a use event would have differentiated SAM use from alcohol-only 

or cannabis-only use occasions. As noted, future work that incorporates more fine-grained 

assessments with higher-risk populations such as young adults who engage in SAM use, is 

needed. Such work would also be poised to consider the role of social contexts as well as 

more specific anxiety profiles/symptom clusters at the person (e.g., generalized anxiety vs. 

social anxiety), day, and momentary (e.g., social anxiety in response to a specific context/

interaction) levels (Armeli et al., 2003; Wycoff et al., 2018). Second, cannabis use was 

conceptualized by any use, yet a growing body of work indicates that the amount (e.g., hits, 

grams), cannabinoid composition (e.g., THC to CBD ratios), and mode of administration 

(e.g., vaping vs. blunts) all influence the experience of a cannabis use event (Andrade et al., 

2019; Cloutier et al., 2021; Prince & Conner, 2019; Zuardi et al., 1982). Third, data were 

collected in a state where cannabis had been legalized for medical, but not recreational, use 

and the current study did not assess whether participants were using cannabis medicinally, 

which may impact the strength and generalizability of the study findings (Kerr et al., 

2017). Fourth, our sample was predominantly NHL-White (73%) and we did not assess 

other critical identities (e.g., gender vs. sex, sexual orientation) nor their intersection (e.g., 

gay Black cismen). More specifically, our binary treatment of sex (male/female) may not 

accurately reflect heterogeneity and potentially the unique needs in college healthcare and 

other counseling settings. Our sample also consisted of primarily college-attending young 

adults (88%). More diverse samples that consider systemic factors and education differences 

(Carter et al., 2010) are needed to better characterize individuals at greatest risk for specific 

consequences of SAM use (e.g., access; policing possession of paraphernalia). Relatedly, 

our findings may not generalize to treatment-seeking individuals or individuals presenting 

with severe substance use disorder; this remains an important area of future study. Lastly, 

our findings were based on individuals who reported frequent heavy drinking and recently 

engaged in SAM use; findings may not necessarily generalize to individuals who do not 

drink heavily or engage in less frequent heavy drinking.

Our results add to the larger body of literature on SAM use by demonstrating specific 

consequences of SAM use on next-day NA for female participants with elevated anxiety 

who engage in SAM use. Thus, beyond the consequences generally experienced by young 
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adults who engage in SAM use on SAM use days, female participants with elevated anxiety 

experienced worsened next-day NA. The current findings also reinforce that interventions 

targeting SAM use may have particular benefits for young adult female participants with 

elevated anxiety. By improving daily affect through reduced SAM use, young adult female 

participants may also experience improvements in existing anxiety while preventing the 

emergence of longer-term problems.
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Highlights

• Negative affect was higher on no substance use days relative to alcohol-only, 

cannabis-only, or SAM use days.

• SAM use was associated with higher next-day negative affect for female 

participants with higher anxiety.

• Anxiety and sex are critical factors in the link between SAM use and affect.
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Figure 1. 
Simple slopes derived from Model 3 to facilitate interpretation of the three-way interaction 

between cannabis-only days, trait anxiety, and sex predicting next-day negative affect. 

Low and high anxiety were defined as one standard deviation below and above the mean, 

respectively.
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Figure 2. 
Simple slopes derived from Model 3 to facilitate interpretation of the three-way interaction 

between alcohol-only days, trait anxiety, and sex predicting next-day negative affect. Low 

and high anxiety were defined as one standard deviation below and above the mean, 

respectively.
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Table 1

Descriptive Statistics of Key Study Variables

n days M (SD) Range

Day-Level Variables

 No Substance Use 871 -- --

 Alcohol-only 377 -- --

 Cannabis-only 368 -- --

 SAM Use 217 -- --

 Negative Affect (females) -- 16.22 (6.61) 10.00 – 47.00

 Negative Affect (males) -- 15.37 (6.09) 10.00 – 39.00

Baseline Variables

 Trait Anxiety (females) -- 4.43 (4.35) 0.00 – 18.00

 Trait Anxiety (males) -- 3.45 (3.98) 0.00 – 18.00

Notes. Means and standard deviations for negative affect are aggregated across all person-days. SAM use = simultaneous alcohol and marijuana 
use. Statistics are based on N=154 individuals across 1,833 person-days.
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Table 2

Associations between Type of Substance Use Day, Anxiety, and Sex and Next-Day Negative Affect

Next-Day Negative Affect

Model 1 Model 2 Model 3

γ SE γ SE γ SE

Fixed Effects

Intercept 14.74*** 2.70 11.61*** 2.37 11.08*** 2.43

Level 1

 Alc Only 0.16 0.43 0.06 0.58 1.54
† 0.80

 Can Only −0.05 0.39 0.13 0.52 1.13 0.77

 No SU 0.57 0.41 0.88 0.54 1.37
† 0.75

 Weekend −0.33 0.21 −0.31 0.21 −0.31 0.21

Level 2

 Prop. Alc −0.30 3.27 −1.28 2.80 −1.25 2.79

 Prop. Can 0.00 4.04 0.17 3.44 0.16 3.42

 Prop. No SU 2.59 2.93 3.26 2.51 3.27 2.50

 Anxiety 0.66*** 0.10 0.71*** 0.14

 Sex 0.54 0.73 1.59 1.27

Cross-Level

 Alc X Anxiety 0.02 0.09 −0.16 0.12

 Can X Anxiety −0.04 0.08 −0.22
† 0.12

 No SU X Anxiety −0.07 0.09 −0.13 0.11

 Alc X Sex −3.22** 1.15

 Can X Sex −1.82
† 1.02

 No SU X Sex −0.86 1.05

 Anxiety X Sex −0.12 0.21

 Alc X Anxiety X Sex 0.45* 0.20

 Can X Anxiety X Sex 0.34* 0.17

 No SU X Anxiety X Sex 0.11 0.18

Random Effects

Intercept Variance 24.33*** 2.98 17.05*** 2.13 16.90*** 2.11

Residual Variance 17.01*** 0.59 16.97*** 0.59 16.85*** 0.58

Note.

***
p < .001.

**
p <.01.

*
p < .05.

†
p < .10.
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Data are limited to person-days on which individuals reported using alcohol-only, cannabis-only, alcohol and cannabis simultaneously (SAM), or 
no substance use. Alc = Alcohol-only day; coded 1 = alcohol-only day, 0 = SAM day. Can = Cannabis-only day; coded 1 = cannabis-only, 0 = 
SAM day. No SU = No substance use day; coded 1 = no substance use, 0 = SAM day. Prop. Alc/Can/No SU = Person-specific proportion of 
alcohol-only/cannabis-only/no substance use days; person i’s number of alcohol-only/cannabis-only/No SU days divided by the total number of 
days person i reported alcohol-only, cannabis-only, SAM use, or no substance use. Sex is coded 0 = female, 1 = male. Weekend is coded 0 = 
Sunday – Wednesday, 1 = Thursday – Saturday. Models predicting next-day negative affect were based on 1830 observations from 154 individuals.
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