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Abstract

Background: Simultaneous alcohol and marijuana use (SAM) may be linked to both short-

and longer-term problems for young adults. Across two years of longitudinal data, we examined
between- and monthly within-person associations of alcohol and marijuana use patterns, including
SAM, with negative alcohol-related consequences, depressive symptoms, and general health.

Methods: 773 young adults (aged 18-23 at screening; 56% women) who used alcohol in the
year prior to study enrollment were surveyed monthly for 24 months. Multilevel models assessed
associations of alcohol and marijuana use patterns with outcomes.

Results.—Individuals who reported a higher proportion of SAM months had more negative
alcohol-related consequences (Rate Ratio [RA] = 1.49, 95% C/. 1.17,1.89). At the within-person
level, participants experienced more alcohol-related consequences on months when SAM was
reported compared to months of alcohol-only (RR=1.17, 95% C/. 1.10,1.25) and months of
concurrent alcohol and marijuana use without simultaneous use (CAM; RR = 1.20, 95% CI.
1.11,1.29). Compared to alcohol-only, SAM was associated with more depressive symptoms and
poorer general health at the between-person level and with more depressive symptoms at the
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monthly within-person level; however, SAM did not differ substantially from using neither alcohol
nor marijuana or CAM for these outcomes at either the between- or within-person level.

Conclusions.—SAM use may indicate risk for negative alcohol-related consequences, both
within months of SAM use and across more extended time periods. Individuals who engage
in SAM may experience worse mental and physical health than individuals who use alcohol
exclusively.

Keywords

simultaneous alcohol and marijuana; consequences; depressive symptoms; physical health; young
adult

1. Introduction

Recent nationwide data from the Monitoring the Future study suggest that within the prior
year a quarter of young adult drinkers engaged in using alcohol and marijuana at the same
time with overlapping effects (Terry-McElrath & Patrick, 2018). Both alcohol and marijuana
use have negative consequences (Caulkins, 2016; Hingson, Zha, & Smyth, 2017), and
simultaneous alcohol and marijuana use (SAM) may exacerbate both substance-use-specific
and more general health consequences. It may also be that individuals who engage in SAM
are prone to risky behaviors (Linden-Carmichael, Stamates, & Lau-Barraco, 2019) or use
substances to self-medicate (Bolton, Robinson, & Sareen, 2009; Turner, Mota, Bolton, &
Sareen, 2018).

1.1 Potential consequences of SAM

Young adults commonly engage in SAM to increase feelings of intoxication (Patrick, Fairlie,
& Lee, 2018; Patrick & Lee, 2018). Relative to alcohol-only or concurrent alcohol and
marijuana use within a given time period without simultaneous use (CAM), cross-sectional
studies have found past-year and past-month SAM to be positively associated with increased
intoxication effects and negative consequences (Cummings et al., 2019; Duckworth & Lee,
2019; Lee, Cadigan, & Patrick, 2017; Linden-Carmichael et al., 2019; Midanik, Tam, &
Weisner, 2007; Subbaraman & Kerr, 2015; Terry-McElrath, O’Malley, & Johnston, 2014).
Studies of particular substance use occasions (Egan et al., 2019) and daily data (Lee et

al., 2020; Linden-Carmichael, Van Doren, Masters, & Lanza, 2020; Lipperman-Kreda,
Gruenewald, Grube, & Bersamin, 2017) have also found SAM, compared to alcohol-only,
increased negative alcohol-related consequences during or following SAM occasions.

SAM may have broader effects, worsening the impact of substance use on mental health,
such as depressive symptoms, and physical health. Heavy drinking and marijuana use have
been linked to depression and multiple physical health problems among adolescents and
adults (Grgnbak, 2009; Oesterle et al., 2004; Pedrelli, Shapero, Archibald, & Dale, 2016;
Volkow et al., 2014). SAM may worsen these problems by increasing risk taking, poor
decision making, and interpersonal conflicts, all of which could lead to psychological
distress or accidents that affect general health. Associations between SAM and broader
mental and physical health may also be accounted for by common causes, such as high
levels of sensation seeking (Linden-Carmichael et al., 2019) or problems related to mental or
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physical health that lead to substance use, including SAM, as self-medication (Turner et al.,
2018).

1.2 Between- and within-person associations

Across young adulthood, individuals display both continuity and within-person shifting

in substance use patterns (Marin, Thompson, & Leadbeater, 2018). The current study
extends prior research by examining how between-person variability in SAM across 24
months (i.e., the proportion of months that were SAM months) and within-person variability
in SAM use from month-to-month relate to potential consequences. Associations at the
between-person level allow for identifying individuals at risk for poor behavioral or health
outcomes based on the number of months in which they engage in SAM. Within-person
associations of month-to-month variability in SAM being concurrently related to month-to-
month variability in outcomes may help identify particular periods of heightened risk and
guide the timing of selective or indicated intervention.

1.4 The Present Study

We used data collected monthly for 24 consecutive months in a young adult sample

to examine associations between patterns of alcohol and marijuana use and negative
alcohol-related consequences, depressive symptoms, and poor general health. The analyses
addressed whether (1) engagement in SAM in more months over two years was associated
with these outcomes and (2) month-to-month variability in SAM was associated with month-
to-month variability in outcomes. In order to assess specific effects of SAM, we contrasted
SAM with multiple other substance use patterns in addition to adjusting for amount and
frequency of alcohol and marijuana use when applicable for a given contrast. For negative
alcohol-related consequences, we examined contrasts between SAM and both alcohol-only
(controlling for amount and frequency of alcohol use) and CAM (controlling for amount/
frequency of both alcohol and marijuana use). For depressive symptoms and poor general
health, we also examined contrasts between SAM and using neither alcohol nor marijuana.
Based on findings from prior research, we expected SAM would be uniquely and positively
associated with more alcohol-related consequences. We were also guided by the hypothesis
that SAM would be uniquely associated with worse mental and general health.

2. Material and Methods

2.1 Participants and Procedures

The sample included participants in a study on substance use and young adult social role
transitions (Lee et al., 2017; Patrick, Rhew, et al., 2018). Eligibility criteria included being
18 to 23 years of age at screening, having drunk alcohol in the prior year, and living within
60 miles of the study office in Seattle, WA. Between January 2015 and January 2016,
participants were recruited through media advertisements, outreach at community colleges,
and friend referrals. Participants received $40 for completing a baseline assessment.
Subsequently, participants did surveys online in 24 consecutive months, compensated with
gift cards (up to $680 total). The University of Washington’s Institutional Review Board
approved all procedures.
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Of the 779 participants enrolled in the project, 6 were excluded from the current study
because they did not provide information on substance use in at least one monthly survey.
A majority of the sample was female (56%) and the racial composition was 59% White,
18% Asian, 5% Black, and 18% other (including Native American, Pacific Islander, and
multiracial), with 9% identifying as Hispanic/Latino. At the beginning of the study, 75%
were in school and 61% were employed at least part-time. The 773 participants in the
analytic sample completed an average of 19.98 (SD = 6.06) monthly surveys, with 76%
completing at least 18 surveys.

2.2 Measures

2.2.1 Substance use pattern, including SAM—Each month, respondents reported
on frequency of alcohol and marijuana use in the prior calendar month. Based on this
information, patterns of (1) neither alcohol nor marijuana, (2) alcohol-only, and (3)
marijuana-only were defined. Among those reporting both alcohol and marijuana use in

the reference month, we distinguished between (4) CAM and (5) SAM based on answers

to the item: “How many of the times when you used marijuana or hashish during the last
month did you use it at the same time as alcohol - that is, so that their effects overlapped?”
Response options for this item ranged from 0 (not at all) to 4 (every time). Respondents who
answered 0 were coded as engaging in CAM; respondents who responded 1 or higher were
coded as engaging in SAM.

2.2.2 Monthly alcohol and marijuana use—We computed a composite measure of
alcohol use based on three components. Frequency of (1) any alcohol use and (2) heavy
episodic drinking (threshold of 4+/5+ in a two-hour period depending on sex at birth;
National Institute of Alcohol Abuse and Alcoholism, 2003) were based on items with
response options ranging from 0 (never) to 7 (every day). We also included (3) number of
drinks consumed in a typical week (DDQ; Collins, Parks, & Marlatt, 1985). A composite
measure was computed as the mean of z-scores of the three component scores. Frequency of
marijuana use was based on the number of occasions of use, with response options ranging
from 0 (0 occasions) to 6 (40 or more occasions).

2.2.3 Alcohol use consequences—Participants who consumed alcohol indicated

if they had experienced any of 24 negative consequences in the past month using the

Brief Young Adult Alcohol Consequences Questionnaire (BYAACQ); Read, Kahler, Strong,
& Colder, 2006). Affirmative responses to the consequences were summed (a=.87-.91
across months). In secondary analyses we examined the six individual consequences

most commonly endorsed in our study. This included physical symptoms of (1) having a
hangover, (2) getting sick to the stomach or throwing up, and (3) being tired or having less
energy due to drinking. It also included social and decision-making consequences of (4)
saying or doing something embarrassing, (5) taking foolish risks, and (6) doing impulsive
things that were later regretted.

2.2.4 Depressive symptoms.—Depressive symptoms were measured with the PHQ-2
(Kroenke, Spitzer, & Williams, 2003), which asked how often, in the past month,
respondents felt bothered by (1) “Little interest or pleasure in doing things” and (2) “Feeling
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down, depressed, or hopeless.” Response options ranged from 0 (not at all) to 3 (almost
every day), and depressive symptom score was the sum of the item scores. This measure
has shown evidence of criterion validity with reference to depression diagnosis based on
structured clinical interviews (Lowe et al., 2005).

2.2.5 Poor general health—A measure of poor general health was based on one item:
“In general, how would you say your health was in (reference month)?” Response options
ranged from O (poor) to 4 (excellent). This widely used measure encompasses physical and
mental health, although it has found to be more strongly associated with physical health
(Hays et al., 2009). For a measure of poor general health, we reversed coded the items scores
so that a higher score represented worse general health.

2.2.6 Covariates—Biological sex (0=male, 1=female), age (in years) at baseline, and
race/ethnicity were used as a person-level covariates. Race/ethnicity was represented with
four categories: non-Hispanic White, non-Hispanic Asian, non-Hispanic Other (including
Black, Native American, and multiracial), and Hispanic. In regression models, race/ethnicity
was dummy coded with non-Hispanic White treated as the reference category. At the within-
person monthly level, time in the study in years (study month divided by 12) was included as
a time-varying covariate.

2.3 Data Analysis

We used multilevel models with random intercepts to estimate between- and within-person
associations between SAM and the three outcomes. These models capture between-person
associations with effects of person-level variables for proportion of months that fell within
a given substance use pattern (relative to an individual’s total number of months included
in the given analysis) and within-person associations with effects of time-varying dummy
variables for pattern of use. We ran a series of models for each outcome to contrast

SAM with other substance use patterns, controlling for quantity/frequency of alcohol and
marijuana use when applicable.

Alcohol-related consequences were assessed in alcohol-use months, limiting the substance
use patterns to alcohol-only, CAM, and SAM. A first model focused on whether SAM was
associated with more alcohol-related consequences compared to alcohol-only. Person-level
covariates included: sex, race/ethnicity, age at baseline (centered at age 21), proportion

of total months in which alcohol was used, average quantity/frequency of alcohol use
across alcohol-use months, and proportions of alcohol-use months that were CAM and
SAM (with proportion alcohol-only as the reference). Time-varying covariates were: month
of the study, quantity/frequency of alcohol use, and dummy codes for CAM and SAM
(again with alcohol-only as the reference). A second model excluded alcohol-only months
and contrasted SAM with CAM in order to assess whether SAM was associated with
consequences over and above using both alcohol and marijuana in the same month and
frequency of marijuana use. This model treated CAM as the reference category for pattern
of use, controlled for frequency of marijuana use at both the person-average and monthly
level, and adjusted for a person-level covariate for the number of months that involved both
alcohol and marijuana use.
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For depressive symptoms and poor general health, the first models used data from all months
and included all five substance use patterns. These models included person-level covariates
for proportions of all months that fell into each of the four patterns that involved alcohol

or marijuana use (with proportion neither alcohol nor marijuana as the reference) as well

as within-person dummy codes for those patterns. Subsequent models were based on (1)
months of alcohol use and included quantity/frequency of alcohol use as a between- and
within-person covariate and (2) months in which both marijuana and alcohol were used and
included both quantity/frequency of alcohol and frequency of marijuana use as between-

and within-person covariates. These models also included person-level covariates for the
proportion of total months used in the analyses.

Negative alcohol-related consequences was treated as a count variable with a negative
binomial distribution model, and the associations between covariates and the outcome are
expressed as rate ratios (RA5). RRs can be interpreted in terms of the proportional change in
number of consequences associated with a one unit increase in the given covariate (Atkins,
Baldwin, Zheng, Gallop, & Neighbors, 2013). Follow-up analyses examining individual
consequences used a logistic model, with associations expressed as odds ratios. Depressive
symptoms and poor general health were analyzed with linear models that treat these
outcomes as having a continuous and normal distribution.

Models were run with Stata 15.1 (StataCorp, 2017) and maximum likelihood estimation
with robust standard errors. Unit-specific estimates (i.e., conditional on random effects) are
provided for negative binomial and logistic models. Despite missing data due to survey
non-completion at some time points, the modeling approach should yield unbiased estimates
under the assumption that data were missing at random after accounting for model covariates
(Graham, 2012). A statistical significance criterion of p<.05 was used to organize the
presentation of the findings.

3. Results

3.1 Descriptive information on substance use

As shown in Table 1, alcohol use was reported in 78% of person months and marijuana

use in 33%. A total of 756 participants (98% of the sample) reported at least one month of
alcohol use, and 563 (73%) reported at least one month of marijuana use. The least common
monthly substance use pattern was marijuana-only (4%); the most common was alcohol-
only (48%). At the person level, 60% of the sample reported at least one SAM month,

55% reported a CAM month, 83% reported an alcohol-only month, and 21% reported a
marijuana-only month. At least one negative alcohol-related consequence was reported in
60% of alcohol-use months.

3.2 Alcohol-related consequences

The first model examining alcohol-related consequences indicated that SAM, compared
to alcohol-only, was positively associated with consequences at both the between- and
within-person level (Table 2). Based on the model estimates and holding other variables
at their sample means, an individual reporting SAM in 10% of alcohol-use months would
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be expected to have an average of 3.04 (95% C/ = 2.68, 3.40) consequences per month
compared to an average of 3.86 (95% C/ = 3.41, 4.32) for an individual reporting SAM in
70% of alcohol-use months. SAM in a particular month was associated with 17% (RR =
1.17, 95% C/=1.10,1.25) more consequences compared to alcohol-only (Table 2 and the
first panel of Figure 1). The second model, based on months in which both alcohol and
marijuana were used, indicated that, in addition to proportion of marijuana use months that
were SAM months being positively associated with consequences (RR=1.42, 95% CI =
1.05,1.93), SAM months had 20% (RR = 1.20, 95% C/=1.11,1.29) more consequences
compared to CAM months.

In secondary analyses, most estimates for SAM effects on individual consequences were
positive (see table in the online supplement). In models based on alcohol-use months, odds
ratios for between-person effects of SAM ranged from 0.91 to 2.17 (p<.05 for sick to
stomach [OR = 1.75] and fatigue [OR = 2.17]), and odds ratios for within-person effects
of SAM in a particular month ranged from 1.17 to 2.19 (p<.05 for hangover [OR = 1.48],
fatigue [OR = 1.35], took foolish risk [OR = 2.19], and did something regretted [OR =
1.50]). In models contrasting SAM with CAM, odds ratios for between-person effects of
SAM ranged from 0.76 to 2.51 (p<.05 for fatigue [ OR = 2.51]) and odds ratios for within-
person effects ranged from 1.05 to 1.76 (p<.05 for hangover [ OR = 1.53], did something
embarrassing [ OR = 1.41], and took foolish risk [OR = 1.76]).

3.4 Depressive symptoms

Alcohol-only was associated with the lowest levels of depressive symptoms out of the

five patterns of substance use. In contrast, abstaining from both alcohol and marijuana

and marijuana-only were characterized by relatively high levels of depressive symptoms
(Table 3; second panel of Figure 1). In the model using all months, both the proportion of
months that were alcohol-only (B =-0.56, 95% C/=-0.91,-0.22) and alcohol-only in a
particular month (B=-0.12, 95% C/=-0.19,-0.04) were associated with fewer depressive
symptoms compared to using neither alcohol nor marijuana. The second model, based on
alcohol-use months, indicated that the proportion of months that were SAM months was
positively associated with depressive symptoms (8= 0.39, 95% C/= 0.10,0.69) and, at

the within-person level, SAM in a particular month was associated with greater depressive
symptoms compared to alcohol-only (8= 0.09, 95% C/=0.01,0.17). The model contrasting
SAM with CAM indicated that SAM was not strongly associated with depressive symptoms
compared to CAM (between-person association: B=-0.29, 95% C/= —-0.65,0.08; within-
person association: B=0.05, 95% C/=-0.04,0.15).

3.5 Poor general health

In the first two models for poor general health (Table 4), the proportion of months that were
SAM months had positive estimated effects (B=0.31, 95% C/=0.06, 0.56 and B=0.37,
95% CI/=0.18, 0.55); that is, a higher proportion of SAM months was associated with worse
health. Differences between substance use patterns in a particular month and poor health
were all statistically non-significant (Table 4; third panel of Figure 1). In the model based

on alcohol-use months, proportion of months that were CAM months was also positively
associated with poor health (B =0.30, 95% C/ = 0.04, 0.56). The model contrasting SAM
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with CAM suggested that the difference between the two patterns was not large at either the
between-person (B =0.02, 95% C/=-0.22,0.26) or within-person level (B=0.02, 95% CI =
-0.04,0.09).

4. Discussion

Our study adds to research suggesting that simultaneous use of alcohol and marijuana

is associated with negative effects of alcohol compared to using alcohol-only or using

both alcohol and marijuana but not on the same occasion. Individuals who engaged in

SAM in more months reported more alcohol-related negative consequences on average, and
SAM in a particular month was associated with more negative consequences during that
month. Follow-up analyses pointed to risk associated with SAM across physical, social, and
decision-making consequences. This study extends prior research that has shown SAM on
a particular day or occasion to be associated with more alcohol-related consequences (e.g.,
Egan et al., 2019; Lee et al., 2020; Linden-Carmichael et al., 2020).

We found less support for the hypothesis that SAM would be uniquely associated with
worse mental and physical health. SAM accompanied more depressive symptoms and worse
general health than using alcohol exclusively, but neither of these outcomes differed for
SAM compared to CAM. Thus, there was little evidence that SAM use, in particular, over
and above marijuana use, led to worse mental and general health. Models contrasting CAM
and SAM for depressive symptoms and general health indicated that average frequency of
marijuana use was positively associated with worse outcomes. Further, among the patterns
of substance use, the relatively rare pattern of marijuana-only use was associated with the
highest levels of depressive symptoms, and alcohol-only was associated with the lowest
levels of depressive symptoms. Marijuana use among young adults may be more strongly
associated with negative emotions than alcohol use (Rhew, Cadigan, & Lee, 2021), rooted in
bidirectional effects of marijuana use worsening mental health and marijuana being used to
cope with negative emotions. In contrast, drinking alcohol during this developmental period
often occurs while socializing with friends (McCabe et al., 2014; Skrzynski & Creswell,
2020) and may be a marker for positive peer relationships.

4.1 Limitations

Data came from a community sample of alcohol users in a state where nonmedical
marijuana was legal for adults over the age of 21. The sample offered variability in behaviors
of interest, but the unique characteristics may limit generalizability. Additional limitations
include reliance on self-report data, a two-item measure of depressive symptoms, a one-item
measure of general health that is broad and subjective, and a measure of marijuana use that
did not include information on amount of use on particular occasions.

4.2 Conclusions

This study found that simultaneous use of alcohol and marijuana was associated with
worse consequences of alcohol use both on average across a two-year time period and with
respect to monthly co-variation in consequences and substance use patterns. Associations
between patterns of substance use and mental and general health problems were observed,
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but these associations did not point to riskiness of SAM in particular. One implication

is that SAM use should be taken into account when assessing shorter- and longer-term
risk for negative alcohol-related consequences. A sustained pattern of SAM indicates risk
for alcohol-related problems, and individuals who display this sustained pattern could be
targeted for interventions. At the within-person level, month-to-month variability in SAM
use may be tied to increases in alcohol-related problems in particular months. Strategies
such as just-in-time adaptive interventions aimed at providing individualized support based
on a person’s changing internal and contextual state (Nahum-Shani et al., 2018) might be
useful. Although implications are less straightforward with respect to mental and general
health, patterns and amount of substance use should also be considered when addressing
these outcomes. Overall, for instance, our findings may point to marijuana use as an
indicator of risk factor for depressive symptoms and poor general health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:
Individuals who engaged in simultaneous alcohol and marijuana use (SAM) in more

months had more negative alcohol-related consequences on average

Negative alcohol-related consequences were worse in the particular months in which
SAM occurred

Compared to using alcohol exclusively, SAM was positively associated with depressive
symptoms and poorer general health on average across two years and with depressive
symptoms at the monthly level

SAM did not substantially differ from using both alcohol and marijuana in the same
month but not simultaneously with respect to depressive symptoms or general health
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Model predicted outcomes by substance use pattern in a given month with other model

covariates at their sample mean values.
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Table 1.

Descriptive information for study variables.

Page 14

N % M SD

Person-level variables (n=773)
Female 434 56
Race/ethnicity

Non-Hispanic White 425 55

Non-Hispanic Asian 137 18

Non-Hispanic Other 142 18

Hispanic 69 9
Age at enrollment 2111 1.70
Proportion of months of alcohol use .78 .29
Proportion of months of marijuana use .36 37
Person average quantity/frequency of alcohol use across alcohol-use months (person mean of monthly
measures)? 002 082
Person average marijuana use occasions across marijuana-use months (person mean of monthly measures) 1.18 1.76
Proportions of months for patterns of use

Alcohol-only 046 034

Marijuana-only 0.04 0.12

CAM 0.10 0.16

SAM 021 030
Time-varying (months) (n=15,448)
Negative alcohol consequence (n=11,882) 2.63 3.76
Depressive symptoms 141 149
Poor health 1.56 1.02
Quantity/frequency of alcohol use? 0.00 1.00
Marijuana use occasions 1.07 1.89
Substance use pattern in a given month

Neither alcohol nor marijuana 2,873 19

Alcohol-only 7,409 48

Marijuana-only 569 4

CAM 1597 10

SAM 3,000 19

Note. SAM=simultaneous alcohol and marijuana; CAM=concurrent alcohol and marijuana but not simultaneous use.

aSum of z-scores for frequency of any alcohol use and heavy episodic drinking and number of drinks consumed in a typical week.
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Table 2:

Page 15

Multilevel negative binomial models predicting negative alcohol-related consequences.

Alcohol-use months (n = 11,909 person
months among 754 individuals)

Months in which both alcohol and
marijuana used (n = 4,469 person months
among 530 individuals)

Fixed effect RR 95% CI RR 95% ClI
Between person
Intercept 0.53 (0.37,0.75) 0.75 (0.59,0.96)
Female 1.54 (1.34,1.78) 1.28 (1.09,1.51)
Race/ethnicity

Non-Hispanic White ref. ref. ref. ref.

Non-Hispanic Asian 117 (0.95,1.42) 1.39 (1.09,1.77)

Non-Hispanic Other 1.21 (1.01,1.45) 1.15 (0.94,1.41)

Hispanic 1.03 (0.81,1.31) 1.07 (0.82,1.40)
Age in years 1.00 (0.95,1.04) 1.01 (0.97,1.06)
Proportion of all months

Alcohol use 1.23 (0.82,1.84)

Alcohol and marijuana use 1.04 (0.74,1.44)
Person average substance use quantity/frequency

Alcohol use quantity/frequency 1.60 (1.39,1.84) 1.42 (1.25,1.62)

Marijuana use occasions 1.01 (0.94,1.09)
Proportion of alcohol-use months

Alcohol-only ref. ref.

CAM 1.03 (0.66,1.62)

SAM 1.49 (1.17,1.89)
Proportion of alcohol and marijuana months

CAM ref. ref.

SAM 1.42 (1.05,1.93)
Within-person (time-varying)
Month of study (in years) 0.89 (0.85,0.93) 0.96 (0.91,1.02)
Quantity/frequency of alcohol use 2.07 (1.97,2.19) 1.83 (1.72,1.95)
Marijuana use occasions 0.98 (0.95,1.01)
Substance use category

Alcohol-only ref. ref.

CAM 1.04 (0.97,1.12) ref. ref.

SAM 1.17 (1.10,1.25) 1.20 (1.11,1.29)
Random effects
Intercept variance 0.73 0.60

Note. SAM=simultaneous alcohol and marijuana; CAM=concurrent alcohol and marijuana but not simultaneous use. Bold typeface indicates fixed

effects p<.05
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Table 3.

Multilevel linear models predicting depressive symptoms

Page 16

Fixed effects

All months (n = 15,336 person
months among 773 individuals)

Alcohol-use months (n =

11,921 person months among

755 individuals)

Months in which both alcohol
and marijuana used (n = 4,553
person months among 545
individuals)

B 95% Cl

B

95% ClI

B 95% Cl

Between person
Intercept
Female
Race/ethnicity

Non-Hispanic White
(reference)

Non-Hispanic Asian
Non-Hispanic White Other
Hispanic
Age in years
Proportion of all months
Alcohol use
Both alcohol and marijuana use
Person average substance use
Alcohol use quantity/frequency
Marijuana use occasions
Proportion of all months
Neither alcohol nor marijuana
Alcohol-only
Marijuana-only
CAM
SAM
Proportion of alcohol-use months
Alcohol-only
CAM
SAM

Proportion of alcohol and
marijuana months

CAM

SAM
Within-person (time-varying)
Month of study (in years)
Quantity/frequency of alcohol use
Marijuana use occasions
Pattern of substance use

Neither alcohol nor marijuana

Alcohol-only

Addict Behav. Author manuscript; available in PMC 2022 December 01.

1.74 (1.44,2.03)
0.29 (0.14,0.44)

ref. ref.

-0.02 (-0.22,0.17)
-0.02 (-0.22,0.19)
-0.02 (-0.28,0.25)
0.01 (~0.03,0.06)

ref. ref.

-0.56 (-0.91,-0.22)
0.26 (~0.76,1.28)
-0.48 (~0.99,0.03)
-0.03 (~0.41,0.36)

-0.08 (-0.14,-0.03)

ref. ref.

-0.12 (-0.19,-0.04)

1.82
0.28

ref.

-0.02
-0.03
0.00
0.02

-0.85

ref.
0.27
0.39

-0.06
0.02

(1.47,2.18)
(0.13,0.44)

ref.

(-0.23,0.18)
(-0.24,0.18)
(-0.28,0.27)
(-0.02,0.07)

(~1.26,-0.44)

(-0.04,0.26)

ref.
(-0.13,0.67)
(0.10,0.69)

(-0.12,0.00)
(~0.03,0.06)

ref.

1.12 (0.82,1.42)
0.20 (-0.01,0.41)

ref. ref.

-0.01 (-0.29,0.26)
0.04 (-0.23,0.32)
0.04 (-0.33,0.40)
0.01 (-0.04,0.07)

-0.13 (~0.54,0.29)

-0.03 (-0.20,0.14)
0.13 (0.03,0.23)

ref. ref.
-0.29 (-0.65,0.08)

0.01 (-0.07,0.10)
0.09 (0.02,0.15)
0.03 (-0.02,0.07)
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Months in which both alcohol
Alcohol-use months (n = and marijuana used (n = 4,553
All months (n = 15,336 person 11,921 person months among person months among 545
months among 773 individuals) 755 individuals) individuals)
Fixed effects B 95% Cl B 95% ClI B 95% Cl
Marijuana-only 0.12 (-0.05,0.29)
CAM -0.05 (-0.16,0.06) 0.05 (-0.03,0.13) ref. ref.
SAM -0.03 (-0.13,0.08) 0.09 (0.01,0.17) 0.05 (-0.04,0.15)
Random effects
Intercept variance 1.01 1.01 1.04
Within-person variance 1.14 1.06 1.09

Note. SAM=simultaneous alcohol and marijuana; CAM=concurrent alcohol and marijuana but not simultaneous use. Bold typeface indicates fixed

effect p<.05
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Multilevel linear predicting poor general health.

Table 4.

Page 18

Fixed effects

All months (n = 14,528

person months among 767

individuals)

Alcohol-use months (n = 11,229
person months among 748
individuals)

Months in which both alcohol
and marijuana used (n = 4,268
person months among 534
individuals)

95% Cl

B 95% Cl

B 95% Cl

Between person
Intercept
Female
Race/ethnicity
Non-Hispanic White (reference)
Non-Hispanic Asian
Non-Hispanic Other
Hispanic
Age in years
Proportion of all months
Alcohol use
Both alcohol and marijuana use
Person average substance use
Alcohol use quantity/frequency
Marijuana use occasions
Proportion of all months
Neither alcohol nor marijuana
Alcohol-only
Marijuana-only
CAM
SAM
Proportion of alcohol-use months
Alcohol-only
CAM
SAM

Proportion of alcohol and
marijuana months

CAM

SAM
Within-person (time-varying)
Month of study (in years)
Quantity/frequency of alcohol use
Marijuana use occasions
Pattern of substance use

Neither alcohol nor marijuana

Alcohol-only

1.22
0.32

0.03
0.06
0.08
0.01

ref.
-0.09
0.42
0.08
0.31

0.08

ref.
0.03

(1.02,1.42)
(0.22,0.42)

(-0.11,0.17)
(~0.08,0.20)
(~0.10,0.25)
(-0.02,0.04)

ref.
(-0.32,0.15)
(-0.18,1.02)
(~0.26,0.42)
(0.06,0.56)

(0.04,0.11)

ref.
(-0.03,0.08)

141 (1.18,1.64)
0.28 (0.17,0.39)

0.02 (-0.13,0.16)
0.05 (~0.09,0.20)
0.07 (-0.10,0.24)
0.01 (-0.03,0.04)

-0.28 (~0.53,-0.02)

0.00 (-0.09,0.10)

ref. ref.
0.30 (0.04,0.56)
0.37 (0.18,0.55)

0.09 (0.05,0.13)
0.03 (0.00,0.06)
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1.06 (0.87,1.25)
0.29 (0.15,0.43)

0.02 (-0.20,0.24)
0.19 (0.01,0.38)

0.17 (-0.04,0.37)
-0.01 (-0.05,0.03)

0.01 (-0.28,0.29)

0.00 (-0.11,0.10)
0.08 (0.01,0.14)

ref. ref.

0.02 (-0.22,0.26)

0.11 (0.05,0.17)
0.03 (-0.02,0.08)
0.00 (-0.03,0.03)
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All months (n = 14,528 Alcohol-use months (n = 11,229  Months in which both alcohol
person months among 767 person months among 748 and marijuana used (n = 4,268
individuals) individuals) person months among 534
individuals)
Fixed effects B 95% Cl B 95% Cl B 95% Cl
Marijuana-only 0.08 (-0.02,0.17)
CAM 0.00 (—0.07,0.08) -0.04 (-0.10,0.02) ref. ref.
SAM 0.01 (—0.06,0.09) -0.03 (-0.09,0.03) 0.02 (—0.04,0.09)
Random effects
Intercept variance 0.44 0.43 0.43
Within-person variance 0.56 0.56 0.54

Note. SAM=simultaneous alcohol and marijuana; CAM=concurrent alcohol and marijuana but not simultaneous use. Bold typeface indicates p<.05
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