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Keywords: Background: Co-use of cannabis and alcohol is associated with a higher prevalence of health-related, psychiatric,

SAM and psychosocial impairments. The aims of this study were to 1) examine the association between cannabis and

(S:OI'J‘_‘SC‘ " alcohol co-use and subjective effects, 2) determine whether the time between cannabis and alcohol use is

Alllc;;f)tlwe effects associated with subjective effects, and 3) examine whether subjective responses to co-use are associated with
. hazardous cannabis use over time.

Cannabis

Methods: Young adults who co-used cannabis and alcohol (N = 155, 55.5 % women, Mean age=21 yo) completed
baseline, six-month, and twelve-month assessments of hazardous cannabis use. Co-use and subjective effects
were assessed across 21 days of EMA at baseline.

Findings: Co-use was associated with greater momentary subjective intoxication, compared to cannabis- and
alcohol-only, and stimulation and bad effects, compared to cannabis-only. Subjective intoxication was signifi-
cantly higher for co-use within 0-90 minutes compared to cannabis-only. Subjective intoxication was signifi-
cantly higher for co-use within 0-120 minutes compared to alcohol-only. Co-use within 0-30 minutes was
associated with significantly greater stimulation and bad effects, compared to cannabis-only use moments. The
extent to which an individual becomes more intoxicated when co-using the greater the risk the individual had for
increasing hazardous cannabis use six and twelve months later.

Conclusion: Findings indicate that co-use is associated with increased intoxication, compared to cannabis or
alcohol use alone, and increased stimulation and bad effects, compared to cannabis use alone. Subjective re-
sponses to co-use in a naturalistic setting are important to consider when evaluating long-term risk of cannabis
use among young adults.

1. Introduction that individuals are using both substances at least once in the past

month/year or on the same day (Arterberry et al., 2020; Gunn et al.,

There is growing evidence that cannabis co-use with alcohol sub-
stantially increases the risk for impairments in driving and cognition,
developing substance use disorders, and higher rates of binge-drinking
(Briere et al., 2011; Claus et al., 2018; Lipperman-Kreda et al., 2017;
Patrick et al., 2021). Over 75 % of young adults who use cannabis also
report using alcohol, often to complement or counter the effects of the
other substance (Midanik et al., 2007). The term co-use encompasses a
wide range of substance use behaviors which has led to variability in
definitions and assessment of co-use across studies. For example, co-use
is commonly examined as concurrent use of alcohol and cannabis, such

2022). Co-use has also been examined as simultaneous use such that
individuals are using both substances at the same time, on the same
occasion/event, or so that the effects overlap (Briere et al., 2011; Collins
et al, 1998; Earleywine and Newcomb, 1997; Lee et al., 2017;
Lipperman-Kreda et al., 2017; Patrick et al., 2018). It is unclear how
participants may interpret the commonly used definition “so that the
effects overlap” and to what extent the time between alcohol and
cannabis use differs from alcohol or cannabis use alone. The variability
and inherent subjective nature in definitions of co-use may limit both
our understanding of co-use effects and reproducibility and
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generalizability of findings.

Co-use patterns may be reinforced through subjective drug re-
sponses, which can be assessed through reports of subjective intoxica-
tion, stimulating/sedating effects, bad/good effects, and drug liking/
wanting. Drug ‘liking’ (hedonic impact) and ‘wanting’ (incentive
salience) are the most common responses examined in experimental
settings. These are dissociable psychological components of reward and
explain how sensitization of mesolimbic systems may produce compul-
sive pursuits of rewards in the development and maintenance of sub-
stance use disorders (Berridge and Robinson, 2016). Notably,
naturalistic assessment of subjective effects related to co-use behavior
predominantly focuses on intoxication and positive/negative arousal
and do not include measures of cannabis-liking and wanting.

A recent review highlights the challenges of disentangling the effects
of co-use on subjective responses across multiple settings (e.g., quali-
tative, experimental, naturalistic) (Bedillion et al., 2024). Findings from
qualitative work suggest perceptions and subjective evaluations of
alcohol and cannabis co-use encompass considerable heterogeneity
across individuals and events (Waddell et al., 2023b). Moreover,
examining the effects of simultaneous use on subjective drug effects in
laboratory settings has yielded inconsistent results (Ballard and de Wit,
2011; Lukas and Orozco, 2001; Ronen et al., 2010; Wickens et al., 2022).
The inconsistent findings across lab studies may be attributed to varia-
tions in sample sizes, methodological differences (e.g., dosages,
administration methods, assessment measure), and participant charac-
teristics (e.g., frequency of alcohol and cannabis use). Thus, it is unclear
whether findings from laboratory studies generalize to naturalistic set-
tings where individuals may co-use alcohol and cannabis in ways that
reflect contextualized risk (e.g., environmental context, social use, dose)
and outcomes.

One cross-sectional study has shown that perceived effects of feeling
‘drunk’ are greater during simultaneous use, compared to the single-
substance use, and perceived cannabis effects (i.e., feeling ‘high’,
feeling marijuana effects) were greater for cannabis use alone compared
to simultaneous use (Lee et al., 2017). Notably, only two studies have
examined the effects of simultaneous use on subjective intoxication in
daily life and resulted in discordant findings (Linden-Carmichael et al.,
2020; Sokolovsky et al., 2020). One study showed that individuals do
not report significantly greater day-average subjective intoxication
during simultaneous use days, compared to single-substance use days
(Linden-Carmichael et al., 2020), while the other found that individuals
reported significantly greater day-peak subjective intoxication on
simultaneous use days, compared to single-substance use days
(Sokolovsky et al., 2020). Notably, both studies examined co-use effects
at the day level (e.g., peak or average subjective intoxication) and co-use
was defined as, “so that the effects overlap”, which is subjective in na-
ture and relies on the participant to delineate a co-use occasion based on
their own interpretation. More recent work has examined the effects of
alcohol and cannabis co-use days on subjective pleasure and showed
that the odds of substance-related pleasure were higher on co-use days,
relative to single-substance use days (Linden-Carmichael et al., 2024).
Another study examined whether positive and negative arousal,
measured via the subjective effects of alcohol scale, mediated day-level
effects of simultaneous use on drinking and negative consequences
(Waddell et al., 2023a). Although this study utilized momentary-level
data the primary aim, and subsequent analytic approach (e.g., multi-
level mediation), was to determine whether positive/negative arousal
mediated alcohol-related outcomes. Moreover, no prior work has
examined the effects of cannabis co-use with alcohol on momentary
subjective cannabis effects (e.g., ‘good drug effect’, ‘like drug effect’,
‘take again’) and whether these effects differ from moments when only
cannabis is used.

Studies suggest that subjective responses to cannabis and alcohol are
useful in identifying those at risk for prolonged substance use and use
disorder (Fergusson et al., 2003; King et al., 2021; Le Strat et al., 2009;
Scherrer et al., 2009; Zeiger et al., 2010). Research by King and
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colleagues (King et al., 2021) showed systematic changes in subjective
alcohol responses (e.g., ‘stimulation’, ‘sedation’, ‘liking’, ‘wanting’)
among individuals who engage in high risk, heavy-episodic drinking
(weekly drinking of >5 drinks for men, >4 drinks for women, regular
consumption of 10-40 drinks per week) and low risk drinking (rare/no
heavy-episodic drinking and regular consumption of 1-5 drinks per
week) across a 10-year period. Alcohol produced markedly different
effects in the 10-year alcohol use disorder (AUD)+ and AUD- groups,
such that AUD+ exhibited increased ‘wanting’” and higher ‘stimulation’,
compared to AUD-. Both groups showed increased ‘sedation’ and
‘liking’, but this effect did not differ by group or test phase. Moreover,
individuals with more cannabis use disorder (CUD) symptomology
showed sharper increases in subjective stimulation following cannabis
use, compared to those with fewer CUD symptoms (Scherrer et al.,
2009). Findings from both studies suggest subjective responses to both
alcohol and cannabis use alone may either underlie or correspond with
the development of AUD and CUD, respectively. Prior research supports
the scope of issues stemming from the subjective drug effects of alcohol
and cannabis alone; however, a fundamental limitation of the existing
literature is the inability to answer questions about how an individual’s
person-specific slope related to co-use and cannabis effects in the
moment may confer risk over time.

The aims of this study were to 1) examine the association between
cannabis and alcohol co-use and subjective intoxication, stimulation,
sedation, bad cannabis effects, good cannabis effects, liking cannabis’
effects, and willingness to take cannabis again, 2) determine whether the
time between cannabis and alcohol use is associated with subjective
effects and, 3) examine whether subjective responses to co-use are
associated with hazardous cannabis use over time.

2. Methods
2.1. Study design and participants

Secondary data analysis was conducted for this study on data from a
larger EMA study to examine longitudinal outcomes in young adults
who recreationally used cannabis. Participants were living in the
Northeastern United States, in a state where cannabis was illegal, and
were recruited via flyers, social media, and word of mouth. Individuals
had to use cannabis occasionally (recreational use at least one time per
month, but less than three times per week) or frequently (recreational
use three or more times per week) for the past six months (Desrosiers
et al., 2014; van der Pol 2013). Participants were between the ages of
18-30 years and had to provide a negative toxicology screen for sub-
stances other than cannabis, nicotine, and alcohol at baseline. In-
dividuals were excluded if they had a current psychotic disorder, were
acutely suicidal, or if they met criteria for any current or past severe
substance use disorder, except for nicotine. All study protocols were
approved by the Institutional Review Board and participants provided
written informed consent prior to starting the study.

Following screening, eligible participants met with research staff for
an intake appointment to complete assessments on drug and alcohol use
behaviors, psychiatric disorders, and psychological functioning, cogni-
tive functioning and psychosocial functioning, and toxicology screen-
ings at each in-person visit. Participants were followed up with at six
months and one year from the baseline appointment. After completion
of the intake appointment, participants completed 21 days of
smartphone-based reporting to assess substance use behaviors (alcohol,
cannabis, tobacco, other recreational drug use) in daily life. Participants
were prompted at six semi-random times stratified throughout the day in
two-hour epochs between 9AM-9PM and completed two additional
interval-contingent surveys (end of day and waking surveys) on which
any unreported substance use was also collected. Participants were
extensively and systematically trained in person on specific EMA items
to ensure consistency and accuracy of substance use reporting (e.g.,
modalities, timing, quantity). They received $1 for completing each
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waking and random-prompt survey and $2 for completing each end of
day survey. Participants were incentivized with a $50 “bonus” for
completing 90 % of their surveys each week and received $50 each for
the completion of the follow up appointments.

2.2. Measures

2.2.1. Predictors

Within all EMA surveys, including both interval contingent and
random prompts, participants were asked about substance use since the
last survey (i.e., alcohol, cannabis, tobacco, other recreational drugs). If
cannabis or alcohol use was endorsed, participants were asked to report
how long ago they consumed their first and most recent standard drink
or cannabis hit. Response options ranged from “less than 5 minutes” to
“over 2 hours ago” in increments of 15 minutes. If participants selected
“over 2 hours ago”, they were asked to indicate the approximate time in
HH:MM AM PM. These values were then subtracted from the respective
timestamp to obtain exact times for alcohol and cannabis use. The time
between alcohol and cannabis use was calculated by subtracting exact
time values from one another to obtain a dimensional variable.

2.2.2. Cannabis Co-use with Alcohol

Based on what is known about the physiological effects of cannabis
and alcohol co-use (e.g., subjective effects typically return to baseline
after three hours (Ballard and de Wit, 2011; Hartman et al., 2016; Lukas
and Orozco, 2001; Wickens et al., 2022), co-use was defined as the use of
cannabis and alcohol within 180 minutes of one another. Moreover,
prior research in a naturalistic setting has shown that, on co-use days,
approximately 86 % of cannabis and alcohol use occurred within this
timeframe (Sokolovsky et al., 2020).

2.2.3. Timing of Cannabis Co-use with Alcohol

It is unclear whether co-use differentially impacts subjective
cannabis effects depending on the temporal proximity of cannabis and
alcohol use. In order to test at which time interval cannabis co-use with
alcohol differs from cannabis use or alcohol use alone, we divided the
timing of co-use into intervals (0-30, 31-60, 61-90, 91-120, 121-150,
151-180 minutes).

2.2.4. Outcomes

All responses were assessed using a touch-point slider scale ranging
from 1 to 100, anchored by “not at all” and “extremely”. Variables were
rescaled to 0-99 for analyses. If cannabis or alcohol use was endorsed,
participants were asked, “Right now I feel high/drunk” (subjective
intoxication).

2.2.5. Subjective Cannabis Effects

If cannabis use was endorsed, participants were asked, “Right now [
feel stimulated” (stimulation), “Right now I feel sedated” (sedated), “Did
you feel any good effects from this marijuana” (good effects), “Did you
feel any bad effects from this marijuana” (bad effects), “Iliked the effects
of this marijuana” (liking the effects of cannabis), and “I would use this
marijuana again” (willingness to use cannabis again). Good effects,
liking, and willingness to use cannabis again contained an excess of non-
zeros. Given this violates the underlying distributional assumptions of
the hurdle model, these outcomes were reverse scaled for interpret-
ability of parameters obtained from hurdle models, such that lower
scores represent greater subjective effects.

2.2.6. Hazardous Cannabis Use

The Cannabis Use Disorder Identification Test-Revised (CUDIT-R)
(Adamson et al., 2010) is an 8-item measure used to assess consumption,
problems, dependence, and psychological features of cannabis use. This
measure was assessed at baseline, six months and twelve-month fol-
low-up. Item responses ranged from 0 (never) to 4 (daily or almost daily)
and scores were summed to obtain a composite score, with a possible
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range from O to 32. A score of 8 or more indicates hazardous cannabis
use and scores of 12 or more are likely to indicate CUD. Cronbach’s
alpha for the current study were .73 (baseline), .70 (six months), and .80
(twelve months).

2.2.7. Demographics and Covariates

A demographic questionnaire was administered at the baseline
appointment to collect information on participants’ age, sex, race/
ethnicity, and education. Age and sex were included as covariates in all
models. Given the potential for multiple substance use episodes
throughout the day to accumulate and influence subjective responses,
the time between substance use episodes was calculated by subtracting
the time of the most recent prior substance use episode from the co-use
episode to obtain a continuous value in minutes. To account for the dose-
response curve related to substance use identified in prior experimental
work, time since substance use was calculated by subtracting the time
stamp of last substance use from the start of the survey time stamp to
obtain a continuous value in minutes. Whenever participants reported
cannabis use, they were asked to report on modality of use. Response
options included “joint”, “blunt”, “pipe/bowl”, “bong”, “vaporizer”,
“ingestion”, “dab/hash oil”, which were included as covariates in all
momentary-level analyses. Participants were asked to report on the
amount of alcohol and cannabis consumed, which was quantified as the
total number of drinks and total number of cannabis hits. Tobacco use
was quantified from the EMA substance use item, which included the
total number of tobacco products used. Given the potential for social
effects on subjective responses, participants were asked to report
whether they were using cannabis or alcohol alone or with others.
Substance use patterns may vary on weekdays versus weekends
(Buckner et al., 2019; Studer et al., 2014) and thus weekend (Friday--
Sunday) was included in all models.

2.3. Statistical analysis

Analyses were conducted in R Statistical Software (R Core Team,
2022). A series of 3-level linear multilevel models, with random in-
tercepts, were examined for normally distributed outcomes.
Moment-level assessments were nested within days and days nested
within persons to estimate the effect of cannabis co-use with alcohol,
compared to cannabis-only use moments, on subjective intoxication,
stimulation, and sedation. Due to the proximity of repeated measures, a
first-order autoregressive covariance structure was used to account for
potential autocorrelation (Bolger and Laurenceau, 2013). The ICCs for
linear models were.30,.33,.34 for intoxication, stimulation, and seda-
tion, respectively. Given the presence of zero inflation (deflation) for
several subjective cannabis effects (e.g., bad effects, good effects, liking,
take again), a series of hurdle models, with negative binomial distri-
butions, were run. First, model 1 examined the effects of cannabis and
alcohol co-use (0-180 minutes) on subjective effects, compared to
cannabis-only moments, with covariates specified at levels 1, 2, and 3.
Subsequently, model 2 simultaneously included cannabis and alcohol
co-use intervals (e.g., 0-30, 31-60, 61-90, 91-120, 121-150, 151-180)
to examine effects compared to cannabis-only use moments, including
the same covariates as model 1. We also examined the effects of cannabis
and alcohol co-use, compared to alcohol-only use, on subjective intox-
ication, covarying for standard drinks at levels 1 and 2. Empirical Bayes
(EB) estimates were obtained through Bayesian estimation method using
the ranef function in R (Pinheiro et al., 2021). These estimates of the
random effects of linear multilevel models represent how individuals
deviate from the sample average level of subjective effects estimates. In
other words, this person specific estimate represents the extent to which
that given individual becomes more intoxicated while co-using cannabis
and alcohol compared to their cannabis-only or alcohol-only moments.
The longitudinal models then assess whether individual differences in
susceptibility to co-use intoxication are associated with risk for haz-
ardous cannabis use over time. EB estimates for significant co-use time
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intervals were used to test whether subjective responses to co-use were
associated with changes in hazardous cannabis use at six months and
one-year. Missing data was handled using the mice package in R (van
Buuren and Groothuis-Oudshoorn, 2011). The p.adjust function in R,
using the Benjamini & Hochberg [false discovery rate (FDR)] correction,
was used to correct for multiple comparisons at .05 and .20 (Benjamini
and Hochberg, 1995). This correction was implemented across all ana-
lyses and variables within each comparison group (e.g., co-use
compared to cannabis-only, co-use compared to alcohol-only).

3. Results
3.1. Descriptive Statistics

EMA compliance was very good, with an average of 85.1 %
(SD=12.4) completed prompts. Participants provided on average 142.9
self-reports (Median=151), totaling 22,152 reports over the 21-day
assessment period. Participants reported 2752 cannabis use occasions,
1409 alcohol use occasions, and 583 alcohol and cannabis co-use oc-
casions. See Table 1 for additional descriptive statistics.

3.2. Association between cannabis and alcohol co-use and momentary
subjective effects

In moments when cannabis was co-used with alcohol, momentary
subjective intoxication and stimulation were significantly higher
(B=4.36, p <.001; B=2.87, p=.016, respectively), compared to
cannabis-only use moments, controlling for cannabis hits, using
cannabis with others, time between substance use episodes, time since
last substance use to response, and modes of cannabis use at level 1.
These findings survived FDR correction at .05 and .20, respectively. In
moments when cannabis and alcohol were co-used, the predicted level
of momentary bad effects was 27 % higher (IRR=1.27, p < .001),
compared to cannabis-only use moments. This finding survived FDR
correction at .05. In moments when cannabis was co-used with alcohol,
momentary subjective intoxication was significantly higher (B=14.17,
p = <.001), compared to alcohol-only use moments, controlling for
standard drinks, using alcohol with others, time between substance use
episodes, time since last substance use to response, and modes of
cannabis use at level 1. This finding survived FDR correction at .05.
Table 2 & 5 include primary variables of interest; see supplementary
material for full models.

3.3. Associations between the time between cannabis and alcohol use and
momentary subjective effects

In moments when cannabis and alcohol were co-used within 0-30,
31-60, and 61-90 minutes of each other, momentary subjective intox-
ication was significantly higher (B=8.47, p < .001, B=5.26, p = .019,
B=6.67, p = .022, respectively), compared to cannabis-only use mo-
ments (Table 3). These findings survived FDR correction at .05, .20. and
.20, respectively. Conversely, in moments when cannabis and alcohol
were co-used within 91-120 minutes and 121-150 minutes of each
other, momentary subjective intoxication was significantly lower (B=-
12.14, p=.003; B=-18.81, p < .001, respectively), compared to
cannabis-only use moments. These findings survived FDR correction at
.20 and .05, respectively. In moments when cannabis and alcohol were
co-used within 0-30 minutes of each other, momentary stimulation was
significantly higher (B=1.60, p = .003), compared to cannabis-only use
moments. This finding survived FDR correction at .20. In moments when
cannabis and alcohol were co-used within 0-30 minutes of each other,
the predicted level of momentary bad effects was 42 % higher
(IRR=1.42, p <.001), compared to cannabis-only use moments
(Table 4). This finding survived FDR correction at .05. In moments when
cannabis and alcohol were co-used within 61-90 minutes and
121-150 minutes of each other, the likelihood of experiencing bad
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Table 1
Descriptive Statistics.

Total

(n = 155)
Age (yrs) M (SD) 21.2 (2.3)
Range [18-30]
Women n (%) 86 (55.5)
Race/ethnicity n (%)
White 112 (72.3)
Black/African American 13 (8.4)
Asian 9(5.8)
Hispanic 12 (7.7)
Other 9(5.8)
Years of education M (SD) 14 (1.6)
Range [12-20]
Total number of cannabis use occasions 2752
Total number of alcohol use occasions 1409
Average number of cannabis use occasions M (SD) 17.8 (17.5)
Average number of cannabis hits per occasion M (SD) 4.7 (4.2)
Average number of cannabis use days M (SD) 10.2(5.9)
Average number of cannabis hits per day M (SD) 7.0 (4.8)
Average number of alcohol use occasions M (SD) 9.1 (7.5)
Average number of drinks per drinking occasion M (SD) 3.1 (2.5)
Average number of alcohol use days M (SD) 3.3(2.7)
Average number of drinks per drinking day M (SD) 3.5 (2.00)
Average number of tobacco use occasions M (SD) 4.2 (14.8)

Total number of co-use occasions 583

Total occasions of co-use within 0-30 minutes n (%) 269 (46.1)
Total occasions of co-use within 31-60 minutes n (%) 138 (23.7)
Total occasions of co-use within 61-90 minutes n (%) 76 (13.0)
Total occasions of co-use within 91-120 minutes n (%) 39 (6.6)
Total occasions of co-use within 121-150 minutes n (%) 31(5.3)
Total occasions of co-use within 151-180 minutes n (%) 30(5.1)
Average time between alcohol and cannabis use (min) M (SD) ~ 49.7 (46.9)
Average time since substance use to response (min) M (SD) 30.6 (33.1)

Average time between substance use episodes (min) M (SD) 193.9 (330.1)

Proportion of modality use n (%)

Bowl 1057 (39.4)
Joint 477 (21.3)
Blunt 307 (10.1)
Bong 744 (22.6)
Vape 249 (10.0)
Hash-oil 110 (3.7)
Edible 54 (2.7)
Subjective Effects M (SD)

Subjective Intoxication 44.5 (24.9)
Stimulation 45.2 (28.5)
Sedation 42.1 (28.3)
Bad Cannabis Effects 9.2 (14.4)
Good Cannabis Effects 79.7 (16.5)
Liking Cannabis 80.3 (15.9)
Take Cannabis Again 82.9 (15.6)
CUDIT-R baseline M (SD) 9.4 (4.8)
Range [1-23]
CUDIT-R six months M (SD) 9.1 (4.7)
Range [0-25]
CUDIT-R one year M (SD) 8.6 (5.1)
Range [0-26]

Note: CUDIT-R = Cannabis Use Disorder Identification Test-Revised; M =
Mean; SD = Standard Deviation. The range was 0-99 for all subjective effects.

effects was significantly lower (OR=0.59, p =.029; OR=0.41, p = .018,
respectively), compared to cannabis-only use moments. These findings
survived FDR correction at .20. In moments when cannabis was co-used
with alcohol within 121-150 minutes, the predicted level of experi-
encing fewer momentary good effects was 44 % higher (IRR=1.44,
p =.007), compared to cannabis-only use moments. This finding sur-
vived FDR correction at .20. In moments when cannabis and alcohol
were co-used within 0-30, 31-60, 61-90, and 91-120 minutes of each
other, momentary subjective intoxication was significantly higher
(B=14.80, p < .001, B=18.65, p < .001, B=18.58, p < .001, B=12.16,
p =.008, respectively), compared to alcohol-only use moments
(Table 5). These findings survived FDR correction at .05. Tables 3, 4, & 5
include primary variables of interest; see supplementary material for full
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Table 2
Summary of the associations between cannabis and alcohol co-use and subjec-
tive effects, compared to cannabis-only use moments.

B SE 95 % CI p
Subjective Intoxication
Co-use 4.36 1.36 (1.70, 7.03) .001+}
Stimulation
Co-use 2.87 1.19 (0.53, 5.21) .016}
Sedation
Co-use 1.98 1.20 (-0.37, 4.32) .098
OR/IRR SE 95 % CI p
Bad Effects
Co-use Logistic 0.84 0.08 (0.69, 1.02) .083
Co-use Count 1.27 0.08 (1.12, 1.43) <.001 *
Good Effectst
Co-use Logistic 1.02 0.16 (0.76, 1.38) .894
Co-use Count 1.05 0.04 (0.98,1.13) .146
Liking?
Co-use Logistic 1.13 0.17 (0.84, 1.53) 413
Co-use Count 1.02 0.03 (0.96, 1.09) 485
Take Again}
Co-use Logistic 0.99 0.13 (0.76, 1.28) 1921
Co-use Count 1.04 0.04 (0.97,1.12) .302

Values in bold are significant at p < .05 before false discovery rate (FDR)
correction

* indicates statistical significance with FDR at.05, 1 indicates statistical signif-
icance with FDR at.20, } reverse-scaled outcome. Note: N = 2752 moments
nested within 155 individuals. Co-use = within 0-180 minutes; Linear models
were examined for subjective intoxication, stimulation, sedation and hurdle
models were examined for bad effects, good effects, liking, take again.

Table 3

Summary of the associations between the timing of cannabis and alcohol co-use
and g for sex, age, total cannabisubjective intoxication, stimulation, and seda-
tion, compared to cannabis-only use moments.

B SE 95 % CI p
Subjective Intoxication
Co-use 0-30 8.47 1.70 (5.13, 11.81) <.001 *
Co-use 31-60 5.26 2.24 (0.87, 9.56) .0197
Co-use 61-90 6.67 2.90 (0.96, 12.36) 10227
Co-use 91-120 —-12.14 4.02 (—20.02, —4.26) .003f
Co-use 121-150 —18.81 4.53 (—27.69, —9.93) <.001 *
Co-use 151-180 2.69 4.56 (—6.26, 11.63) .556
Stimulation
Co-use 0-30 4.80 1.60 (1.66, 7.95) .0037
Co-use 31-60 3.12 2.10 (1.00, 7.24) 137
Co-use 61-90 2.28 2.72 (-3.05, 7.60) .402
Co-use 91-120 0.46 3.74 (—6.86, 7.79) 901
Co-use 121-150 2.31 4.20 (-5.93, 10.55) .583
Co-use 151-180 -1.85 4.23 (-10.15, 6.45) .662
Sedation
Co-use 0-30 1.91 1.63 (-1.28, 5.11) .240
Co-use 31-60 3.79 2.13 (-0.39, 7.98) .076
Co-use 61-90 5.34 2.79 (—0.08, 10.75) .053
Co-use 91-120 -0.76 3.82 (-8.25, 6.73) .842
Co-use 121-150 -3.75 4.30 (-12.19, 4.69) .383
Co-use 151-180 2.10 4.31 (—6.35, 10.56) .626

Values in bold are significant at p < .05 before false discovery rate (FDR)
correction

* indicates statistical significance with FDR at.05, 1 indicates statistical signif-
icance with FDR at.20, i reverse-scaled outcome. Note: N = 2752 moments

nested within 155 individuals. Co-use 0-30 = within 0-30 minutes, etc.

models.

3.3.1. Associations between subjective responses to cannabis and alcohol
co-use in daily life and hazardous cannabis use six months and one year
later

An individual’s person-specific slope between co-use within
0-180 minutes and subjective intoxication, when compared to cannabis-
only use moments, was associated with a significant increase in

Drug and Alcohol Dependence 269 (2025) 112595

Table 4

Summary of the associations between the timing of cannabis and alcohol co-use
and bad effects, good effects, liking, and take again, compared to cannabis-only
use moments.

OR/IRR SE 95 % CI p
Bad Effects
Co-use 0-30 Logistic 0.82 0.11 (0.63, 1.08) 153
Co-use 0-30 Count 1.42 0.12 (1.19, 1.68) <.001 *
Co-use 31-60 Logistic 1.02 0.19 (0.71, 1.47) 1921
Co-use 31-60 Count 1.03 0.12 (0.82,1.29) .814
Co-use 61-90 Logistic 0.59 0.14 (0.37, 0.95) .029¢
Co-use 61-90 Count 1.11 0.18 (0.80, 1.54) 524
Co-use 91-120 Logistic 1.36 0.50 (0.66, 2.78) 404
Co-use 91-120 Count 1.15 0.22 (0.78, 1.68) .485
Co-use 121-150 Logistic 0.41 0.16 (0.19, 0.86) .018f
Co-use 121-150 Count 1.59 0.45 (0.91, 2.77) .103
Co-use 151-180 Logistic 0.97 0.37 (0.46, 2.04) 932
Co-use 151-180 Count 0.85 0.21 (0.53,1.39) .523
Good Effectst
Co-use 0-30 Logistic 1.29 0.29 (0.83,1.99) 252
Co-use 0-30 Count 1.07 0.05 (0.98,1.17) 139
Co-use 31-60 Logistic 0.90 0.24 (0.52,1.53) .685
Co-use 31-60 Count 0.95 0.06 (0.84, 1.08) .456
Co-use 61-90 Logistic 0.71 0.23 (0.38,1.34) .291
Co-use 61-90 Count 1.02 0.09 (0.86, 1.20) .855
Co-use 91-120 Logistic 1.34 0.83 (0.40, 4.53) .640
Co-use 91-120 Count 1.09 0.12 (0.88, 1.36) 433
Co-use 121-150 Logistic 0.70 0.33 (0.28,1.77) 454
Co-use 121-150 Count 1.44 0.20 (1.10, 1.88) .0071
Co-use 151-180 Logistic 1.55 0.97 (0.46, 5.27) .480
Co-use 151-180 Count 0.94 0.12 (0.73, 1.21) 616
Liking?
Co-use 0-30 Logistic 1.32 0.29 (0.85, 2.03) 214
Co-use 0-30 Count 1.03 0.05 (0.94,1.13) .508
Co-use 31-60 Logistic 0.82 0.21 (0.49, 1.37) 454
Co-use 31-60 Count 0.91 0.06 (0.81, 1.04) 162
Co-use 61-90 Logistic 0.89 0.31 (0.46, 1.75) 741
Co-use 61-90 Count 1.05 0.09 (0.89, 1.24) .566
Co-use 91-120 Logistic 4.76 4.88 (0.64, 35.44) 128
Co-use 91-120 Count 1.03 0.11 (0.83,1.27) .796
Co-use 121-150 Logistic 0.81 0.40 (0.31, 2.15) 678
Co-use 121-150 Count 1.19 0.16 (0.92, 1.55) .185
Co-use 151-180 Logistic 1.61 1.00 (0.47 5.47) 444
Co-use 151-180 Count 0.95 0.12 (0.74, 1.23) 712
Take Againi
Co-use 0-30 Logistic 1.14 0.21 (0.79, 1.65) 476
Co-use 0-30 Count 1.11 0.06 (1.00, 1.22) .050
Co-use 31-60 Logistic 0.74 0.17 (0.48,1.15) .184
Co-use 31-60 Count 0.92 0.07 (0.80, 1.06) 244
Co-use 61-90 Logistic 0.72 0.21 (0.41, 1.26) .249
Co-use 61-90 Count 0.96 0.09 (0.80, 1.16) 670
Co-use 91-120 Logistic 213 1.31 (0.64, 7.09) 218
Co-use 91-120 Count 0.88 0.11 (0.69, 1.11) .281
Co-use 121-150 Logistic 0.72 .032 (0.30, 1.72) 463
Co-use 121-150 Count 1.29 0.19 (0.96, 1.72) .091
Co-use 151-180 Logistic 2.63 1.64 (0.78, 8.91) 120
Co-use 151-180 Count 0.99 0.14 (0.76, 1.30) .968

Values in bold are significant at p < .05 (blue of primary interest) before false
discovery rate (FDR) correction

* indicates statistical significance with FDR at.05, 1 indicates statistical signif-
icance with FDR at.20, i reverse-scaled outcome. Note: N = 2752 moments

nested within 155 individuals. Co-use 0-30 = within 0-30 minutes, etc.

hazardous cannabis use at six months and twelve months (B=0.39,
p < .001, B=0.40, p = .001, respectively), controlling for sex, age, total
cannabis hits and total standard drinks used during the 21-day EMA
period, and hazardous cannabis use at baseline (Table 5). These findings
survived FDR correction at .05 and .20, respectively. Similarly, an in-
dividual’s person-specific slope between co-use within 0-90 and
91-180 minutes and subjective intoxication was associated with a sig-
nificant increase in hazardous cannabis use at six months and twelve
months (B=0.16, p =.002, B=0.23, p <.001, respectively). These
findings survived FDR correction at .20 and .05, respectively. There
were no significant longitudinal associations between co-use and
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Table 5
Summary of the associations between cannabis and alcohol co-use and subjec-
tive intoxication, compared to alcohol-only use moments.

B SE 95 % CI p
Subjective Intoxication
Co-use 14.17 1.50 (11.22,17.11) <.001 *
Co-use 0-30 14.80 1.80 (11.27, 18.33) <.001 *
Co-use 31-60 18.86 2.42 (13.90, 23.40) <.001 *
Co-use 61-90 18.58 3.13 (12.42, 24.74) <.001 *
Co-use 91-120 12.16 4.56 (3.20, 21.12) .008 *
Co-use 121-150 —2.08 5.34 (—12.58, 8.43) 698
Co-use 151-180 —4.83 5.30 (-15.26, 5.60) .363

Values in bold are significant at p < .05 before false discovery rate (FDR)
correction

* indicates statistical significance with FDR at .05, 1 indicates statistical sig-
nificance with FDR at .20. Note: N = 1409 moments nested within 155 in-
dividuals. Co-use = within 0-180 minutes; Co-use 0-30 = within

0-30 minutes, etc.

Table 6
The association between momentary subjective intoxication and co-use and
hazardous cannabis use six months and twelve months later.

CUDIT-R 6mo CUDIT-R 12mo
B SE p B SE p
(Intercept) 9.52 2.70 <.001 12.66 3.79 .001
EB Intox 0-180 0.39 0.09 <.001* 0.40 0.12 .0017}
Sex —1.95 0.54 <.001 * -0.79 0.76 .300
Age -0.23 0.12 .055 —-0.35 0.17 .0361
Total number of 0.02 0.01 <.001* 0.01 0.01 .0361
hits
Total number of 0.03 0.02 142 0.06 0.03 .0457
drinks
CUDIT-R 0.38 0.06 <.001* 0.17 0.09 .058
baseline
(Intercept) 10.467  2.70 <.001 11.94 3.74 .002

EB Intox 0-90 0.35 0.08 <.001* 0.40 0.12 .0021

Sex —1.88 0.57 .001 * —-0.92 0.82 .260

Age —-0.28 0.12 .019¢ —0.35 0.16 .0337

Total number of 0.01 0.01 <.001* 0.01 0.001 .0277
hits

Total number of 0.02 0.02 427 0.03 0.03 .360
drinks

CUDIT-R 0.40 0.07 <.001 * 0.30 0.10 .004}
baseline

(Intercept) 9.54 2.80 <.001 11.20 3.75 .004

EB Intox 91-180 0.08 0.03 .008+ 0.11 0.04 .0047

Sex —1.52 0.60 .013} —0.60 0.83 .467

Age —-0.24 0.12 .048 —0.33 0.16 .049

Total number of 0.01 0.003  .0027 0.01 0.01 .048
hits

Total number of 0.04 0.02 .073 0.05 0.03 .087
drinks

CUDIT-R 0.44 0.07 <.001 * 0.35 0.10 <.001 *
baseline

Values in bold are significant at p < .05 before false discovery rate (FDR)
correction

* indicates statistical significance with FDR at .05, 1 indicates statistical sig-
nificance with FDR at .20. Note. N = 155. EB Intox 0-180 = Empirical Bayes
estimate of co-use within 0-180 minutes and momentary subjective intoxica-
tion; EB Intox 0-90 = Empirical Bayes estimate of co-use within 0-90 minutes
and momentary subjective intoxication; EB Intox 91-180 = Empirical Bayes
estimate of co-use within 91-180 minutes and momentary subjective intoxica-
tion; CUDIT-R = Cannabis Use Disorder Identification Test-Revised

stimulation estimates, compared to cannabis-only use moments. There
were no significant longitudinal associations between co-use and sub-
jective intoxication estimates, compared to alcohol-only use moments,
and hazardous cannabis use six months or twelve months later. Sex did
not moderate any of the longitudinal associations.
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4. Discussion

The current study sought to extend the existing literature by exam-
ining the effects of cannabis and alcohol co-use on subjective effects and
hazardous cannabis use. In the majority (83 %) of co-use occasions,
cannabis and alcohol were consumed within 90 minutes of one another.
When cannabis and alcohol were co-used, individuals reported signifi-
cantly higher subjective intoxication, compared to both cannabis-only
and alcohol-only use moments. Notably, these findings were robust to
whether individuals were using cannabis or alcohol with others, indi-
vidual modalities (e.g., joint, blunt, bong, etc.), and the amount of
cannabis and alcohol consumed, which have all been shown to be
associated with cannabis-related outcomes (Cloutier et al., 2022;
Spinella et al., 2019). These findings contrast with previous
cross-sectional work which showed subjective feelings of “high” were
lower during typical simultaneous use compared to typical cannabis use
(Lee et al., 2017). Cross-sectional methods provide a snapshot of infor-
mation on substance use behavior at a specific point in time which asks
individuals to generalize or average across multiple moments when
reporting subjective responses. The current study leveraged intensive,
repeated assessments, to capture more detailed and nuanced informa-
tion on cannabis co-use with alcohol and subjective cannabis effects,
highlighting the variability in subjective responses in a naturalistic
setting.

When the temporal proximity of cannabis and alcohol co-use was
examined, findings from the current study showed that co-use subjective
intoxication significantly differed from cannabis-only intoxication when
alcohol and cannabis were consumed within 90 minutes of one another.
Similarly, co-use intoxication differed from alcohol-only intoxication
when alcohol and cannabis were consumed within 120 minutes of each
other. This increase in intoxication supports notions that co-use results
in “cross-faded” effects such that the use of both substances simulta-
neously results in enhanced intoxication (Patrick and Lee, 2018).
Notably, enhanced intoxication did not occur outside the 90-minute or
120-minute time interval when compared to cannabis-only and
alcohol-only use moments, respectively. The present findings suggest
that the ‘benefits’ of co-use on increased intoxication are limited to in-
tervals of 90 minutes between cannabis and alcohol co-use relative to
cannabis alone and to intervals of 120 minutes between cannabis and
alcohol co-use relative to alcohol use alone. This timing (up to 2 hours)
should be considered when designing and implementing studies of
co-use in the future as well as when considering prevention efforts. For
example, limiting cannabis and alcohol use within 2 hours of one
another given the longitudinal findings for hazardous cannabis use.
Moreover, theoretical models of substance use suggest individuals
engage in co-use to counter the effects of the other substance (Gunn
et al., 2022). Co-use between 90 and 150 minutes resulted in signifi-
cantly lower subjective intoxication compared to cannabis-only intoxi-
cation. Less intoxication from co-use relative to cannabis alone may alter
behavioral patterns of substance intake such that more substance is
taken to achieve the same high. Importantly, prior work has not shown
that the co-use of cannabis and alcohol at different time intervals is
associated with opposing effects on subjective intoxication; this finding
may explain why conflicting or null findings for intoxication have been
found in some studies. However, opposing effects of co-use metabolism
of cannabis and alcohol have been identified in previous research,
particularly when examining order of substance consumption (Hartman
et al., 2016; Lukas and Orozco, 2001). Further research should seek to
replicate these timing findings and explore the role of ordering effects in
naturalistic settings.

Individuals in the present study also reported greater stimulation
when cannabis and alcohol were co-used, compared to cannabis-only
use moments. One experimental study has shown that the effects of
subjective stimulation persist longer post-cannabis and alcohol dosing
compared to cannabis alone (Hartman et al., 2016). Prior work has
shown that alcohol promotes dopamine release by activating u-opioid
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receptors, preventing GABAergic inhibition of dopamine in the midbrain
(i.e., “reward circuitry”) (Spanagel, 2009), and further, subjective rat-
ings of stimulation correlate with striatal activation (Gilman et al.,
2008). When cannabis is used, activation of the cannabinoid receptors
(e.g., CB1) regulates the presynaptic release of both GABA and gluta-
mate, which influences the activity states of the dopamine system. Given
these interactions within the reward system, it may be plausible that
cannabis and alcohol act synergistically to enhance stimulatory effects.

Findings from the current study indicate that when individuals use
cannabis and alcohol within close proximity to each other (i.e.,
0-30 minutes) reports of bad effects were significantly higher. One
experimental study has shown a significant increase in ‘bad effects’
when alcohol and cannabis were administered within 20-25 minutes
(Fares et al., 2022). Prior work has shown that simultaneous use is
associated with more negative consequences, such that individuals may
experience hangovers, black outs, engage in risky behavior, and driving
under the influence (Jackson et al., 2020; Lee et al., 2022; Sokolovsky
et al., 2020). Taken together, this suggests that close proximity of co-use
not only increases subjective intoxication but exacerbates negative ex-
periences, which may lead to a greater risk for adverse outcomes related
to ‘bad effects’. The temporal proximity of co-use, more specifically use
within 0-30 minutes, may be considered as a potential target for inter-
vention approaches (e.g., just-in-time adaptive interventions) to reduce
the likelihood of individuals experiencing bad effects.

Co-use is predominantly assessed by asking participants, “Did you
use both substances at least once in the past year/month or yesterday?”
and “Did you use alcohol and marijuana together at the same time, such
that the effects overlapped?” (Lee et al., 2017; Linden-Carmichael et al.,
2020; Sokolovsky et al., 2020). Neither assessment of co-use concretely
indicates the timeframe during which cannabis and alcohol were
consumed, and moreover, “so that the effects overlap” is subjective in
nature and relies on the participant to delineate a co-use occasion based
on their own interpretation. Although one study examined the effects of
varying operationalizations of co-use on peak subjective intoxication,
results showed that simultaneous use days did not significantly differ
from concurrent use days (Sokolovsky et al., 2020). Notably, the anal-
ysis examined effects within co-use days and did not compare co-use
timing intervals to alcohol-only or cannabis-only use days. By
leveraging the timing components of the EMA data used in the present
study, we were able to both conceptualize and clearly define boundaries
for substance use and co-use occasions in a particular moment to
determine whether the time between cannabis and alcohol se impacts
subjective effects. Findings from the current study provide clarity on
existing definitions of co-use and extend previous work by examining
the effects of specific time intervals of co-use. Future work should
consider that co-use within 2 hours of one another is likely the time
period in which subjective intoxication differs from cannabis use or
alcohol use alone. This information may be used to guide methodolog-
ical or assessment approaches used to more effectively examine the risks
associated with co-use behaviors.

To our knowledge, no published studies have examined whether an
individual’s person specific slope, related to co-use and subjective re-
sponses in the moment, is linked to cannabis-related outcomes over
time. Findings from the current study showed that the extent to which an
individual becomes more intoxicated while co-using cannabis and
alcohol in the moment, the greater the risk for hazardous cannabis use
six months and one year later. Regardless of the time between cannabis
and alcohol use, the greater one’s subjective intoxication increases from
co-using, relative to cannabis alone, the more at risk the individual is for
hazardous cannabis use over time. Although prior work has shown that
subjective responses to cannabis and alcohol use alone are useful in
identifying those at risk for prolonged substance use and use disorder
(Fergusson et al., 2003; King et al., 2021; Le Strat et al., 2009; Scherrer
et al., 2009; Zeiger et al., 2010), this is the first study to identify lon-
gitudinal risk associated with subjective intoxication and co-use in the
moment. Amid the increased rates of co-use among young adults, results
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may be used to guide intervention approaches aimed at identifying and
targeting individuals who show stronger associations between subjec-
tive intoxication and co-use in daily life.

There are several strengths to the current study. There is limited
research that has examined the effects of co-using cannabis and alcohol
on momentary subjective effects, relative to both cannabis and alcohol
use alone. Furthermore, this study assessed long-term risk associated
with subjective responses to co-use. Findings from the current study
suggest that changes in subjective intoxication related to cannabis and
alcohol co-use may reflect acute markers of risk for increasingly haz-
ardous cannabis use. Lastly, this study examined the effects of co-use
among a sample of young adults who recreationally use cannabis. This
population is critical to study as they report the highest prevalence of co-
use and are the most at risk for the onset of hazardous cannabis use and
CUD.

Several limitations should be considered in the interpretation of
these findings. Cannabis was not legal at the time of the study, and it is
unclear whether legalization and the diversification of products avail-
able on the market influence subjective effects in real-world settings.
This may have also limited access to more diverse cannabis products,
and future research should consider the impact of cannabis modalities
on subjective drug effects. Although participants were able to select
from a comprehensive list of subjective cannabis effects, it is unclear
whether there may be more nuanced reasons for experiencing ‘bad’ and
‘good’ effects not captured by these specific response options. An
inherent limitation in many studies is the inability to definitively
establish causal associations between variables. Although this work
provides valuable insights into patterns of associations between co-use
and subjective cannabis effects, it cannot conclusively demonstrate
cause-and-effect relationships. Further, the association between co-use
and subjective cannabis effects found may be specific to young adults
who recreationally use cannabis and may not generalize to impacts
across the lifespan (e.g., younger and/or older populations) or medicinal
uses. Future research should seek to replicate these findings among
specific subgroups of individuals (e.g., alcohol-only, cannabis-only,
simultaneous use, controls) to further distinguish the association be-
tween co-use and subjective responses relative to single-substance use.
Given this study is the first to identify associations between momentary
associations and long-term outcomes, future work should seek to repli-
cate these findings. To more comprehensively identify co-use effects
researchers should consider: 1) the methodological approach that is
being implemented (e.g., qualitative, experimental, cross-sectional,
daily diary, EMA) and 2) the use of clear and precise definitions of co-
use. Consideration of these factors in future research may help to
clarify the effects of co-use and improve consistency of findings across
disciplines.

5. Conclusions

Co-use (i.e., 0-180 minutes) significantly increases subjective
intoxication, compared to cannabis-only and alcohol-only use moments,
and stimulation compared to cannabis-only use moments. More specif-
ically, co-use within 0-90 minutes significantly increases subjective
intoxication while co-use within 91-150 minutes significantly decreases
intoxication, compared to cannabis use alone. Co-use within
0-120 minutes significantly increases subjective intoxication compared
to alcohol use alone. When individuals use cannabis and alcohol within
close proximity (0-30 minutes), reports of bad effects are significantly
higher compared to cannabis use alone. The extent to which an indi-
vidual becomes more intoxicated by co-using predicts increases in their
hazardous cannabis use six months and one year later. These findings
highlight 1) the importance of clearly defining co-use occasions to
delineate effects and 2) the potential long-term risk for individuals who
experience greater subjective intoxication from cannabis and alcohol co-
use. This underscores the importance of further research to inform
prevention and intervention strategies to reduce co-use among young
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