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ARTICLE INFO ABSTRACT

Keywords: Background: Prompted by the ongoing debate regarding whether cannabis serves as a complement to or sub-
Cannabis stitute for alcohol, this study uses prospective data to examine daily associations between medicinal versus
Alcohol recreational cannabis and alcohol use in veterans.

MEdiCi“_al Methods: Three semi-annual waves of Timeline Followback Interview data were collected from a sample of
3::::::“31 veterans who reported co-using alcohol and cannabis on at least one day (N = 115; 56% medicinal users; 93%
Co-use male; 62,100 observations). Linear mixed effects models were used to examine the association between daily

cannabis use and number of drinks consumed across time for both medicinal and recreational users and to
examine the frequency medicinal cannabis used to substitute for alcohol.

Results: Compared to medicinal users, recreational users were more likely to drink more on cannabis use days
relative to non-use days. Among medicinal users, those endorsing more frequent use of cannabis as a substitute
for alcohol reported fewer number of drinks consumed on days when cannabis was used relative to non-use days.
Conclusions: Among veterans, recreational users are at greater risk for increased drinking when co-using can-
nabis at the daily level, an association that is stable over time. Medicinal users may be at lower risk for increased
drinking on days when cannabis is also used, especially those who endorse using cannabis to substitute for
alcohol. Findings help clarify the debate on cannabis-alcohol substitution or complementary associations in a
sample of veterans and suggests that alcohol interventions should address cannabis use as a risk factor, especially
for recreational users.

1. Introduction

In the wake of increased legislation sanctioning the recreational and
medicinal use of cannabis in the United States, there is growing interest
on the impact of cannabis on other substance use, including alcohol
(Staiger et al., 2012; Yurasek et al., 2017). Alcohol consumption and
related consequences are of significant public health concern, as alcohol
is the 3rd leading cause of preventable death in the United States
(Centers for Disease Control and Prevention (CDC), 2013). Cannabis is
frequently used with alcohol, and this co-use has been associated with
increased alcohol consumption, consequences, and alcohol use disorder
(AUD) (Briere et al.,, 2011; Haas et al., 2015; Patrick et al., 2017;
Shillington and Clapp, 2006; Subbaraman and Kerr, 2015). Individuals
with cannabis dependence have nearly double the long-term risk for
experiencing alcohol related problems (Copeland et al., 2012) and are
more likely to develop AUD (Lopez-Quintero et al., 2010) compared to
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drinkers who do not use cannabis. Further, cannabis use during alcohol
treatment is associated with negative alcohol-related treatment out-
comes (Aharonovich et al., 2005; Mojarrad et al., 2014; Subbaraman
et al., 2019, 2018; Subbaraman et al., 2017). Despite the clinical and
public health risks associated with co-use, questions remain whether
cannabis use acts as a substitute (cannabis is used to replace the effects
of alcohol) or complement (cannabis is used to enhance alcohol in-
toxication) for alcohol use (Subbaraman, 2016), and whether these
patterns change over time.

Conflicting evidence exists suggesting cannabis acts as both a sub-
stitute and complement of cannabis use (see review, Subbaraman,
2016). Regarding substitution, individuals abstinent from cannabis re-
ported greater alcohol consumption and craving during an experi-
mental abstinence period (Peters and Hughes, 2010). State-level policy
studies also find that cannabis can function as a substitute for alcohol
consumption (Chaloupka and Laixuthai, 1997; Clements and Daryal,
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2005; Subbaraman, 2016). There is equally compelling evidence that
cannabis acts as a complement to alcohol use: the majority of epide-
miological studies, as well as studies examining individual-level out-
comes, indicate cannabis use is related to increased consumption of
alcohol (Subbaraman, 2016). Thus, it is critical to use nuanced mea-
surement of alcohol and cannabis use, including daily and event-level
studies, in order to clarify these patterns.

Rather than examine the effects of cannabis on alcohol consump-
tion, to date most event-level studies of co-use have examined outcomes
and consequences related to simultaneous use of alcohol and cannabis
among adolescents and college students (Lipperman-Kreda et al., 2017;
Mallett et al., 2017) or effects of co-use on cannabis intoxication
(Hughes et al., 2014) or use (O’Hara et al., 2016). However, recent
work found that daily cannabis use among veterans was associated with
increased likelihood of same-day moderate drinking compared to no
drinking, and same-day heavy drinking compared to moderate drinking
(Metrik et al., 2018b). Similarly, the first longitudinal study examining
the effect of cannabis use on alcohol use (Gunn et al., 2018) found that
cannabis use days were associated with more drinks and higher esti-
mated blood alcohol concentration (eBAC) compared to non-cannabis
use days. This study also found that these associations strengthened
over the course the study (the first two years of college), suggesting the
link between cannabis use at the daily level and more drinking in-
creases over these formative years. Although compelling, data collec-
tion for this study included a sample of college students, limiting gen-
eralizability.

In addition to person-level factors such as age (Wen et al., 2015),
several moderators of the association between cannabis and alcohol use
have been identified. Metrik et al. (2018b) revealed that individuals
with an AUD were significantly more likely to drink heavily on cannabis
use days compared to drinkers without an AUD; however, individuals
with cannabis use disorder (CUD) were significantly less likely to drink
heavily on cannabis use days. In Gunn et al (2018), pre-college levels of
alcohol use and problems predicted increased alcohol consumption on
cannabis use days. Together with clinical and epidemiological studies,
this research suggests that those with problematic alcohol use or AUD
are at increased risk for heavier consumption when also using cannabis.
However, a potential substitution effect may be present for individuals
who are using cannabis at heavy or dependent levels—specifically for
those without any evidence of AUD—as their demand for alcohol may
be diminished in the presence of cannabis (Metrik et al., 2018b). To
further elucidate the nature of the cannabis-alcohol association, it
would be informative to closely examine medicinal cannabis users, who
report using cannabis at a daily or nearly daily level (Lin et al., 2016).

Medicinal cannabis users have cited use of cannabis as a substitute
for alcohol and as a way to better manage alcohol withdrawal symp-
toms (Reiman, 2007, 2009). Among medicinal cannabis users, cannabis
may be less strongly associated with increased alcohol consumption.
For instance, national data suggest that medicinal users are less likely to
have an AUD compared to recreational users (Lin et al., 2016). In a
large study (N = 1971) of veterans, those who reported cannabis use
for medicinal purposes also reported using alcohol less frequently,
compared to those who reported only recreational cannabis use (Loflin
et al,, 2017a,b). Finally, veterans who use cannabis recreationally
(compared to those who use medicinally) report higher frequency of
alcohol use and are more likely to report alcohol intoxication as a
motive for cannabis use (e.g., using cannabis “because you were under
the influence of alcohol”) (Metrik et al., 2018a). Together, these studies
suggest that medicinal users may use cannabis to reduce alcohol con-
sumption (i.e. substitution) (Lin et al., 2016; Loflin et al., 2017b; Metrik
et al., 2018a). However, to date, there are no event or daily-level ex-
aminations of the association between cannabis and alcohol use among
medicinal versus recreational cannabis users.
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1.1. The current study

The current study sought to extend this body of literature by ex-
amining daily associations between cannabis and alcohol use across one
and a half years in medicinal and recreational cannabis users. The
sample was recruited from a Veterans Health Administration (VHA)
facility to examine a specific population with disproportionately higher
rates of substance use disorders, relative to the general population (Seal
et al., 2011). In order to elucidate competing substitution versus com-
plementation hypotheses, follow-up exploratory analyses were con-
ducted to specifically examine self-reported alcohol use as a substitute
for cannabis by medicinal cannabis users. We hypothesized: (a) asso-
ciations between cannabis and alcohol consumption (number of stan-
dard drinks per day) would be stable over time among both types of
users; (b) recreational cannabis users would be more likely to drink
more on cannabis use days compared to non-cannabis use days,
whereas medicinal users would not; and (c) alcohol consumption on
cannabis use days would be lower for medicinal users who reported
more frequent use of cannabis to substitute for alcohol.

2. Methods
2.1. Sample and procedure

Data were drawn from a larger prospective study (3 semi-annual
waves) examining cannabis use and related problems in 361 veterans
returning from Iraq and Afghanistan from post 9/11,/2001 deployments
(Metrik et al., 2016). Veterans were recruited from a VHA facility in the
Northeast of the US based on use of cannabis at least once in their
lifetime (see Metrik et al., 2016 for details on recruitment procedures).
Veterans were screened for eligibility by telephone and subsequently
invited for a baseline visit, at which point they completed informed
consent and a battery of interview and self-report assessments. Follow-
up visits were conducted in-person at 6-months (N = 312; 86.4%) and
12-months (N = 310, 85.9%) with parallel assessments. All study pro-
cedures were approved by the university and local VHA Institutional
Review Boards. Analyses for the present study were completed on the
subsample of participants who reported co-using both alcohol and
cannabis on at least one day on the Time-Line Follow-Back (see section
2.2.3) across all three time points (n = 115).

2.2. Measures

2.2.1. Demographic information

Demographic and background information, such as sex, race, age,
and marital status was collected at baseline and verified through the
VHA Computerized Patient Record System (CPRS).

2.2.2. Alcohol (AUD) and Cannabis Use Disorder (CUD)

The Structured Clinical Interview for DSM nonpatient edition (SCID-
NP (First et al., 2002)) was used to assess lifetime and current (past
year) DSM-5 AUD and CUD at baseline and 12-months.

2.2.3. Daily cannabis and alcohol use

The Timeline Followback (TLFB) is a psychometrically-sound, ca-
lendar-assisted structured interview, shown to give valid assessment
(including agreement with biological measures) of alcohol, cannabis,
and other substance use (Dennis et al., 2004; Hjorthgj et al., 2012;
Sobell and Sobell, 1992) and high test-retest reliability and stability
over 180 days (Carey, 1997) and up to 1 year (Sobell and Sobell, 1992).
TLFB uses a calendar to cue participants to events (e.g. personal anni-
versaries, holidays, personal calendar events) to enhance accurate re-
call. TLFB assessments covered the 180 days prior to each visit (base-
line, 6-months, and 12-months; 540 consecutive days) and was used to
measure daily cannabis (any use), alcohol (number of standard drinks),
tobacco (any use), and other drug use (any use).
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2.2.4. Type of cannabis user

Participants were classified as a medicinal cannabis user if they
endorsed ever using cannabis for medicinal purposes on the Medical
Marijuana Patient Questionnaire (MMPQ (Cohen et al., 2016) at base-
line or at the 12-month follow-up visit. The item used stated: “How often
have you used marijuana for medicinal purposes?” Participants were
classified as recreational users if they reported never using cannabis for
medicinal purposes at either time point.

2.2.5. Substitution reason

Participants completed the Reasons for Medical Marijuana
Questionnaire (RFUMM (Reinarman et al., 2011) to assess how often
they used medical cannabis for 25 reasons. Medicinal users rated fre-
quency of cannabis use on a likert scale of 1 = “almost never/never” to 5
= “almost always/always” in response to the prompt, “Thinking of all the
times you have used medical marijuana, how often would you say that you
use for each of the following reasons.” The present study focused on the
reason “using cannabis as substitute for alcohol” only. Participants clas-
sified as recreational users did not complete the RFUMM.

2.3. Data analysis

Multilevel modeling (Raudenbush and Bryk, 2002; Snijders and
Bosker, 1999) was used to conduct all analyses as data are nested
within individuals, using the Imer4 package (Bates et al., 2015) within R
(R Core Team, 2013). A series of linear mixed effects models (LMEM)
tested the prediction of number of drinks by cannabis use across all days
and moderation of these effects by subject-level variables (type of user
and substitution reason). Dependent variables in all three models were
daily number of drinks as self-reported on the TLFB. All models in-
cluded fixed effects of percent of cannabis use days (person-level),
calculated from all TLFB days as a percentage of those days in which
any cannabis was used (grand-mean centered in all models). All models
also included fixed effects of any daily cannabis use (binary), time (days
1 through 540), baseline age, any daily cigarette use (binary), any other
daily drug use (binary), day of the week (binary: weekend or weekday),
and random effects for individual. The initial model examining the
longitudinal effect of daily cannabis use on alcohol consumption also
included the interaction of time and daily cannabis use. For the model
examining moderation by type of user (medicinal versus recreational),
time and two- and three-way interactions between time, type of user
(binary, with recreational as the reference), and daily cannabis use
(binary) were included. For the final exploratory analysis examining
moderation by alcohol substitution reason among medicinal users only,
time and two- and three-way interactions between time, substitution
reason (grand-mean centered), and daily cannabis use were included.
Due to the small number of females in the sample (n = 7) and the effect
of sex being non-significant in all models, sex was removed from final
analyses. Initial models also included marital status, race, and ethnicity,
which were also non-significant and removed from final analyses.

3. Results
3.1. Descriptive statistics

For the present study, participants were those who endorsed co-use
of both alcohol and cannabis on at least one day in the full 18-month
TLFB period (comprised of reports at baseline, 6-month, and 1-year
follow-up), resulting in 62,100 daily observations across all three time
points (540 calendar days). Table 1 presents demographics and sub-
stance use descriptive statistics for the full sample (N = 115) and the
subsamples of medicinal (n = 64) and recreational (n = 51) users.
Overall, compared to the medicinal users, recreational users reported
more drinking days and heavy drinking days and were more likely to
meet criteria for past-year AUD at baseline and 1-year follow-up.
However, the only statistically significant group difference in alcohol

Drug and Alcohol Dependence 205 (2019) 107661

use characteristics was in the frequency of drinking days. Conversely,
medicinal users reported significantly more cannabis use days, co-use
days, and were more likely to be diagnosed with current CUD at
baseline and 1-year follow up.

3.2. Longitudinal association between cannabis and alcohol use

The mixed effect multilevel model predicting number of drinks from
any cannabis use, time (days), and the interaction of cannabis use and
time (day) revealed that cannabis use on a given day positively pre-
dicted number of drinks on the same day (OR = 1.45; 95% CI = 1.31,
1.61; p < .001) (see Table 2 for model estimates). In other words, on
days when cannabis was used, individuals also consumed more drinks
relative to days when cannabis was not used, even controlling for
person-level cannabis use (percent cannabis use days), which itself was
negatively associated with number of drinks (OR = .99; 95% CI = .98,
1.00; p = . 01). There was also a significant effect of time and a time by
cannabis use interaction (OR = .9991; 95% CI = .9988, .9994;
p < .001). Specifically, individuals increased their likelihood of
drinking more on a given day over time but were less likely to drink
more drinks on cannabis use days over the 540 calendar days. Overall,
results suggest that with time, individuals reported marginally fewer
drinks on cannabis use days. This small-magnitude effect was observed
while controlling for significant covariates of subject-level cannabis
use, age, day of the week, cigarette use, and other drug use.

3.3. Longitudinal association between cannabis and alcohol use by type of
user

Table 3 shows model estimates for the mixed effect multilevel model
examining type of cannabis user (medicinal v. recreational users).
Findings revealed a significant interaction of cannabis use and type of
user (OR = 4.10; 95% CI = 3.52, 4.78; p < .001), with greater odds of
drinking more on cannabis use days vs. non-use days for recreational
users compared to medicinal users (Fig. 1). The interaction of time by
cannabis use remained significant, as did the interaction of recreational
user and time. The non-significant three-way interaction between time,
cannabis use, and type of user was removed from the final models.
Overall, results suggest that recreational users were more likely to
consume more alcohol on cannabis use days. Of note, the main effect of
time was no longer significant. Cigarette use, other drug use, weekend
days, and age remained positive predictors of number of drinks.

3.4. Longitudinal association between cannabis and alcohol use by alcohol
substitution reason

Next, we examined frequency of self-reported medical cannabis
substitution for alcohol as a moderator of the association between day-
level cannabis use and number of drinks among medicinal users. Results
revealed a significant interaction of any cannabis use and substitution
reason (OR = .79; 95% CI = .73, .86; p < .001) (see Table 4 for model
estimates). This suggests that among medicinal users, those who re-
ported using cannabis to substitute for alcohol more frequently drank
less on cannabis use days (Fig. 2). Finally, there was a small in mag-
nitude three-way interaction between cannabis use, time, and sub-
stitution reason, suggesting medicinal users who reported more fre-
quent use of cannabis as a substitute for alcohol drank less on cannabis
use days over time, compared to those who reported less frequent use
for substitution, who drank more on cannabis use days over time
(OR = 1.0007; 95% CI = 1.0004, 1.001; p < .001).

4. Discussion
This is the first study to examine day-level associations between

daily cannabis use and alcohol consumption among medicinal and re-
creational cannabis users. We examined: (a) whether daily cannabis use
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Table 1
Demographic and substance use characteristics by type of cannabis user.
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Full Sample

Medicinal Users

Recreational Users Group Comparison

(n =115) (n = 64) (n = 51)
Demographics
Age (M, SD) 31.34 (8.30) 31.69 (8.42) 30.90 (8.20) F(1,113) = .35, p =.62
Employment (% full or part time) 71 64 80 %°(, 115) = 2.94,p = .09
Sex (% Male) 93 92 94 x*(1, 115) = .001, p = 1.0
Race (% Caucasian) 77 81 71 x3(1, 115) = 1.67, p = .20

Substance Use Characteristics M (SD)
% cannabis use days

% Drinking days

% Heavy drinking days

37.58 (38.70)
27.97 (27.62)
15.26 (22.46)

56.92 (37.00)
23.23 (25.78)
13.32 (20.50)

13.32 (24.69)
33.93 (28.93)
17.70 (24.69)

F(1,113) = 52.25,p < .001
F(1,113) = 4.39,p =.04
F(1,113) = 1.08, p =.30

No. of drinks per drinking day 5.73 (4.02) 5.83 (4.37) 5.65 (3.68) F(1,94) = .01, p =.92

% Co-use day 8.23 (17.23) 12.17 (21.73) 3.29 (6.05) F(1,113) = 8.01, p =.01

% Cigarette use days® 60.96 (34.61) 63.85 (31.95) 55.31 (39.43) F(1,66) = .93,p =.34

% Other drug use days 3.25 (10.60) 2.39 (8.79) 4.33 (12.52) F(1,113) = .95, p =.33
Diagnostic Characteristics (%)

Current AUD (Baseline) 45 39 53 F(1,113) = 2.21,p =.14
Current CUD (Baseline) 35 44 24 F(1,113) = 5.26, p =.02
Current AUD (1-Year) 46 42 51 F(1,113) = .88,p =.35
Current CUD (1-Year) 38 53 20 F(1,113) = 15.03,p < .001

Note. Data calculated from TLFB; ? Calculated for subsamples of tobacco smokers (full sample: n = 68; medicinal users: n = 45; recreational users: n = 23); 19

observations removed due to missingness.

Table 2
Mixed Effects model of association between cannabis and time on alcohol use.
Estimate SE p-value Lower CI OR Upper CI
Intercept -.82 .73 - - - -
Any cannabis 0.37 0.05 <.001 1.31 1.45 1.61
use?
Time?® 0.001 8.51E-05 <.001 1.0004 1.0005 1.0007
% cannabis use —-0.012 0.01 .01 .98 .99 1.00
days
Any cig® 0.23 0.04 <.001 1.16 1.25 1.36
Any other drug®  1.31 0.07 <.001 3.22 3.72 4.30
Day (ref: 0.98 0.02 <.001 2.66 2.56 2.77
weekday) #
Baseline age 0.06 0.02 .006 1.02 1.06 1.11
Any cannabis —0.001 0.0001 <.001 .9988 .9991 .9994

use? x time?

Note. Coefficients are unstandardized. * Denotes time-varying.

Table 3
Mixed Effects model of association between cannabis and time on alcohol use:
moderation by type of cannabis user.

Estimate SE p-value Lower CI OR Upper CI
Intercept -0.77 0.80 - - - -
Any cannabis use® -0.13 0.06 0.04 0.78 0.88 0.99
Recreational -0.21 0.43 0.63 0.35 0.81 1.87
Time® 0.0002 0.0001 0.11 0.99 1.00 1.00
% cannabis use —0.01 0.01 .07 0.98 0.99 1.00
days
Any cig® 0.22 0.04 < .001 1.15 1.25 1.35
Any other drug?® 1.28 0.07 < .001 3.12 3.60 4.15
Weekend? 0.97 0.02 < .001 253 263 274
Baseline age 0.06 0.02 < .01 1.02 1.01 1.11
Any cannabis use® x  1.41 0.08 < .001 3.52 4.10 4.78
recreational
Any cannabis use” x —0.001  0.0002 < .001 0.99 0.99 0.99
time®
Recreational x 0.001 0.0002 < .001 1.0002 1.001 1.001

time®

Note. Coefficients are unstandardized. * Denotes time-varying.

predicted increased daily alcohol consumption across 18 months; (b)
whether recreational cannabis users would drink more on cannabis use
days compared to medicinal users; and (c) the role of cannabis as a self-
reported substitution for alcohol among medicinal users. Results

indicated that cannabis use was associated with higher levels of alcohol
consumption at the daily level, and that this effect was consistent over
time. There was also a significant moderation by type of user, in that
recreational users drank more on cannabis use days compared to
medicinal users. Follow-up analyses showed that among these medic-
inal users, those who reported more frequent use of cannabis to sub-
stitute alcohol were more likely to drink less on cannabis use days.
Our findings are consistent with other studies suggesting com-
plementary use of alcohol and cannabis among recreational users
(Gunn et al., 2018; Metrik et al., 2018b; Subbaraman, 2016). Further,
significant negative effect of time and cannabis use on alcohol con-
sumption was detected in our initial model, and in our second which
considers type of user. However, in both models, these effects are of
small magnitude, suggesting that the positive association between al-
cohol and cannabis use is relatively stable, but may reduce, over time.
Although this is inconsistent with a recent study of college students in
their first two years of school, which found a strong positive association
between time and cannabis use on daily number of drinks (Gunn et al.,
2018), this discrepancy may be a function of the unique samples.
Compared to the present study sample of veterans, of which 45% and
35% had an AUD and CUD respectively at baseline, college students in
their first two years of school in Gunn et al. (2018) were following a
population-based trend of increased alcohol consumption during this
developmental period (Stone et al., 2012; White et al., 2006). Our re-
sults supporting complementary use are also consistent with pro-
spective studies that suggest cannabis use during treatment for alcohol
use may result in poorer alcohol-related treatment outcomes
(Aharonovich et al., 2005; Mojarrad et al., 2014; Subbaraman et al.,
2018, 2017). Taken together, although results were of relatively modest
effect sizes, this daily-level study suggests that cannabis use consistently
complements alcohol consumption over time among recreational users.
Further, our finding that type of user moderated the effect of can-
nabis use on alcohol consumption helps to elucidate conflicting evi-
dence in the field as to whether cannabis acts as a substitute or a
complement to alcohol consumption (O’Hara et al., 2016; Subbaraman,
2014, 2016; Williams et al., 2004). Results suggest that cannabis is
more likely to act as a substitute among medicinal users, but not re-
creational users. These results are consistent with other survey studies
suggesting that medicinal users report using cannabis as a substitute for
alcohol (Reiman, 2007, 2009). Overall, it may be that those who use
cannabis for medicinal reasons may be less likely to experience the
additional risks associated with co-use, compared to recreational users.
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Fig. 1. Interaction of cannabis use by type of user on alcohol use.

Consistent with other studies (Lin et al., 2016; Loflin et al., 2017b;
Subbaraman and Kerr, 2018), our sample of medicinal users were less
likely to have an AUD and drank on fewer days compared to recrea-
tional users. However, our sample was also more likely to have a CUD
and reported more frequent cannabis use days and co-use days across
the assessment period. Therefore, although medicinal users may be less
likely to experience clinically significant symptoms related to alcohol
use, they were more likely to meet criteria for a CUD. However, this
finding should be tempered by an important consideration in the lit-
erature regarding whether assessment methods for DSM-5 CUD symp-
toms translate for medicinal users. For instance, Loflin et al. (2017a,b)
suggest that symptoms that assess frequency and density (average
number of uses per day) of cannabis use may not be as indicative of
problems in medicinal users compared to recreational users. Our pre-
liminary follow-up analyses examining the role substitution among
medicinal users confirmed that those who reported using cannabis to
substitute for alcohol’s effects more frequently were less likely to drink
more on cannabis use days, compared to medicinal users who reported
less frequent substitution.

The present study has important implications for treatment and
prevention. First, our results are consistent with several other recent

studies of treatment samples suggesting that recreational use of can-
nabis is associated with increased alcohol consumption and should be
avoided for those in treatment for AUD or alcohol related problems.
These findings suggest caution should be taken in the wake of changes
in recreational cannabis policy, as increased cannabis use could lead to
increased problematic drinking among recreational users (Wen et al.,
2015). In addition, there is a clear documented negative impact of
cannabis use on AUD recovery for individuals with AUD in alcohol
treatment (Subbaraman et al., 2018, 2017). Medicinal cannabis users in
our sample consumed alcohol less frequently than recreational cannabis
users, which could be interpreted as an additional indication that
medicinal cannabis may serve as a replacement for alcohol use. How-
ever, these data were drawn from an observational longitudinal study
not limited to an alcohol treatment-seeking sample and should not be
applied to those in treatment for alcohol misuse. Furthermore, veterans
in this sample endorsed a number of conditions for medical cannabis
use including anxiety, stress, PTSD, pain, depression, and insomnia
(Metrik et al., 2018a). Therefore, besides using cannabis as a substitute
for alcohol, there may be important additional moderators among
reasons for medical cannabis use that could clarify the cannabis-alcohol
co-use association.

Table 4
Mixed Effects model of association between cannabis and time on alcohol use: moderation by alcohol substitution reason among medicinal users.
Estimate SE p-value Lower CI OR Upper CI

Intercept —-1.22 0.83 - - - -
Any cannabis use® -0.21 0.07 <.01 0.71 0.81 0.93
Substitution reason 0.21 0.12 0.10 0.97 1.23 1.56
Time® 0.0002 0.0001 0.26 1.00 1.0001 1.0004
% cannabis use days 0.0004 0.005 0.94 0.99 1.0004 1.01
Any cig® 0.57 0.05 <.001 1.59 1.76 1.95
Any other drug?® 2.09 0.16 <.001 5.94 8.10 11.06
Weekend? 0.59 0.029 <.001 1.70 1.80 1.91
Baseline age 0.06 0.02 0.03 1.01 1.06 111
Any cannabis use” x substitution reason -0.23 0.04 <.001 0.73 0.79 0.86
Any cannabis use® x time® 0.0004 0.0002 0.04 1.00002 1.0004 1.001
Substitution reason x time® —0.0003 0.0001 <.01 0.9995 0.9997 0.9999
Any cannabis use® x substitution reason x time® 0.001 0.0001 <.001 1.0004 1.0007 1.001

Note. This analysis was conducted in the subsample of medicinal users only (n = 64; 34,560 observations); Coefficients are unstandardized. * Denotes time-varying.
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Fig. 2. Interaction of substitution reason and cannabis use among medicinal users on alcohol use.

4.1. Limitations

This study should be understood in the context of several limita-
tions. First, although the TLFB has established reliability and validity, it
does require retrospective recounting of substance use. As with all self-
report measures, this may be subject to recall biases. Although prior
research suggests that this potential bias may be more pronounced in
day-level analyses covering periods longer than 60 days (Hoeppner
et al,, 2010) and that the TLFB may underestimate frequency and
quantity of alcohol use (Searles et al., 2002), there is also evidence to
suggest that the TLFB is not subject to reduced reliability with increased
time intervals (Carey, 1997; Searles et al., 2002). In other words, re-
ports are shown to be consistent with increased intervals from 30 or 60
days to 366 days (Searles et al., 2002) or from 30 to 180 days (Carey,
1997). Second, we were also unable to establish temporal ordering of
cannabis and alcohol use at the daily level. More detailed event-level
ecological momentary assessment data would more directly address the
question of whether or not cannabis use directly impacts alcohol con-
sumption. Third, we relied on self-report data to determine user status
(medicinal versus recreational). There is significant variability in the
reported diagnoses for using cannabis, and often veterans reported
more than one condition for using cannabis medicinally (Metrik et al.,
2018a). It is also likely that some individuals use cannabis for both
medicinal and recreational reasons. More nuanced measurement at the
event-level regarding whether cannabis is being used recreationally or
medicinally, and if medicinally, what condition it is used for (e.g., pain,
anxiety) would provide important context for understanding the func-
tion of medicinal versus recreational cannabis use and its association
with alcohol consumption. Ecological momentary assessment studies
could examine these more nuanced associations in the moment to re-
duce recall bias and to more precisely examine related complex ques-
tions regarding the relative impact of medicinal versus recreational use
on alcohol consumption. Fourth, we were unable to examine the effect
of different cannabis products on these associations. For instance, there
is evidence that cannabis products with higher concentrations of can-
nabidiol (CBD), a non-psychoactive cannabinoid, compared to products
higher in A9-tetrahydrocannabinol (THC), may have unique medicinal
and therapeutic benefits without the abuse potential (Freeman et al.,
2019; Spindle et al., 2019) and CBD may even have promise as a

candidate AUD pharmacotherapy (Turna et al., 2019). Therefore,
medicinal users may be more likely to use cannabis products with CBD,
which may pose a reduced risk of alcohol misuse. Fifth, we were unable
to examine the order of onset for those with CUD and AUD during the
assessment period. As our previous work shows, AUD and CUD status
does has an impact on daily co-use behaviors (Metrik et al., 2018b),
therefore future research should examine how onset of these diagnoses
would further explicate the nature of the association between daily
cannabis and alcohol use for medicinal and recreational users. Sixth, we
were also unable to assess substitution reasons among recreational
users given this measure was specific to medicinal users. Future re-
search should examine whether using cannabis for substitution reasons
is also associated with reduced alcohol consumption among recrea-
tional cannabis users. Finally, confidence in the accuracy of the current
pattern of findings, particularly the observed interactions, will be
strengthened by replication in larger and more representative popula-
tions (e.g. samples with a larger proportion of females with sufficiently
powered sample sizes).

5. Conclusions

This is the first prospective study to examine the association be-
tween cannabis and alcohol consumption at the daily level and the first
study to examine whether these daily use patterns differ as a function of
medicinal versus recreational users. Results provide additional clar-
ification to conflicting literature on whether cannabis and alcohol are
substitutes or complements and suggest that medicinal cannabis users
are more likely to substitute cannabis for alcohol, whereas recreational
users are more likely to complement the two. Future studies should
examine temporal ordering and event-level associations between can-
nabis and alcohol consumption and whether these effects are moder-
ated by the conditions for which individuals use cannabis.
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