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Abstract

Simultaneous alcohol and marijuana (SAM) use – or use of both substances with overlapping 

effects – is common among emerging adults and is linked to increased risk for problematic 

substance use outcomes. The current study identified subgroups of emerging adult SAM users 

based on their typical alcohol and marijuana use patterns and compared groups on key individual 

characteristics. Latent profile analysis uncovered four profiles of SAM users (n=522): Light 

Users (LU; 49.0%), Moderate Drinkers with Frequent Marijuana Use (MDFM; 37.9%), Moderate 

Drinkers with High Peak Levels (MDHP; 5.4%), and Heavy/Frequent Users (HFU; 7.7%). Group 

differences by demographic characteristics were found, with LU more likely to be college 

attendees/graduates than MDFM. Additionally, HFU were more likely to be Greek-affiliated than 

both LU and MDFM. Groups also differed based on other drug use behavior and preferred route 

of marijuana administration. Findings demonstrate diversity among SAM users based on typical 

substance use patterns.
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Simultaneous alcohol and marijuana (SAM) use – or the use of alcohol and marijuana 

such that the effects overlap – is prevalent among emerging adult drinkers (White, Kilmer, 

Fossos-Wong, Hayes, Sokolovsky, & Jackson, 2019) with 30% of emerging adult drinkers 

reporting SAM use (Terry-McElrath & Patrick, 2018). Relative to individuals who use 

alcohol but not marijuana, SAM users are at greater risk for heavy substance use (Linden-

Carmichael, Stamates, & Lau-Barraco, 2019), driving under the influence (Subbaraman & 

Kerr, 2015), alcohol-related accidents (Arterberry, Treloar, & McCarthy, 2017), academic 

problems (Brière, Fallu, Descheneaux, & Janosz, 2011), and alcohol use disorder symptoms 
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(Midanik, Tam, & Weisner, 2007). Recent evidence points to historical increases in SAM 

use among individuals in this age group (Terry-McElrath & Patrick, 2018). As brief 

motivational interventions aimed at reducing the combined use of alcohol and marijuana 

have been unsuccessful (Stein et al., 2018), the development of prevention and intervention 

efforts targeting SAM use is critically needed.

The majority of work examining SAM-related risk has collapsed individuals into a broader 

category of “SAM users,” discounting potential heterogeneity within users. Prior research 

has capitalized on person-centered approaches to uncover latent profiles of alcohol users 

(e.g., Aresi, Cleveland, Marta, & Alfieri, 2018; Lau-Barraco, Braitman, Stamates, & 

Linden-Carmichael, 2016) and marijuana users (Krauss, Rajbhandari, Sowles, Spitznagel, 

& Cavazos-Rehg, 2017; Manning et al., 2019), but limited person-centered work has 

focused on the patterning of alcohol, marijuana, and SAM use (Arterberry et al., 2017; 

Cadigan, Dworkin, Ramirez, & Lee, 2019; Davis, Slutske, Martin, Agrawal, & Lynskey, 

2019; Patrick, Kloska, Terry-McElrath, Lee, O’Malley, & Johnston, 2018). Arterberry and 

colleagues (2017) identified four classes of college students based on their typical substance 

use and drugged driving patterns: low-level engagers who reported low rates of substance 

use; alcohol-centric engagers with higher rates of alcohol use but low marijuana/SAM use; 

concurrent engagers with high rates of marijuana, alcohol, and SAM use; and marijuana-

centric/SAM engagers. Marijuana-centric/SAM engagers reported the highest rates of 

marijuana use and risky driving behaviors. Among a sample of college-attending young 

adults who reported past-year alcohol use, Cadigan et al. (2019) identified a class of 

non-users, two classes of individuals who used only alcohol but at different levels, and 

one class of SAM users. Among adult Australians, Davis and colleagues (2019) identified 

four types of marijuana users based on their co-use of multiple substances: alcohol co-use, 

simultaneous alcohol users, simultaneous tobacco users, and simultaneous alcohol, tobacco, 

and drug users. Lastly, in a national sample of 12th graders who reported past-year alcohol 

and/or marijuana use, Patrick et al. (2018) identified a class of individuals who used 

only alcohol, a class of non-simultaneous alcohol and marijuana users, and two classes 

of simultaneous users who differed in their probability of excessive alcohol use. The SAM 

user classes identified by Patrick and colleagues differed on a variety of demographic and 

behavioral characteristics. Specifically, relative to the “lighter” SAM use class, individuals 

belonging to the “heavier” SAM use class were more likely to be male, White, have more 

evenings out, have higher truancy, report illicit drug use other than marijuana, and were less 

likely to have college plans. These differences between lighter and heavier SAM user classes 

suggest that SAM users may be a diverse subgroup of substance users.

To fully uncover the complex patterning of SAM use, the current study sought to expand 

upon these previous studies by identifying subgroups of emerging adult alcohol and 

marijuana users within a sample comprised exclusively of individuals who engaged in 

SAM use and binge drinking (4+/5+ alcoholic beverages in one sitting for women/men) 

in the past month. Specifically, we used latent profile analysis (LPA), a person-centered 

statistical technique that can identify distinct groups of individuals based on shared 

characteristics. Profiles were identified based on a wide range of participants’ typical 

alcohol and marijuana use behaviors and then compared on demographic characteristics 

(i.e., age, sex, race/ethnicity, college education status, Greek affiliation) and substance use 
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behavior (i.e., tobacco use, other drug use). Lastly, in light of emerging research illustrating 

differences in level of intoxication based on route of marijuana administration (Cooper & 

Haney, 2009; Spindle et al., 2018), we also compared SAM user profiles across participants’ 

most frequently used marijuana delivery system. As our findings were exploratory in nature, 

no a priori hypotheses were specified.

METHOD

PARTICIPANTS AND PROCEDURE

Participants were recruited from July to September 2018 using Amazon’s Mechanical 

Turk (MTurk), a crowdsourcing Internet marketplace for researchers to pay participants 

to complete online tasks, including questionnaires. MTurk has shown good reliability and 

validity in collecting substance use data (Kim & Hodgins, 2017; Strickland & Stoops, 2019). 

Eligible participants (1) were 18–25 years old, (2) reported past-month binge drinking, 

(3) reported past-month SAM use, (4) lived in the U.S., (5) spoke fluent English, (6) had 

an MTurk task approval rating >95%, and (7) completed ≥50 tasks on MTurk previously. 

Similar to the assessment of SAM use in the Monitoring the Future study (e.g., see Terry-

McElrath & Patrick, 2018), to determine status as a past-month SAM user, participants were 

asked, “How many of the times when you used marijuana during the past month did you use 

it at the same time as alcohol- that is, so that their effects overlapped?”. Participants who 

reported at least one instance of using both substances so that the effects overlapped in the 

past month were identified as a SAM user.

After obtaining informed consent, eligible participants completed an online survey and were 

compensated $1.00. Attention checks were placed throughout the survey, and participants 

were removed from participation if they missed multiple checks. Study procedures 

were approved by the university’s Institutional Review Board. Additional information on 

participants and procedures can be found in the parent study (Linden-Carmichael, Masters, 

& Lanza, 2020a).

A sample of 538 eligible emerging adults completed the survey. Sixteen participants were 

excluded based on conflicting responses regarding their past-year marijuana use, yielding an 

analytic sample of 522 participants. Demographic and substance use characteristics of the 

sample are listed in Table 2.

MEASURES

ALCOHOL USE.—Using the Daily Drinking Questionnaire (DDQ; Collins, Parks, & 

Marlatt, 1985), participants indicated how many standard alcoholic drinks they typically 

consumed on each day of the week in the past three months, yielding estimates for 

typical number of drinks consumed per day (quantity), typical number of drinking days per 

week (frequency), and typical number of binge drinking days per week (binge frequency). 

Participants also indicated the maximum number of drinks they consumed in one sitting 

in the past 30 days (heaviest use). Participants were provided with pictures of standard 

alcoholic drinks for reference.
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MARIJUANA USE.—A modified version of the DDQ (Bravo, Pearson, Conner, & Parnes, 

2017; Collins, Bradizza, & Vincent, 2007) assessed marijuana use during a typical week in 

the past three months. Participants were provided with pictures of average-sized joints and 

were asked to estimate the number of average-sized joints they use per day, on average. 

Participants were instructed to, if using a pipe or blunt instead, estimate the number of 

average-sized joints they could have rolled. Daily marijuana estimates during a typical week 

yielded estimates for typical number of joints (or equivalent) smoked per day (quantity) 

and typical number of marijuana use days per week (frequency). Participants also indicated 

the maximum number of joints (or equivalent) they smoked in one day in the past 30 

days (heaviest use) as well as their most frequent route of marijuana administration (rolling 

papers/joints, hand pipes, water pipes, hookah, vaporization, edibles, or other).

OTHER SUBSTANCE USE.—Dichotomous variables were computed to represent past 

12-month use of tobacco and past 12-month use of drugs other than tobacco or marijuana 

(opiates, barbiturates, club drugs, tranquilizers, cocaine, crack, amphetamines, steroids, 

inhalants, psychedelics, and other prescription drugs used nonmedically).

STATISTICAL ANALYSIS

LPAs were conducted using Mplus Version 8.1 with continuous indicators of alcohol use 

(quantity, frequency, binge frequency, heaviest use) and marijuana use (quantity, frequency, 

heaviest use). The Akaike Information Criteria (AIC), Bayesian Information Criteria 

(BIC), and sample size-adjusted Bayesian Information Criteria (SSA-BIC) were used to 

identify the optimal number of profiles, with lower values indicating improved model fit 

(Nylund, Asparouhov, & Muthén, 2007). The Lo-Mendell-Rubin (LMR) likelihood ratio test 

compared fit between models with k and k – 1 profiles (Wang & Wang, 2012). Higher 

relative entropy values, ranging from 0.0 to 1.0, indicated greater classification accuracy 

of each possible solution. Participants were assigned to their most likely profile based 

on posterior probabilities. The Bolck-Croon-Hagenaars (BCH) method (Bolck, Croon, & 

Hagenaars, 2004) was used to compare the profiles on demographic characteristics and 

substance use behaviors.

RESULTS

LATENT PROFILES OF ALCOHOL AND MARIJUANA USE AMONG SAM USERS

Table 1 outlines fit statistics for solutions with one through seven latent profiles. Although 

the AIC, BIC, and SSA-BIC decreased as the number of profiles increased, the LMR 

likelihood ratio test indicated that a four-profile solution was optimal. As seen in Table 

2, Profile 1 was characterized by lower than average alcohol and marijuana use on all 

indicators. This profile was labeled “Light Users” (LU) and represented 49% (n=256) of the 

sample. Profile 2, representing 38% (n=198) of the sample, reported alcohol and marijuana 

use levels comparable to the sample mean and were labeled “Moderate Drinkers with 

Frequent Marijuana Use” (MDFM). Profile 3 was characterized by average levels of alcohol 

use yet particularly high levels of alcohol and marijuana use on their heaviest occasion. This 

profile was labeled “Moderate Drinkers with High Peak Levels” (MDHP) and represented 

5% of participants in our sample (n=28). Finally, with the exception of marijuana use days 
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per week and maximum number of joints, the n=40 participants (8%) in Profile 4 had the 

highest mean values on use indicators and were labeled “Heavy/Frequent Users” (HFU).

PROFILE COMPARISONS

Latent profiles were compared on demographic characteristics (see Table 2), and significant 

differences were found based on college status and Greek affiliation. LU were more likely 

to be college attendees/graduates than MDFM. HFU were more likely to be Greek-affiliated 

than both LU and MDFM. Profiles did not differ based on sex, race/ethnicity, or age.

Profiles also differed based on substance use behavior. As compared to both LU and 

MDFM, HFU were more likely to engage in other drug use besides tobacco and marijuana 

use. MDFM were more likely to engage in other drug use than LU. Profiles did not differ 

based on tobacco use.

Several profile differences were found based on most frequent route of marijuana 

administration. LU and MDHP were more likely to use rolling/paper joints than MDFM. 

MDFM were more likely to use water pipes than both LU and MDHP. LU and MDFM were 

more likely to vape than HFU and more likely to use edibles than MDHP. LU, MDFM and 

HFU were all more likely to use a hookah than MDHP. Profiles did not differ on use of hand 

pipes or other routes of marijuana administration.

DISCUSSION

The current study identified latent profiles of typical alcohol and marijuana use behaviors 

among a sample of SAM users and compared profiles across individual-level characteristics 

and substance use behaviors. Findings revealed four distinct profiles: Light Users, Moderate 

Drinkers with Frequent Marijuana Use, Moderate Drinkers with High Peak Levels, and 

Heavy/Frequent Users. While prior work has largely categorized individuals as “SAM” or 

“non-SAM” users based on whether individuals have or have recently engaged in any SAM 

use, our findings demonstrate heterogeneity among SAM users based on typical alcohol and 

marijuana use patterns. As the field advances in identifying individuals at greatest risk for 

high-risk substance use and associated consequences, our findings highlight the importance 

of considering the quantity, frequency, and heaviness of alcohol and marijuana use.

Several noteworthy findings emerged when comparing profiles across a variety of 

demographic characteristics and substance use behaviors. First, with 62.3% of participants 

reporting past-year substance use beyond alcohol, marijuana, or tobacco use, SAM users 

might be likely to use other drugs such as opioids, club drugs, and stimulants. These findings 

are in line with other emerging evidence pointing to the high prevalence and potential 

for deleterious effects of the tri-use of alcohol, marijuana, and tobacco (Baggio, Deline, 

Studer, Mohler-Kuo, Daeppen, & Gmel, 2014; Linden-Carmichael, Van Doren, Masters, & 

Lanza, 2020b; Roche, Bujarski, Green, Hartwell, Leventhal, & Ray, 2019) including several 

recent studies using person-centered statistical analyses (i.e., Davis et al., 2019; Bailey, 

Farmer, & Finn, 2019). In particular, Davis and colleagues found that individuals reporting 

simultaneous cannabis and tobacco use may be at highest risk for problematic outcomes. 

Altogether, as many studies have compared SAM users to alcohol-only users on broader 
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negative outcomes, it is important for future research to continue to consider that SAM users 

could be engaging in substance use beyond alcohol and marijuana use that may account for 

harms, and to consider the use of person-centered statistical analyses to accommodate the 

potential heterogeneity that may exist among SAM users.

A second noteworthy finding concerned the MDFM group. MDFM – the profile with 

the most frequent marijuana use and the second-highest prevalence of other drug use – 

had the highest proportion of non-college-attending emerging adults. Non-college-attending 

emerging adults being at risk for heavy/multiple substance use is consistent with recent 

Monitoring the Future data indicating that prevalence of use of several drugs – particularly 

marijuana, cigarettes, and synthetic drugs – is higher for non-college-attending than college-

attending students, and daily marijuana use has risen for non-college-attending emerging 

adults in the past five years (Schulenberg, Johnston, O’Malley, Bachman, Miech, & Patrick, 

2019). However, when comparing profiles by Greek affiliation in the current study, it was 

clear that the HFU profile had a disproportionately high level of emerging adults involved in 

fraternities and sororities.

Finally, findings from our study revealed that profiles of SAM users differed by preferred 

route of marijuana administration. Route of administration has major implications for 

level of intoxication achieved (Cooper & Haney, 2009; Spindle et al., 2018) and risk 

for problematic or dependent use (Baggio et al., 2014; Chabrol, Roura, & Armitage, 

2003). Assessment methods for marijuana use quantity should be adapted to incorporate 

the potential for multiple products used beyond joints. In addition to understanding the 

heterogeneity in SAM users based on their level and frequency of use, future work should 

also consider the type and number of routes used in identifying SAM users most at risk for 

high-risk substance use.

As the prevalence of SAM use increases historically among young adults (Terry-McElrath 

& Patrick, 2018) and SAM use is consistently linked to increased risk for negative 

consequences (e.g., Subbaraman & Kerr, 2015), prevention and intervention efforts need 

to address SAM use and be tailored to SAM users. Efforts to reduce dual alcohol and 

marijuana use have thus far been unsuccessful (Stein et al., 2018). In concert with recent 

studies documenting unique motivations for engaging in SAM use (Patrick, Fleming, Fairlie, 

& Lee, 2020) and unique socio-environmental contexts for engaging in SAM use (Linden-

Carmichael, Allen, & Lanza, 2020; Lipperman-Kreda, Gruenewald, Grube, & Bersamin, 

2017) relative to using only alcohol, findings from the current study indicate that a one-

size-fits-all intervention may be less advantageous for SAM users and that interventions 

should consider the role of other substance use (e.g., tobacco) and other individual-level 

characteristics when working with higher-risk SAM users.

Findings should be interpreted in light of several caveats. First, study findings are based on 

self-reported, typical substance use behavior. Such reports may be impacted by participants’ 

recall biases and/or social desirability biases. Second, our sample consisted of Amazon 

MTurk workers. MTurk has been available since 2005 and has been widely used for research 

purposes including survey research and experimental designs (Chandler & Shapiro, 2016) 

including studies focused specifically on addictive behaviors (e.g., Amlung, Reed, Morris, 
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Aston, Metrik, & MacKillop, 2019). Although MTurk has demonstrated itself to be a 

reliable and valid platform from which to collect substance use data (Strickland & Stoops, 

2019), MTurk participants are more likely to have certain personality characteristics (e.g., 

lower social engagement; McCredie & Morey, 2019) which could impact generalizability to 

the larger population of emerging adult SAM users. Third, because the goal of the parent 

project was to identify language for describing subjective experiences when consuming 

heavy levels of alcohol, cannabis, and SAM use (Linden-Carmichael et al., 2020a), we 

recruited only SAM users who reported recent binge drinking. As a result, our findings may 

be less generalizable to lighter drinkers. Relatedly, participants must have reported any SAM 

use and binge drinking in the past month. This eligibility criterion may have implications for 

two important issues: (1) although the phrasing of the item to assess SAM use (“How many 

of the times when you used marijuana during the past month did you use it at the same time 

as alcohol – that is, so that their effects overlapped?”) is consistent with the measure used in 

the Monitoring the Future study to assess SAM use (Terry-McElrath & Patrick, 2018), the 

phrasing in this measure precludes us from examining SAM use frequency as an indicator 

or covariate in our latent profiles; further, (2) it is possible that very infrequent substance 

users who only engaged in SAM use once, perhaps, were included in our sample. While 

few of our eligible participants reported that they did not drink alcohol (n = 2; 0.4%) or use 

cannabis (n = 23; 4.4%) during a typical week, future work building upon these findings 

may benefit from recruiting a more diverse sample of SAM users to comprehensively 

assess SAM use patterns. Finally, our measures of typical marijuana use inquired about 

joints specifically. Although we also asked participants to estimate the number of joints 

they would have smoked if they had used a pipe or a blunt, other marijuana delivery 

systems (e.g., vape pens) were not incorporated in this measure. As the field continues to 

develop best practices for assessing marijuana use quantity, the wide variation in preferred 

route of marijuana administration in our study and in others suggest future work should 

incorporate multiple routes when developing and standardizing a measure. Limitations 

notwithstanding, SAM users are diverse when it comes to demographic characteristics and 

substance use behavior. Future research should replicate these findings among national 

samples of emerging adults while continuing to consider subgroups of SAM users who are 

in greatest need of intervention and prevention efforts.
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Table 1

Summary of Model Fit Statistics for Latent Profile Models

Number of Profiles AIC BIC SSA-BIC Relative Entropy LMR p

1 17109.255 17168.863 17124.424 - -

2 16269.518 16363.187 16293.354 0.975 0.0002*

3 15745.494 15873.224 15777.997 0.962 0.0105*

4 15274.834 15436.625 15316.005 0.976 0.0450*

5 15081.713 15277.566 15131.551 0.982 0.2503

6 14950.087 15180.001 15008.593 0.938 0.6491

7 14813.374 15077.349 14880.547 0.941 0.4716

Notes. AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria; SSA-BIC = sample size-adjusted Bayesian Information Criteria; 
LMR = Lo-Mendell-Rubin likelihood ratio test.

*
p < 0.05.
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