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Abstract
Objective  Alcohol and cannabis co-use is the most common form of polysubstance use in the U.S. Some evidence 
suggests that there is an association between cannabis use and reduced alcohol consumption, however data on 
this topic are mixed. Further research is needed to elucidate the individual factors that determine whether cannabis 
substitutes for alcohol.

Method  This study is an exploratory analysis of data from a within-subjects, crossover laboratory study on alcohol 
and cannabis co-administration. Participants completed two sessions: one in which they self-administered alcohol 
after using cannabis, and one in which they self-administered alcohol but did not use cannabis. We aim to compare 
behavioral phenotypes of individuals who self-administered less alcohol after cannabis (“substituters”; n = 23), more 
alcohol after cannabis (“complementers”; n = 7), or the same amount of alcohol regardless of whether cannabis was 
used (“non-substituters”; n = 16). We utilized Welch’s ANOVAs and Kruskal-Wallis tests to compare baseline group 
differences, drawing on domains from the Addictions Neuroclinical Assessment (ANA) framework. Wilcoxon tests were 
employed to test differences in laboratory self-administration measures between sessions for each group.

Results  Substituters had significantly lower scores on measures corresponding to ANA domains of negative 
emotionality (BDI-II, DASS-Depression) and executive function (UPPS-P Lack of Premeditation) than non-substituters. 
Substituters endorsed higher positive cannabis expectancies than non-substituters, though expectancy differences 
did not reach significance.

Conclusions  Individuals who use cannabis and alcohol and have lower levels of negative emotionality and 
impulsivity may be more likely to substitute cannabis for alcohol. Future research is needed to explore long-term 
outcomes of cannabis substitution.

Clinical trials registration number  NCT04998006.
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Introduction
Widespread legalization of cannabis in recent years has 
contributed to a steady increase in co-use of canna-
bis and alcohol in the U.S. [16], with recent estimates of 
8.4% of adults aged 30–80 reporting current co-use [58]. 
Co-use of alcohol and cannabis includes use that occurs 
simultaneously (such that intoxicating effects overlap), as 
well non-overlapping (concurrent) use [55]. Co-use (par-
ticularly simultaneous co-use) has been associated with 
increased risk of poorer mental health and academic out-
comes, engagement in risky behavior, and other harmful 
experiences, especially among young people [8, 28, 39, 
47, 56]. Individuals often engage in simultaneous use for 
the “complementary” effects of the substances [7], which 
may lead to increased alcohol consumption during simul-
taneous use relative to alcohol-only use events [39, 55]. 
Conversely, there is also considerable evidence suggest-
ing that for some individuals, using cannabis and alcohol 
at the same time, particularly when cannabis is used first, 
results in decreased alcohol consumption (i.e., “substitu-
tion”) and reduced craving [34, 41]. Further research is 
needed to elucidate individual factors associated with dif-
ferent patterns of alcohol and cannabis co-use.

The Addictions Neuroclinical Assessment (ANA) 
framework may offer insight into behavioral pheno-
types that may be associated with specific alcohol-can-
nabis co-use patterns. The ANA framework has been 
proposed as a tool for developing precision medicine 
approaches to treating alcohol and substance use disor-
ders (ASUDs), consisting of 3 functional domains that 
map onto the 3 stages of the addiction cycle [25, 27]. The 
Incentive Salience domain encapsulates processes such 
as attentional bias and cue-induced craving in response 
to drug-related stimuli, corresponding with the Binge-
Intoxication stage of the addiction cycle [25, 27]. The 
Negative Emotionality domain reflects negative emo-
tional states associated with addictive disorders, includ-
ing withdrawal, reflecting the Withdrawal-Negative affect 
stage [25, 27]. Lastly, the Executive Function domain 
reflects dysfunction in processes related to planning 
and organizing goal-directed behaviors, which involves 
attention inhibition, working memory, and behavioral 
and cognitive adaptation, which maps onto the Preoc-
cupation-Anticipation stage [27]. This framework allows 
deep phenotyping across these theory-derived functional 
domains, with the goal of identifying subgroups within 
a population who are most likely to respond to a given 
intervention [27]. While this framework was designed 
for use in clinical populations, a prior study validated a 
4-factor structure in a sample of “problem drinkers” with 
and without AUD diagnoses, comprised of the three 
neurofunctional domains and an additional factor repre-
senting alcohol-related problems [36]. We propose that 
this framework may therefore offer utility in identifying 

behavioral phenotypes associated with cannabis and 
alcohol co-use patterns (e.g., substitution) in at-risk pop-
ulations who do not necessarily have clinical diagnoses.

For example, a recent laboratory study employed a 
controlled-dose, parallel design to investigate the effect 
of smoked cannabis (< 0.3% placebo vs. 3.1%, 7.2% active 
THC) on alcohol consumption and craving in individu-
als who engage in heavy episodic drinking [34]. The 7.2% 
THC dose was associated with a significant reduction 
in alcohol urge after smoking (ANA incentive salience 
domain) compared to placebo and both active doses were 
associated with a significant reduction in alcohol con-
sumed in an alcohol self-administration task compared 
to placebo [34]. This is consistent with findings from 
our crossover laboratory study wherein a subset of indi-
viduals experienced reductions in alcohol craving and 
consumption when cannabis was self-administered ad 
libitum before alcohol compared to when alcohol was 
self-administered without cannabis [41].

Several studies have also found associations between 
cannabis and alcohol co-use (both concurrent and simul-
taneous) and dimensions relevant to executive function-
ing, namely impulsivity [11, 43, 64, 66, 67] and challenges 
with emotion regulation [30, 35]. One study found that 
lower levels of positive urgency and lack of perseverance 
were associated with reduced alcohol consumption on 
co-use days relative to alcohol-only days (consistent with 
substitution) in a sample of veterans [66]. Daros et al. 
[11] also found there was a stronger positive relationship 
between grams of cannabis used and number of standard 
drinks consumed on a given day for young adults high 
in negative urgency and behavioral disinhibition [11]. 
Higher levels of impulsivity may therefore increase risk 
of alcohol-related harms in the context of simultaneous 
use. However, the relationship between grams of canna-
bis and any same day drinking was higher for individu-
als low in negative urgency and disinhibition, which the 
authors speculated may reflect planned, context-specific 
substance use (e.g., weekend social events) [11].

In terms of the ANA negative emotionality domain, 
prior studies have found associations between anxiety 
and depression symptoms and increased alcohol conse-
quences and odds of AUD diagnosis for both concurrent 
and simultaneous alcohol and cannabis use [15, 33, 62, 
63]. This suggests that greater negative emotionality may 
be a risk factor for greater alcohol related harms. More-
over, in an EMA study, Wycoff and Trull, [72] found that 
higher coping motives for drinking were associated with 
increases in anxious and depressed mood from the last 
moment, but this association was attenuated in simul-
taneous use relative to alcohol-only use moments [72]. 
This study did not explicitly show that lower negative 
emotionality is linked to substitution, but we hypoth-
esize that the effect of simultaneous cannabis use on 
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coping-motivated drinking could facilitate increased 
alcohol consumption in individuals with higher levels of 
negative affect via negative reinforcement mechanisms, 
based on these prior data. No prior study to date has 
explicitly examined how ANA phenotypes relate to sub-
stitution behavior during simultaneous use events in the 
laboratory.

To fill gaps in the literature and build upon prior data, 
the present secondary analysis is focused on linking 
ANA-derived behavioral phenotypes to alcohol and can-
nabis self-administration behavior in the lab. We lever-
age data from our aforementioned crossover laboratory 
study [41], involving two lab sessions: one “alcohol only” 
self-administration session and one session in which 
participants self-administered cannabis prior to alcohol 
self-administration (NCT04998006). Three groups (“sub-
stituters” who drank less during the Cannabis+Alcohol 
[CA] lab session compared to the Alcohol only [AO] lab 
session, “non-substituters”, who drank the same amount 
at both sessions, and “complementers”, who drank more 
at the CA session than the AO session) were derived from 
our data post hoc, based on observed drinking behavior 
during the CA and AO lab sessions [41]. Given emerging 
evidence from the ANA literature linking negative emo-
tionality [15, 33, 62, 63, 72], impulsivity [60, 64, 66–68] 
and incentive salience [34, 65] to alcohol and cannabis 
co-use behavior, we hypothesized that substituters would 
have significantly lower scores across measures of trait 
impulsivity, negative emotionality, and incentive salience 
administered at baseline, compared to non-substituters 
and complementers.

Methods
All methods were approved by Colorado State Univer-
sity’s Institutional Review Board. Data were collected as 
part of a larger study [41].

Participants
Participants were recruited from the community using 
flyers, outreach at community events, and online adver-
tisements. They met NIAAA heavy-drinking criteria (> 4 
drinks on any day or > 14 drinks per week for males; > 
3 drinks on any day or > 7 drinks per week for women) 
[38], endorsed using flower cannabis > = 3 times/week 
for at least three months, had not been diagnosed with an 
alcohol or substance use disorder (AUD/SUD) and were 
not currently seeking treatment. Exclusion criteria are 
described in the Supplementary Materials.

Procedure
Eligible participants completed three appointments: one 
baseline session conducted in our on-campus lab and 
two sessions in our mobile laboratory, which travels to 
the participant’s residence and parks outside their home 

for the duration of the visit (Alcohol only session = AO, 
Cannabis + Alcohol session = CA). The mobile labora-
tory methodology allows for the study of legal market 
cannabis self-administration while complying with state 
and federal laws that prohibit researchers from bringing 
legal-market cannabis onto a university campus. Study 
appointments were separated by 2-weeks and the order 
of mobile laboratory visits was counterbalanced across 
participants.

Baseline appointment
At the baseline appointment, participants underwent 
informed consent and eligibility verification procedures, 
including drug urinalysis (and pregnancy test when 
applicable) and a breathalyzer test. Eligible participants 
completed a series of surveys capturing demographics, 
substance use and psychological functioning, and medi-
cal and mental health history. Participants also com-
pleted an online timeline follow back documenting their 
substance use over the past 60 days (OTLFB; [32]). Par-
ticipants were then provided with instructions for their 
mobile laboratory appointments. For the purposes of 
a separate study aim, participants were asked to try to 
abstain from cannabis use but to drink alcohol as they 
normally would up in the 2 weeks prior to session AO, up 
until 24 h before the mobile lab session. In the two weeks 
preceding session CA, participants were asked to use 
alcohol and cannabis as they normally would up until 24 
h before the mobile lab session. Participants were asked 
not to use any drugs (including cannabis) or alcohol in 
the 24 h leading up to each mobile lab sessions.

Mobile laboratory sessions
At both laboratory visits, participants completed a blood 
draw and were then given an alcohol priming drink (pre-
pared using the Widmark formula targeting breath alco-
hol concentration [BrAC] of 0.03 g/dL). Next, (for both 
AO and CA) participants completed an alcohol self-
administration task, wherein they had the opportunity to 
receive 4 drinks of their preferred alcohol (e.g. beer, wine, 
liquor) over the course of one hour (1 drink was offered 
every 15 minutes, with each drink targeting a 0.015 g/
dL increase in BrAC), or alternatively receive an addi-
tional $1 per drink refused1, consistent with typical bar-
lab procedures which offer small monetary incentives 
for not consuming drinks, to create a decisional balance 
between drinking and abstaining [45, 46]. Participants 

1  Note that $5 per drink was given for the first 2 participants (at both ses-
sions AO and CA). However, we ultimately decided based on participant 
feedback and input from members of the study team that $1 per drink was a 
more appropriate incentive, given the mobile laboratory setting is highly dis-
similar from participants’ typical drinking environment and from previous 
bar-lab studies. We acknowledge that this amount is lower than the typical 
monetary incentive used in previous bar-lab paradigms and discuss this in 
the limitations section.
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also completed questionnaires assessing alcohol craving 
throughout the self-administration period, for which the 
results are presented in Pince et al. [41]. All procedures 
were identical at sessions AO and CA up until the first 
blood draw, after which participants self-administered 
their own legal-market flower cannabis product inside 
their residence prior to receiving the priming drink.

There were three venous blood draws to assess levels 
of blood cannabinoids over the course of the study; one 
blood draw occurred before the priming drink at session 
AO and two occurred at session CA (one before cannabis 
self-administration and one immediately upon return-
ing to the mobile lab after self-administering cannabis). 
The second blood draw post-cannabis use at session CA 
is used to verify that participants used cannabis during 
the session. Plasma was extracted from blood samples 
and stored at −80 °C until being assayed for THC and 
metabolites (11-OH-THC, THC-COOH) using High 
Performance Liquid Chromatography-Tandem Mass 
Spectrometry [9, 12, 23]. A detailed description of blood 
cannabinoid assay methods are included in Supplemen-
tary Materials. For further information on study proce-
dures, see NCT04998006 and our prior publication [41].

Measures
At the baseline visit, participants completed a series of 
surveys related to demographic characteristics, substance 
use, personality, and psychological functioning, which 
mapped onto ANA domains. Consistent with previous 
studies [18, 36, 37], we utilized the Penn Alcohol Crav-
ing Scale (PACS) [14] and the Alcohol Use Disorders 
Identification Test (AUDIT) [44] to capture the incentive 
salience domain. As the majority of research on ANA has 
focused on alcohol, we use comparable measures to cap-
ture cannabis-related incentive salience, including The 
Marijuana Dependence Scale (MDS) [52] and Marijuana 
Craving Questionnaire (MCQ) [22]. The AUDIT and 
MDS were also employed to screen for AUD and CUD 
symptomatology. For the negative emotionality domain, 
we used The Beck Depression Inventory II (BDI-II) [5] 
and Beck Anxiety Inventory II (BAI) [4], which have been 
employed in prior studies [27, 61]. We also included the 
Depression-Anxiety-Stress-Scale (DASS) to capture a 
wider range of negative affective states [29]. For the exec-
utive function domain, we used the Urgency, Premedi-
tation, Perseverance, Sensation Seeking, and Positive 
urgency Impulsive Behavior Scale (UPPS-P) [10, 70], the 
Impaired Control Scale (ICS) [21 ], and Barratt Impul-
siveness Scale (BIS-15) short-form [40, 48], which have 
been represented in prior ANA literature [18, 26, 36, 37, 
50]. We also included the Impulsive Sensation Seeking 
Scale (ImpSS) [73], as impulsivity and sensation seeking 
personality traits represent potential risk and maintain-
ing factors for SUDs relevant to the executive function 

ANA domain [57]. The ImpSS has been shown to predict 
substance use amongst undergraduates as well as relapse 
amongst individuals with SUDs [1, 20]. We also included 
the Difficulties in Emotion Regulation Scale (DERS) [6, 
17], as emotion regulation engages cognitive control 
dimensions of executive functioning, which are thought 
to be disrupted in individuals with SUDs [31, 71]. A 
recent meta-analysis revealed that individuals with SUDs 
lower on the DERS, specifically in the strategies and 
impulse subscales [51]. A detailed description of each 
measure is included in the Supplementary Materials.

Data analysis
Participants who completed both mobile laboratory 
sessions were categorized as either “substituters” (self-
administered fewer drinks after using cannabis compared 
to alcohol alone), “complementers” (self-administered 
more drinks after using cannabis compared to alcohol 
alone), or “non-substituters” (self-administered the same 
number of drinks after using cannabis + alcohol com-
pared to alcohol alone), as described in our prior publi-
cation [41]. Individuals who did not self-administer any 
alcohol during either laboratory session were excluded 
from the present analyses. We assessed group differences 
in baseline substance use, mobile laboratory measures, 
and measures of personality and psychological function-
ing, using Welch’s ANOVAs and Kruskal-Wallis non-
parametric tests depending on variable distributions. 
Group differences in demographics were also evaluated 
using Fisher’s exact tests. When significant group dif-
ferences were observed, post-hoc pairwise comparisons 
were conducted with a Bonferroni correction. Within-
subject differences for mobile laboratory measures (e.g., 
blood THC, number of drinks self-administered) for each 
group were evaluated using pairwise Wilcoxon signed-
rank tests. When statistically significant group differ-
ences in behavioral phenotyping measures were found, 
data were visualized with boxplots (non-significant statis-
tics are reported in Supplementary Materials). Descrip-
tive statistics for behavioral phenotyping measures for 
each group are included in the Supplementary Materials. 
All statistical analyses were performed using RStudio sta-
tistical software [42].

Results
Group characteristics
Sixty-one participants completed both mobile laboratory 
appointments. Participants who chose not to self-admin-
ister any alcohol at either appointment (n = 15) were 
excluded from analyses, resulting in a final sample of 46, 
50% of which were classified as substituters (self-admin-
istered at least one more drink at session AO compared 
to CA; n = 23), 34.7% as non-substituters (self-adminis-
tered the same number of drinks at session AO and CA; 
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n = 16), and 15.3% as complementers (self-administered 
at least one more drink at session CA compared to AO; 
n = 7). Based on clinical cutoffs from the Alcohol Use Dis-
orders Identification Test and Marijuana Dependence 

Scale, a majority of our final sample (64.7%) met crite-
ria for at least mild AUD (AUDIT > = 8) and almost half 
(43.5%) met criteria for CUD (MDS > = 3) at baseline, 
nearly a third of which met criteria for both AUD and 
CUD (28.2%). Only 8 individuals (17.4%) didn’t meet 
criteria for either diagnosis based on AUDIT and MDS 
scores.

Regarding baseline substance use, Kruskal-Wallis tests 
revealed significant group differences in typical drinks 
per drinking day in the past 2 months (χ2(2) = 7.63, p 
<.05). There were trends towards non-substituters con-
suming more drinks per drinking day compared to com-
plementers (Z = 2.36, p =.06) and substituters (Z = 2.31, p 
=.06). There were no other significant group differences 
in baseline alcohol use frequency or cannabis use fre-
quency and quantity, nor did Fisher’s tests reflect signifi-
cant demographic differences between groups (Table 1). 
In the mobile laboratory, substituters self-administered 
an average of 2.96 (SD = 1.19) drinks at session AO and 
1 drink (SD = 1.21) at session CA, with a Wilcoxon test 
revealing a statistically significant difference (Z = −4.18, 
p <.001) with a large effect size (r =.87). Non-substituters 
self-administered an average of 3.19 drinks (SD = 1.22) 
at both sessions. Complementers self-administered 
an average of 0.71 drinks (SD = 0.76) at session AO and 
2.71 drinks (SD = 1.38) at session CA, which was a sta-
tistically significant difference (Z = −2.28, p <.001) with 
a large effect size (r =.86). Kruskal-Wallis tests revealed 
significant group differences in drinks self-administered 
at session AO (χ2(2) = 14.61, p <.001) and session CA 
(χ2(2) = 20.55, p <.001). Complementers self-adminis-
tered significantly fewer drinks at session AO compared 
to non-substituters (Z = −3.67, p <.001) and substitut-
ers (Z = −3.41, p =.001), but there were no significant 
differences between non-substituters and substituters 
(Z = 0.60, p =.55). In contrast, substituters self-adminis-
tered significantly fewer drinks at session CA compared 
to non-substituters (Z = −4.44, p <.001) and comple-
menters (Z = −2.59, p =.02) (Table 2).

Regarding cannabis self-administration, Kruskal-Wal-
lis tests indicated no significant group differences in the 
amount or potency of flower cannabis used during ses-
sion CA. On average, participants self-administered an 
average of 0.37 g (SD = 0.48) of flower cannabis with a 
THC content of 22.82% (SD = 22.48). All groups experi-
enced a significant increase in blood THC concentra-
tions between baseline and post-cannabis use (p <.05). 
On average, baseline blood THC concentration was 
8.61 ng/mL (SD = 15.15) at session AO and 9.02 ng/mL 
(SD = 17.13) at CA, with an average post-use concentra-
tion of 165.24 ng/mL (SD = 193.00). While there were no 
significant group differences in blood THC or metabo-
lites at any timepoint, Wilcoxon tests revealed that only 
substituters had significantly higher baseline blood THC 

Table 1  Group demographics and baseline substance use
Substituter
(n = 23)

Non-sub-
stituter
(n = 16)

Com-
ple-
menter
(n = 7)

Demographics

Gender, n (%)

Cisgender Man 16 (69.6%) 9 (56.25%) 2 (28.6%)

Cisgender Woman 6 (26.1%) 7 (43.75%) 4 (57.1%)

Non-binary 1 (4.3%) 0 (0%) 1 (14.3%)

Sex assigned at birth,
Male, n (%)

16 (69.6%) 9 (56.3%) 3 (42.8%)

Age, mean (S.D.) 31.9 (11.2) 30.3 (9.0) 27.6 (7.0)

Race/Ethnicity, n (%)

Asian 1 (4.3%) 0 (0%) 0 (0%)

Black or African American 1 (4.3%) 0 (0%) 0 (0%)

Hispanic/Latino 4 (17.4%) 0 (0%) 1 (14.3%)

Multiracial/ethnic 3 (13%) 0 (0%) 0 (0%)

White 14 (61%) 16 (100%) 6 (85.7%)

Education, n (%)

High School 1 (4.3%) 3 (18.75%) 0 (0%)

Some college 5 (21.8%) 4 (25.0%) 4 (57.1%)

Associates/Technical degree 5 (21.8%) 2 (12.5%) 0 (0%)

Bachelor’s degree 10 (43.5%) 5 (31.25%) 3 (42.8%)

Master’s degree 1 (4.3%) 2 (12.5%) 0 (0%)

Doctoral degree 1 (4.3%) 0 (0%) 0 (0%)

Employment, n (%)

Full-time 9 (39.1%) 7 (43.75%) 3 (42.8%)

Part-time 6 (26.1%) 3 (18.75%) 1 (14.3%)

Unemployed, disabled, or
retired

4 (17.4%) 2 (12.5%) 1 (14.3%)

Student full-time 3 (13%) 3 (18.75%) 2 (28.6%)

Stay-at-home parent 1 (4.4%) 1 (6.25%) 0 (0%)

Annual Income, n (%)

Less than $10,000 5 (21.75%) 5 (31.25%) 1 (14.3%)

$10,000–20,000 2 (8.7%) 1 (6.25%) 0 (0%)

$20,000–30,000 5 (21.75%) 4 (25.0%) 1 (14.3%)

$30,000–40,000 2 (8.7%) 0 (0%) 1 (14.3%)

$40,000–50,000 1 (6.25%) 1 (6.25%) 1 (14.3%)

$50,000–60,000 6 (26.1%) 3 (18.75%) 3 (42.8%)

Greater than $60,000 2 (6.25%) 1 (6.25%) 0 (0%)

Baseline substance use characteristics

Alcohol use days in past 60 days
(O-TLFB), mean (S.D.)

21.70 
(17.20)

25.62 
(15.18)

31.43 
(14.52)

Drinks per drinking day (O-
TLFB), mean (S.D.)1

3.60 (1.27) 1 5.20 (2.02) 1 3.41 
(1.91)

Flower cannabis days in past 60
days (O-TLFB), mean (S.D.) 1

31.3 (22.3)1 31.44 
(21.39)

25.14 
(24.60)

Grams flower cannabis used per
day (O-TLFB), mean (S.D.) 1

0.65 (0.70) 0.53 (0.47) 0.27 
(0.10)

1data missing for one participant; 2data missing from two participants
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concentrations at session CA compared to AO (Z = 2.25, 
p =.02), with a medium effect size (r =.47) (Table 2).

Incentive salience measures
A Welch’s ANOVA revealed a trend towards a significant 
group difference for the Expectancy subscale of the MCQ 
(Fw(17.8,2) = 2.87, p =.08), with post-hoc analyses indicat-
ing a trend towards substituters scoring higher than non-
substituters (p =.052) (Fig. 1). There were no significant 
group differences for any other subscales of the MCQ nor 
the PACS, MDS, or AUDIT (Supplementary Materials).

Negative emotionality measures
A Kruskal-Wallis test indicated significant group differ-
ences in scores on the BDI-II (χ2(2) = 8.79, p =.01), with 
a large effect size (η2 = 0.16). Post-hoc analyses revealing 
that substituters (Z = −2.44, p =.04) and complementers 
(Z = −2.55, p =.03) scored significantly lower than non-
substituters. There were also significant group differences 
in DASS Depression subscale scores (χ2(2) = 6.60, p =.04), 
with a medium effect size (η2 = 0.11). Post-hoc analyses 
indicated substituters scored significantly lower than 
non-substituters (Z = −2.56, p =.03) (Fig. 2). There were 
no significant group differences in BAI scores or DASS 
Stress or Anxiety subscales (Supplementary Materials).

Executive function measures
A Kruskal-Wallis test revealed significant group dif-
ferences in UPPS-P Lack of Premeditation subscale 
scores (χ2(2) = 6.06, p = .048), with a medium effect size 
(η2 = 0.09). Post-hoc analyses showed that substitut-
ers scored significantly lower than non-substituters (Z 
= −2.45, p =.04). There was also a trend towards group 
differences in UPPS-P Negative Urgency subscale scores 
(χ2(2) = 5.32, p =.07), with post-hoc tests indicating sub-
stituters scored lower than non-substituters (Z = −2.25, 
p =.07). There were no significant differences between 
complementers and substituters or non-substituters on 
either of these subscales. A Kruskal-Wallis test demon-
strated a trend towards a difference in the Lack of Emo-
tional Clarity subscale of the DERS (χ2(2) = 5.55, p =.06), 
whereby substituters scored lower than non-substituters 
(Z = 2.26, p =.07) (Fig. 3). There were no significant group 
differences in scores on any other DERS subscales, nor 
ImpSS, ICS, or BIS subscales (Supplementary Materials).

Discussion
In this novel laboratory study, we used the ANA frame-
work [27] to characterize behavioral phenotypes asso-
ciated with alcohol and cannabis self-administration 
behavior, as no studies to date have examined how ANA 
phenotypes relate to co-use behavior during simultane-
ous use events in the laboratory. We hypothesized that 
substituters would have significantly lower scores across 

Table 2  Group mobile laboratory self-administration 
descriptives

Substituter
(n = 23)

Non-sub-
stituter
(n = 16)

Comple-
menter
(n = 7)

Alcohol self-administration

Drinks self-administered

Session AO, mean (S.D.) 2.96 (1.19) 3.19 (1.22)### 0.71 
(0.76)###

Session CA, mean (S.D.) 1.00 (1.21) 3.19 (1.22)### 2.71 
(1.38)#

Session CA vs. AO, mean 
difference

1.96 
(1.11)***

0 (0.00) −2.00 
(1.29)**

Cannabis self-administration

Grams flower cannabis, mean 
(S.D.)

0.46 (0.61) 0.42 (0.58) 0.25 (0.17)

THC percentage, mean (S.D.) 23.2 (5.05) 23.1 (4.71) 20.1 (2.98)

Flower cannabis strain. n (%)1

Sativa 9 (45%) 5 (31.25%) 2 (28.6%)

Indica 4 (25%) 2 (12.5%) 3 (42.8%)

Hybrid 7 (35%) 9 (56.25%) 2 (28.6%)

Blood cannabinoid concentrations (ng/mL)2

Blood THC concentration, 
mean (S.D.)

Baseline AO 9.65 (19.0) 5.78 (7.99) 12.01 
(15.45)

Baseline CA 11.72 (23.03) 4.34 (5.16) 7.30 
(14.16)

Post-use CA 193.26 
(229.16)

140.39 
(159.70)

129.84 
(135.25)

Baseline CA vs. AO difference 2.47 (6.63)* −0.90 (3.75) 0.15 
(11.31)

Baseline CA vs. Post-use 
difference

190.59 
(216.61)***

126.20 
(157.09)***

117.68 
(123.52)*

Blood 11-OH-THC concentra-
tion, mean (S.D.)

Baseline AO 3.43 (5.16) 2.42 (3.58) 4.94 (7.15)

Baseline CA 3.62 (4.95) 1.87 (2.25) 6.41 (7.30)

Post-use CA 11.08 (11.09) 16.01 (17.67) 20.07 
(21.50)

Baseline CA vs. AO difference 0.52 (1.52) −0.38 (1.55) 1.47 (6.31)

Baseline CA vs. Post-use 
difference

7.58 
(8.47)***

12.62 
(15.72)***

13.65 
(15.49)*

Blood THC-COOH concentra-
tion, mean (S.D.)

Baseline AO 78.23 
(111.29)

69.03 
(102.62)

96.98 
(153.07)

Baseline CA 86.88 
(115.61)

65.74 
(104.87)

86.76 
(101.12)

Post-use CA 128.81 
(138.04)

135.75 
(166.44)

119.67 
(130.49)

Baseline CA vs. AO difference 17.30 (45.70) 2.24 (35.04) −10.23 
(60.71)

Baseline CA vs. Post-use 
difference

39.19 
(73.36)**

54.18 
(58.38)***

32.92 
(31.52)*

1n = 43, missing strain information for 3 substituters; 27 individuals had one 
missing blood timepoint, 2 had two missing timepoints and 3 had three, due 
to difficulty with blood draws. #p <.05, ###p <.001, between-group, within-
timepoint comparison; *p <.05, ** p <.01, ***p <.001, within-group, between-
timepoint comparison
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Fig. 1  Substituters trended towards having significantly higher scores on the Marijuana Craving Questionnaire Expectancy subscale compared to 
Non-substituters
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measures of impulsivity, negative emotionality, and 
incentive salience administered at baseline, compared to 
non-substituters and complementers. Findings partially 
supported hypotheses, as both substituters and comple-
menters reported significantly lower levels of depres-
sion compared to non-substituters. Substituters also 
endorsed significantly lower lack of premeditation than 
non-substituters.

Higher scores on lack of premeditation and depression 
among non-substituters in the present study may reflect 
a behavioral pattern of impulsive drinking during co-
use to alleviate negative affect [2, 49, 59, 66, 72], whereas 
lower depression and greater premeditation among sub-
stituters may contribute to more conscientious drink-
ing choices [11]. In recent work, the simultaneous use 
of cannabis with alcohol has been shown to attenuate 
increases in negative affect associated with coping-moti-
vated drinking, which may reflect an underlying nega-
tive reinforcement mechanism unique to simultaneous 
use [72]. Further, recent work by Wardell and colleagues 
[69] showed a within-person association between inter-
nalizing symptoms (i.e., depression, anxiety, and stress) 
and number of heavy drinking simultaneous use days 

via reward/enhancement motives [69]. However, at 
the between-person level, greater average internaliz-
ing symptoms were associated with more light drinking 
simultaneous use days and fewer heavy drinking simul-
taneous use days via coping motives [69], highlighting 
the importance of distinguishing between use motives, 
trait-level emotional vulnerability vs. state-dependent use 
patterns, and potential behavioral differences across sub-
stance use contexts (i.e., self-report vs. laboratory). It is 
notable that both substituters and complementers dem-
onstrated significantly lower levels of depression than 
non-substituters in the present analysis. While lower 
negative emotionality among complementers compared 
to non-substituters may reflect drinking motives aimed 
at enhancing positive mood during simultaneous use 
events [54], we are hesitant to draw conclusions about 
this finding give the small (n = 7) subset of participants in 
the complementers group.

Prior studies have found associations between trait 
impulsivity and quantity of alcohol consumed on co-use 
days [11, 66], though our study was the first to investigate 
the association between trait impulsivity and substitution 
in the laboratory. We did not observe significant group 

Fig. 2  A Substituters and complementers had significantly lower scores on the Beck Depression Inventory II (BDI-II) compared to non-substuters. B 
Substituters scored significantly lower on the Depression subscale of the Depression Anxiety Stress Scale (DASS) compared to non-substituters. *p < .05
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differences in positive urgency and lack of perseverance, 
which have been shown to predict alcohol consumption 
on cannabis use days (i.e., substitution) among veterans 
[66]. Instead, we found that substituters had lower lack 
of premeditation and a trend towards lower negative 
urgency. Consistent with our findings, negative urgency 
has previously been shown to moderate the association 
between grams of cannabis used and number of drinks 
consumed in a given day for young adults, with higher 
negative urgency corresponding to greater quantities of 
cannabis and alcohol use [11]. However, Rothstein and 
Stamates, [43] found that lack of premeditation was asso-
ciated with lower co-use frequency in college students 
[43]. There is also evidence to suggest planned simulta-
neous use is associated with greater alcohol consumption 
and intoxication [13, 53], emphasizing a need for further 
research on the role of premeditation in co-use behavior 
in naturalistic settings.

Within the ANA incentive salience domain, no sig-
nificant group differences emerged, potentially reflect-
ing homogeneity introduced by study inclusion criteria 
related to alcohol and cannabis use characteristics (i.e., 
participants were not recruited on the basis of being a 

clinical sample and had relatively low levels of craving 
and dependence symptoms for both alcohol and canna-
bis) [41]. Thus, incentive salience may be less relevant 
than other ANA domains for this specific population. 
Overall, findings support the ANA’s emphasis on nega-
tive emotionality and executive function as core domains 
in addiction phenotyping, underscoring the importance 
of individual differences when considering cannabis as 
a potential substitute for alcohol. In addition, our study 
extends prior work by applying the ANA framework in 
a non-clinical sample of individuals engaged in alcohol 
and cannabis co-use in the laboratory and provides fur-
ther support for the potential utility of the ANA in non-
clinical samples [36].

Limitations and future directions
Demographic diversity within our sample was limited, 
and we did not explicitly recruit a clinical sample for this 
study. However, many of these individuals are likely to 
meet criteria for AUD and CUD based on their scores 
on baseline screening measures. Replication in a clinical 
sample with greater diversity is necessary to extend the 
generalizability of findings. We were also limited in our 

Fig. 3  A Substituters trended towards lower scores on the Difficulties in Emotion Regulation Scale (DERS) Lack of Emotional Clarity subscale compared 
to non-substituters (p = .07). B Substituters scored significantly lower on the Lack of Premeditation subscale of the Urgency, Premeditation, Perseverance, 
Sensation Seeking, and Positive urgency Impulsive Behavior Scale (UPPS-P) compared to non-substituters. *p < .05
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ability to draw conclusions regarding the complementer 
group due to the small sample size. Due to federal restric-
tions, participants consumed commercial flower canna-
bis products ad libitum during the cannabis and alcohol 
co-administration session, thus we lacked experimental 
control over cannabis dosage, strain, and mode of admin-
istration. Future studies should employ stricter dosing 
controls and could also explore co-administration of alco-
hol alongside other forms of legal-market cannabis, such 
as cannabis concentrates [24]. We also only employed 
one order of co-administration (cannabis before alcohol), 
limiting our ability to investigate order effects. Partici-
pants were also asked to abstain from cannabis use prior 
to session AO and therefore may have self-administered 
more alcohol due to cannabis withdrawal. Additionally, 
while we used behavior during a single simultaneous 
use event in the laboratory to categorize participants, 
engagement in substitutive vs. complementary use of 
cannabis and alcohol may vary within person at the 
momentary level [19], which should be further examined 
using ecological momentary assessment (EMA) or other 
experience sampling methods in combination with labo-
ratory assessments. Such a design would allow for the 
assessment of contextual factors and consequences asso-
ciated with substitution and co-use. Future research may 
also benefit from assessing state-level affect (e.g., depres-
sion, anxiety) prior to drug administration and including 
a measure of co-use expectancies at baseline [3]. Finally, 
we acknowledge that our participants were only offered 
$1 per drink not consumed, which is slightly lower than 
the amount offered in recent bar-lab studies (e.g., $2 per 
drink) [45, 46]. This could have promoted greater alcohol 
consumption during the sessions. However, given that 
the same $1 incentive was used at both lab sessions, this 
does not meaningfully impact our interpretation of sub-
stitution effects in the present study.

Conclusions
The present findings offer preliminary evidence that indi-
vidual differences in negative emotionality and impulsiv-
ity may meaningfully shape alcohol and cannabis co-use 
behavior. Notably, substitution of cannabis for alcohol in 
the laboratory was associated with lower levels of nega-
tive emotionality and impulsivity. These results, while 
preliminary, underscore the potential utility of the ANA 
framework to identify individuals who may be more or 
less likely to acutely reduce their alcohol intake while 
using cannabis, with possible implications for tailoring 
interventions or harm-reduction strategies for people 
who co-use alcohol and cannabis. However, given that 
we did not link the present findings to real-world alcohol 
or cannabis related consequences, additional longitudi-
nal research is needed to establish whether these results 
extend to real-world use patterns and consequences over 

time, and to determine whether substitution may be a 
reasonable harm-reduction strategy for some individuals 
who wish to reduce their alcohol use.
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