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Abstract

Introduction: The co-use of cannabis and alcohol among tobacco-using youth is common. Alcohol
co-use is associated with worse tobacco cessation outcomes, but results are mixed regarding the
impact of cannabis on tobacco outcomes and if co-use leads to increased use of non-treated sub-
stances. This secondary analysis from a youth smoking cessation trial aimed to (1) evaluate the
impact of cannabis or alcohol co-use on smoking cessation, (2) examine changes in co-use during
the trial, and (3) explore secondary effects of varenicline on co-use.

Methods: The parent study was a 12-week, randomized clinical trial of varenicline for smoking
cessation among youth (ages 14-21, N = 157; M,,, =19, 40% female; 76% White). Daily cigar-
ette, cannabis, and alcohol use data were collected via daily diaries during treatment and Timeline
Follow-back for 14 weeks post-treatment.

Results: Baseline cannabis co-users (68%) had double the odds of continued cigarette smoking
throughout the trial compared with noncannabis users, which was pronounced in males and fre-
quent cannabis users. Continued smoking during treatment was associated with higher prob-
ability of concurrent cannabis use. Baseline alcohol co-users (80%) did not have worse smoking
outcomes compared with nonalcohol users, but continued smoking was associated with higher
probability of concurrent drinking. Varenicline did not affect co-use.

Conclusions: Inconsistent with prior literature, results showed that alcohol co-users did not differ
in smoking cessation, whereas cannabis co-users had poorer cessation outcomes. Youth tobacco
treatment would benefit from added focus on substance co-use, particularly cannabis, but may
need to be tailored appropriately to promote cessation.

Implications: Among youth cigarette smokers enrolled in a pharmacotherapy evaluation clinical
trial, alcohol and/or cannabis co-use was prevalent. The co-use of cannabis affected smoking ces-
sation outcomes, but more so for males and frequent cannabis users, whereas alcohol co-use did
not affect smoking cessation. Reductions in smoking were accompanied by concurrent reductions
in alcohol or cannabis use. Substance co-use does not appear to affect all youth smokers in the
same manner and treatment strategies may need to be tailored appropriately for those with lower
odds of smoking cessation.

© The Author(s) 2019. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com.
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Introduction

Nearly 90% of all cigarette smokers initiate tobacco use in adoles-
cence.! Among adolescents in the United States (ages 12-17), esti-
mates of past 30-day cigarette smoking are 4.6%,> whereas rates
among emerging adults (ages 18-25) are estimated at 22.3%.° The
majority of adolescent and emerging adult smokers have an interest
in quitting, but cessation attempts rarely result in sustained abstin-
ence, even when evidence-based tobacco treatment is used.** As
with adult smokers,” one barrier to long-term abstinence among
youth may be the role of co-occurring substance use.

Cannabis and/or alcohol use is prevalent among adolescents and
emerging adults. Recent estimates of past month cannabis and al-
cohol use in the United States among 12-17 year olds were 6.5%
and 9.9%, respectively, and among 18-25 year olds were 22.1%
and 56.3%, respectively.® Cannabis and/or alcohol use are particu-
larly prevalent and problematic among youth smokers. Adolescents
who use tobacco are more likely to use cannabis and alcohol on a
daily basis compared with nonsmoking adolescents,® and are at in-
creased risk of developing cannabis and alcohol problems in young
adulthood.” The co-use of tobacco, cannabis, and alcohol prior to
the age of 16, compared with use of a single substance, is predictive
of problematic substance use outcomes in young adulthood (e.g.,
nonmedical prescription drug use, transition to illicit drug use and
dependence).!® Although the co-use of these substances in adoles-
cence is problematic in the long-term, there are also immediate
treatment-related concerns associated with co-use and a potentially
detrimental impact on cessation.

The co-use of cannabis and tobacco occurs frequently among
youth,''"13 with initial use of a single substance (cannabis or to-
bacco) predicting subsequent use of the other.!*!S Results from
cross-sectional studies or secondary analyses evaluating the impact
of cannabis co-use on tobacco outcomes have been mixed. Some
studies have found that cannabis co-use is associated with worse to-
bacco cessation outcomes compared with tobacco-only users.!*16:17
Consistent with those findings, a recent secondary analysis from a
tobacco cessation study with emerging adults found that cannabis
co-use was associated with a decreased likelihood of tobacco reduc-
tion or cessation, though co-use was not associated with motivation
to quit tobacco or quit attempts.'® Other studies have shown no ad-
verse impact of cannabis use on tobacco outcomes.'2! Additionally,
tobacco treatment may be associated with continued or even in-
creased use of cannabis among co-users, and prospective data to ad-
dress this are lacking.

Similar to cannabis, alcohol co-use is common among smokers,
and may be particularly deleterious for youth. Approximately three
quarters of youth smokers report hazardous drinking in the past
year, compared with less than half of nonsmokers.?>?3 Evidence in-
dicates that early tobacco initiation is related to subsequent alcohol
use,”* including excessive alcohol consumption and more severe al-
cohol use disorder symptoms.?> Smoking cessation outcomes tend
to be poorer for both adolescent?*2® and adult alcohol co-users.'*
Although alcohol use is often associated with increased cigarette
craving and vice versa,’®’' a recent review of human laboratory
studies concluded nicotine deprivation results in mixed findings with
respect to increased alcohol self-administration.’!

Although the relationship between alcohol co-use and worse
smoking cessation outcomes is supported in the literature, results are
mixed regarding the impact of cannabis co-use on smoking cessation
outcomes. Furthermore, continued or increased use of a nontreated
substance is an important, yet understudied issue among co-users,

and daily alcohol and cannabis use is typically not collected within
smoking cessation studies. Within the context of an adolescent and
emerging adult smoking cessation pharmacotherapy clinical trial,*
we conducted a secondary analysis of the impact of cannabis and/
or alcohol co-use on smoking cessation outcomes. Primarily, the
aims of this secondary analysis were to (1) evaluate the impact of
any cannabis or alcohol co-use/severity of co-use at baseline on
smoking cessation outcomes during treatment and at follow-up
and (2) examine changes in cannabis and/or alcohol use during the
trial and at follow-up. Secondarily, since the parent study evaluated
varenicline (Chantix) for smoking cessation, and there is some evi-
dence that varenicline may have efficacy in the treatment of alcohol
use disorder,* and potentially for cannabis use disorder,** the third
aim of this study was to assess the effects of varenicline on alcohol
and cannabis co-use during the trial.

Methods

Participants and Procedures

Youth smokers (N = 157) were recruited from the community in
Charleston, SC from September 2012 through November 2017. To
meet inclusion criteria, participants had to be between the ages of
14 and 21, were required to smoke daily or near-daily (25 out of the
past 30 days) for >6 months, report a desire to quit, and have at least
one past failed quit attempt. Female participants agreed to use birth
control methods throughout the study. Exclusion criteria included
lifetime history of any mood or psychotic disorder based on criteria
from the Diagnostic and Statistical Manual-IV;* lifetime history of
suicidality or homicidality; significant hostility/aggression per med-
ical clinician judgment; current substance dependence (other than
nicotine); unstable medical disorder; pregnant/breastfeeding; cur-
rent use of medications with smoking cessation efficacy; or known
hypersensitivity to varenicline. Written and informed consent/assent
was obtained prior to study participation. For participants under
the age of 18, parent(s) or guardian(s) participated in informed con-
sent and initial assessment. All study procedures were approved by
the university’s Institutional Review Board. This trial was registered
with clinicaltrials.gov (NCT01509547). Primary outcomes from
the parent study have been described elsewhere.’? Briefly, the parent
study found that rates of abstinence from smoking at the 12-week
end of treatment (EOT) visit did not differ between varenicline or
placebo groups, though participants randomized to the varenicline
group achieved smoking abstinence earlier in the trial and exhibited
higher overall rates of abstinence throughout the trial. Varenicline
was well-tolerated among the study cohort.

Eligible participants were randomized to receive a 12-week course
of varenicline or matched placebo (1.0 mg twice per day), which in-
cluded 1 week of dose titration. Randomization was stratified by age
(14-17 years old versus 18-21 years old) and baseline smoking level
(<12 versus 12 or more cigarettes per day). All participants received
brief cessation counseling during weekly visits. Participants returned
for weekly study visits (3 day visit window) for 12 weeks and then
returned for three post-treatment follow-up (F/U) visits at weeks 13,
16, and 26.

Measures

Screening Assessments

Assessments were conducted to collect demographics, psychiatric
and medical histories, and substance use history.
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Cigarette and Substance Use Measures
Calendar-based Timeline Follow-Back (TLFB)** was used to cap-
ture self-reported substance use in the 30 days preceding screening,
and at all post-treatment follow-ups for: (1) number of cigarettes
per day (CPD), (2) other tobacco use, (3) cannabis use (yes/no),
and (4) standard alcoholic drinks consumed [per National Institute
on Alcohol Abuse and Alcoholism (NIAAA) guidelines]. The use
of electronic cigarettes was discouraged throughout the study and
was not systematically collected. Daily cannabis use estimates were
not standardized in their collection (e.g., no gram estimation), and
amount of cannabis used per day was not considered in analyses.
During the 12-week treatment phase, participants recorded their
substance use via paper daily diaries. If daily diaries were incom-
plete or were not returned at the weekly study visit, research staff
collected substance use data for the previous week (or since the last
study visit) using retrospective TLFB. These methods yielded con-
tinuous, daily self-reports of smoking, and substance use throughout
the treatment period and follow-up.

The modified Fagerstrom Tolerance Questionnaire (mFTQ)% is
a 7-item measure, validated in adolescents, to assess nicotine de-
pendence. Scores range from 0 to 9, with higher scores reflecting
greater nicotine dependence. The 5-item Penn Alcohol Craving Scale
(PACS)*® was administered at each study visit (scores range from 0
to 30) for all participants, regardless of their endorsement of alcohol
use during screening. The PACS was added to the assessment battery
after we became aware of preliminary findings in the literature re-
garding varenicline’s effects on alcohol use.’” The PACS was added
after study enrollment had commenced and was only administered
to 155 study participants.

Biological Measures

Biological confirmation of smoking was assessed using: (1)
breath carbon monoxide (CO) at all visits (<8 parts per million
were considered abstinent), and (2) urinary cotinine collected at
screening, week 12, and week 26 (<50 ng/mL considered abstinent).
Biochemical verification of abstinence was not used in this analysis
since: (1) breath CO is elevated by combustible cannabis use,*’ (2)
the use of blunts (loose leaf cannabis rolled in a cigar wrapper) was
prevalent among cannabis users, which may have elevated their
urinary cotinine, and (3) self-reported tobacco use among adoles-
cents has been shown to correlate with biological verification.*!
Taken together, self-reported tobacco use served as our outcome
measure here.

An instant-read, 6-panel urine drug screen (UDS) was adminis-
tered at screening, randomization, weeks 4, 8, 12, and 26. Cannabis
tests measured the presence of A’-tetrahydrocannabinol (THC) me-
tabolites in the urine sample (>50 ng/mL considered positive). No
biochemical verification of alcohol use was conducted in this study.

Statistical Analyses

Cannabis co-users were defined as any participant with a positive urine
cannabinoid UDS at screening or any self-reported cannabis use in the
30 days preceding screening. Alcohol co-users were defined as partici-
pants who self-reported consuming at least one standard drink in the
past 30 days before screening. Standard descriptive statistics were used
to summarize baseline demographics, tobacco, cannabis, and alcohol
use characteristics for all participants (N = 157), as well as cannabis
co-users (1 = 107) and alcohol co-users (1 = 125). Co-use groups were
not mutually exclusive (Table 1; Supplementary Figure 1), and many
participants used both cannabis and alcohol (7 = 91; 58%).

Beyond simple assessment of any alcohol use in the past 30 days,
we also assessed: (1) binge drinking, defined as four or more drinks
per day for females and five or more drinks per day for males (based
on NIAAA definitions),* and (2) heavy drinking, based on defin-
itions from the National Survey on Drug Use and Health as being
five or more binge drinking days in the past 30.%

The analyses conducted in this report were secondary and not
powered based on the outcomes presented. The primary hypothesis
was that baseline co-use of cannabis or alcohol would adversely
affect weekly point prevalence abstinence (PPA) from cigarette
smoking during treatment; specifically that co-users would have
decreased probability of weekly abstinence from smoking. PPA
at each study visit during treatment (weeks 1-12) was defined as
no self-reported smoking since the last visit, whereas PPA at the
follow-up visits (weeks 18 and 26) was defined as no self-reported
smoking in the last 7 days. An intent-to-treat approach that included
all randomized participants was used in the modeling process and
all missing cigarette data were considered not abstinent. A logistic
regression model with a sandwich variance estimate** was used to
assess the primary end-of-treatment efficacy outcome (week 12).
Additionally, repeated measures logistic regression models were con-
structed to assess abstinence at weekly treatment visits (weeks 1-12)
and at post-treatment follow-up visits (weeks 18 and 26), using the
methods of generalized estimating equations.® Risk ratios (RR) and
asymptotic 95% confidence intervals (CI) were computed for all
efficacy estimates. Models were adjusted for treatment assignment
(varenicline or placebo), baseline CPD, gender, and study visit (when
appropriate). All models simultaneously tested the effect of baseline
cannabis co-use status (yes/no) and alcohol co-use status (yes/no)
on smoking cessation outcomes. Additional models tested the inter-
action of cannabis and alcohol co-use with treatment efficacy, as well
as the modifying effect of gender on tobacco outcomes.

Next, severity of cannabis or alcohol use was investigated to de-
termine if dose-dependent relationships between co-use frequency
at baseline and smoking abstinence were present. The relationship
between self-reported smoking abstinence and baseline cannabis
or alcohol use severity as continuous variables (days of use) was
analyzed in the primary models as predictors in place of the binary
co-use variables. When evidence of a significant dose-dependent
relationship was found, severity categories were created based on
cannabinoid-positive tests and self-reported cannabis use to eluci-
date changes in the probability of smoking abstinence with vari-
ations in co-use severity. Severity categorizations were based on the
clinical judgment of the investigative team.

Finally, changes in cannabis or alcohol co-use during treat-
ment were examined, specifically assessing any secondary effects of
varenicline on co-use. Cannabis use data were reported as any use
since the last study visit (yes/no) and number of days used. Daily
alcohol consumption throughout the trial was collected as standard
alcoholic drinks consumed per day. For alcohol co-use analyses, self-
reported standard drinks were used to calculate any drinking since
the last visit (yes/no), number of drinking days, standard drinks per
drinking day, and binge drinking days (defined as 4 or more drinks
per day for females and 5 or more drinks per day for males). Finally,
alcohol craving was measured via the PACS, which was administered
weekly.

Between-visit smoking abstinence (yes/no) and self-reported
CPD were independently tested for associations with co-occurring
cannabis and alcohol use with generalized linear mixed effects
models (GLMM) using methods of maximum likelihood (Poisson
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Table 1. Demographics and Clinical Characteristics for the Overall Sample (

Co-Users at Screening (Not Mutually Exclusive Groups)

N = 157) and Separated by Cannabis Co-Users and Alcohol

Demographics and Clinical Characteristics at Screening

Entire Cohort N=157

Cannabis Users n=107

Alcohol Users n=125

Age
Male %(n)
Race %(n)
White
African American
Other / More than 1 Race
Tobacco Use Characteristics
Cigarettes per Day (past 30 days)
Breath CO (ppm)
Urinary Cotinine (ng/mL)
Days Smoking (past 30 days)
mFTQ Total Score
Age at First Smoking
Age at Regular Smoking
Past Quit Attempts
Cannabis/Alcohol Use Characteristics
Positive UDS for THC % (n)
Any Self-Reported Cannabis Use (past 30 days) % (n)
Days of Cannabis Use (past 30 days; 7 = 107)
Any Self-Reported Drinking (past 30 days) % (#)
Drinking Days (past 30 days)
Self-Reported Standard Drinks (past 30 days)
Drinks per Drinking Day* (past 30 days)
Heavy Drinker (5+ binge episodes in the past 30 days) % (1)
PACS Total Score (1 = 155)

19.1 (1.5) 19.0 (1.5) 19.2 (1.4)
59.9 (94) 64.5 (69) 57.6 (72)
76.4 (120) 74.8 (80) 80.0 (100
14.0 (22) 16.8 (18) 11.2 (14)
9.6 (15) 8.4 (9) 8.8 (11)
11.5 (6.8) 11.9 (7.2) 11.5 (6.9)
15.2 (10.4) 16.0 (11.2) 15.5 (10.6)
1011 (652) 1040 (622) 993 (645
29.2(2.7) 29.1(2.8) 29.3 (2.5)
4.3(1.7) 4.4(1.8) 4.3(1.7)
14.7 (2.4) 14.7 (2.7) 15.0 (2.3)
16.3 (1.9) 16.3 (2.1) 16.5 (1.7)
2.5(2.3) 2.2 (1.5) 2.5 (2.4)
58.6(92) 86.0 (92) 62.4 (78)
662UOM 97.2 (104) 734(U
3(10.1) 11.0 (10.6) 9(10.2)
79 6(125) 85.1 (91) 100 0(125)
9 (5. 5.8(5.8) 2(5.
317(422) 38.9 (47.1) 398(437)
2 (4.3) 6.5(3.9) 2 (4.3)
242(3 ) 29.9 (32) 304(3)
5 (4.9) 6.2(5.2) 3(4.9)

It should be noted that co-users of both alcohol and cannabis made up 58% of the study cohort and are represented here in both cannabis and alcohol groups.
CO = Carbon monoxide; mFTQ = Modified Fagerstrom Tolerance Questionnaire; ppm = parts per million; UDS = Urine drug screen; THC = A’-tetrahydrocanna-

binol; PACS = Penn Alcohol Craving Scale.
*Reported only for participants who self-report any drinking (7 = 125).

distribution). Adjusted models controlled for randomized treatment
assignment, study visit, age, gender, concurrent cigarette smoking
status (yes/no, CPD), and baseline cannabis/alcohol use severity.
All statistical analyses were conducted using SAS version 9.4 (SAS
Institute Inc. Cary, NC).

Results

Demographics and Clinical Characteristics

The randomized study sample had a mean age of 19.1 years
(SD = 1.5), was predominantly male (60%), White (76%), and
reported smoking 11.5 (SD = 6.8) cigarettes per day at screening
(Table 1). The majority of the sample (7 = 107; 68%) either self-
reported cannabis use in the past 30 days (7 = 104) or submitted
a cannabinoid-positive UDS (7 = 92) at screening. Most partici-
pants (7 = 125; 80%) reported drinking alcohol in the past 30 days.
Cannabis and alcohol co-users were compared with the overall co-
hort (Table 1). Co-use groups in Table 1 are not mutually exclusive
and co-users of both alcohol and cannabis are represented in both
groups. A majority of the study cohort (58 %) reported co-use of both
cannabis and alcohol (Supplementary Figure 1). Cannabis co-users
were similar in age, gender, and racial distribution to the entire co-
hort and reported using cannabis an average of 10.7 (SD = 10.6)
days in the past 30. Alcohol co-users reported an average of 6.2
(SD = 4.3) drinks per drinking day and 6.2 drinking days (SD = 5.3)
at baseline, and were similar to nonalcohol using participants with
respect to demographic and smoking characteristics at baseline.

Cannabis and alcohol co-users as exclusive categories are shown in
Supplementary Figure 1.

Study Retention

Among randomized participants, 57% completed the week 12 EOT
study visit (90/157) and 53% completed the week 26 F/U study visit
(83/157). The majority of participants (93%) completed at least one
study visit following randomization. Rates of study retention at EOT
and F/U visits were similar among cannabis co-users (EOT = 57%,
61/107; F/U = 55%, 59/107) and alcohol co-users (55%, 69/125;
F/U = 51%, 64/125) compared with the entire study cohort.

Cannabis or Alcohol Co-Use and Smoking Cessation

The percentage of weekly self-reported PPA from smoking is
shown in Figure 1A. Compared with cannabis co-using partici-
pants, noncannabis using participants had double the probability
of any smoking abstinence (PPA) during treatment (RR 2.0 95%;
CI, 1.1-3.6; p = .021). At the week 12 EOT visit, the difference
between cannabis co-users and nonusers was still present (26.0%
versus 12.2%; RR = 2.2 [1.1-4.5]; p = .025). Differences at the
week 18 follow-up persisted (26.0% versus 13.1%; RR = 2.1
[1.1-3.9]; p = .021) but not at the week 26 follow-up (16.0%
versus 13.1%; RR = 1.3 [0.6-2.7]; p = .49). However, partici-
pant gender modified the relationship between cannabis use
status and smoking abstinence during treatment (cannabis use
x gender, p = .022): cannabis co-use adversely affected smoking
cessation among male participants during the study (Figure 1B;
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Figure 1. Between-visit point prevalence abstinence (PPA) during treatment and 7-day PPA at post-treatment follow-up visits for the intent to treat sample by
cannabis co-use status (A) and by (B) male participants and (C) female participants. (A) All participants; Cannabis co-users (n = 107) compared with noncannabis
co-users (n=50). (B) Male Participants; cannabis co-users (n=69) vs. noncannabis users (n = 25). (C) Female Participants; cannabis users (n = 38) vs. noncannabis

users (n = 25).

RR = 3.6 [1.9-6.6]; p < .001), but did not similarly affect female
participants (Figure 1C; RR = 0.9 [0.4-2.1]; p = .77). At follow-up
visits, gender did not modify the relationship between cannabis use
status and smoking abstinence (p = .61). Baseline cannabis use status
did not modify treatment efficacy of varenicline on weekly smoking
abstinence during study treatment (p = .32) or at follow-up (p =.72).

A greater number of cannabis use days in the 30 days prior to
screening was significantly associated with decreased probability
of smoking abstinence during the study (for a 10 day increase in
cannabis use days; RR = 0.7 [0.4-1.0]; p = .04). Given this signifi-
cant relationship and the preponderance of zero cannabis use days
(among noncannabis co-users), participants were further categorized
into three cannabis use severity groups: (1) >50% days of use at
baseline and positive urine cannabinoid test = frequent users, 72 = 34;

(2) positive urine cannabinoid test and <50% days of use at base-
line = intermittent users, 7 = 73; and (3) negative urine cannabinoid
test and no self-reported use = nonusers, 7 = 50. Frequent cannabis
users had significantly lower rates of weekly PPA from smoking when
compared with nonusers (Figure 2; RR = 3.5 [1.6-8.0]; p = .003)
but not when compared with intermittent users (RR = 2.1 [0.9-4.8];
p = .075). Intermittent cannabis users were numerically similar, but
not statistically less likely to achieve abstinence when compared with
cannabis nonusers (RR = 1.7 [0.9-3.1]; p = .11).

The percentage of weekly self-reported smoking PPA among al-
cohol co-users and nonusers is shown in Supplementary Figure 2.
Baseline alcohol co-use was not significantly associated with abstin-
ence from smoking during treatment (RR = 0.6 [0.3-1.3]; p = .21).
No effects of alcohol co-use were found at the week 18 follow-up
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Figure 2. Between-visit point prevalence abstinence during treatment and 7-day point prevalence abstinence at post-treatment follow-up visits for the intent
to treat sample of cannabis users by baseline cannabis use frequency. Noncannabis users (n = 50), infrequent cannabis users (n = 73), and frequent cannabis

users (n=34).

visit (RR = 1.0 [0.5-2.0]; p = .96) or at the week 26 follow-up visit
(RR = 1.0 [0.5-2.4]; p = .93). Participant gender did not modify
the effect of alcohol co-use on smoking abstinence during treatment
(Alcohol co-use x gender, p = .56). Baseline drinking days (x?, = 0.5,
p = .47), standard drinks per drinking day (x? = 2.1, p = .15), binge
drinking days (y* = 1.8, p = .18), and being a heavy drinker at base-
line (y%, = 1.9, p = .17) were not significantly associated with changes
in the probability of abstinence from smoking during the study.
Similar to cannabis outcomes above, alcohol co-use did not modify
the efficacy of varenicline on abstinence during treatment (p = .34).

Additionally, the interaction between cannabis and alcohol
co-use was added to the model to assess the relationship of cannabis
and alcohol co-use on abstinence from smoking. When included
in the model, the interaction between co-use variables on smoking
abstinence during the study was insignificant (any co-use ?, = 1.4,
p =.24). Although not powered to do so, we assessed the influence of
cannabis co-users, who also met criteria for heavy drinking at base-
line on smoking abstinence (7 = 32/107 = 30% of cannabis co-users).
Cannabis co-users who were also heavy drinkers had a further in-
creased risk of continued smoking during treatment when compared
with noncannabis co-users (RR = 2.6 [1.2-5.6]; p = .02), whereas
cannabis co-users not meeting the criteria for heavy drinking at base-
line were not at an increased risk of continued smoking (RR = 1.6
[0.8-3.0]; p = .14). Although cannabis co-users with heavy baseline
alcohol use had a numerically increased risk of nonabstinence when
compared with cannabis co-users without heavy alcohol use, the dif-
ference was not statistically significant (y?, = 1.5, p = .22).

Changes in Cannabis or Alcohol Use During

Treatment

Decreased rates of smoking during study treatment were associated
with a moderate decrease in cannabis use days (5 CPD reduction;
RR = 0.9 [0.8-1.0]; p = .046) during the concurrent between-visit
time period. Treatment with varenicline did not modify any self-
reported cannabis use (RR = 1.0 [0.8-1.4]; p = .82) or number
of cannabis use days (RR = 0.9 [0.6-1.4]; p = .65) between study
visits. Participants who did not abstain from smoking between visits
were more likely to also report drinking between visits (RR = 1.3
[1.0-1.5]; p = .019). Treatment with varenicline did not modify

self-reported drinking during the study (RR = 1.0 [0.8-1.2]; p = .64),
number of drinking days (RR = 0.9 [0.7-1.2]; p = .57), number of
binge drinking days (RR = 1.1 [0.7-1.5]; p = .76), or alcohol craving
as assessed via the PACS (F, ., = 0.57, p = .85). These results indi-
cate that reductions in smoking were not associated with increases
in cannabis or alcohol use; rather, continued smoking was associated
with increased probability of co-occurring cannabis and alcohol use
during treatment.

Discussion

This secondary analysis evaluated cannabis and/or alcohol co-use
among a sample of adolescent and emerging adult cigarette smokers
enrolled in a smoking cessation pharmacotherapy clinical trial.
Results showed that cannabis co-users were half as likely to achieve
any weekly abstinence from smoking compared with tobacco-only
users. The adverse impact of cannabis co-use on smoking abstin-
ence was particularly pronounced in male co-using participants
and among more frequent cannabis users. Alcohol co-users, how-
ever, did not differ in smoking abstinence during treatment or at
follow-up. Similarly, smoking abstinence across male and female
alcohol co-users versus nonalcohol using participants did not vary.
Findings revealed no evidence of increased alcohol or cannabis use
associated with a reduction or cessation from smoking. Rather, re-
sults showed associations between continued smoking and concur-
rent cannabis use and alcohol consumption. Finally, varenicline did
not exert moderating effects on cannabis or alcohol use during the
treatment trial.

Results for cannabis co-users in this study are consistent with
some previous work showing that co-users have worse tobacco
outcomes.'*'”1% Our results demonstrate that severity of cannabis
use (days of use in the past 30 at baseline), beyond mere status of
cannabis use (yes/no), had a pronounced effect on failure to ab-
stain from smoking compared with intermittent users of cannabis.
This nuanced distinction in defining cannabis co-use may help us
to explain the inconsistent literature on cannabis co-use affecting
smoking cessation outcomes. In addition, gender emerged as an im-
portant variable in this association. Rates of baseline cannabis use
were similar across male and female participants (7.5 = 10.2 days of
cannabis use in the past 30 for males compared with 6.9 = 10.0 days
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of use for females), which is unlikely to explain this finding. More
detailed measures of cannabis use frequency and amount were not
collected in this study, and thus, we are unable to determine if there
were gender differences in the quantity of cannabis consumption in
this sample, which may have contributed to lower rates of smoking
cessation for male co-users. Some studies suggest that males and
females have different patterns of cannabis use, with females being
more likely to report use of cannabis to cope with stress or nega-
tive mood.***” One study found that individuals who report coping
motives are more likely to use substances interchangeably rather
than concurrently.* Although speculative, perhaps males’ cannabis-
tobacco co-use occurs concurrently (therefore tracking more closely
together), whereas females may be more likely to use cannabis or
tobacco interchangeably. Clarifying patterns of co-use, and whether
such patterns differ by individual characteristics (gender, severity
of use, or other) may better explain the mixed literature on the im-
pact of cannabis on tobacco outcomes and is a critical future dir-
ection. More work is necessary to contextualize the characteristics
of co-use in order to identify which co-users will have the most
difficulty with tobacco cessation and develop methods to mitigate
those challenges.

Relatedly, among co-users engaged in tobacco treatment, there
may also be individual differences predicting concurrent increases
or decreases in the use of other substances. Results from the cur-
rent study indicate that increased use of alcohol or cannabis did
not occur during smoking reduction or cessation. Rather, we found
concurrent reductions in these substances with rate of smoking,
which occurred in both the varenicline and placebo groups. It is
likely that individual differences exist in co-use patterns during
treatment such that some may reduce all substance use concur-
rently, whereas others may increase use of nontreated substances.
This is an area of study that requires further exploration. Obtaining
detailed, prospective measures of other drug use during tobacco
treatment will allow for the exploration of compensatory use and
individual differences and characteristics that may lead to these
associated changes.

Finally, this study found no impact of alcohol co-use on smoking
outcomes, even when taking heavier drinking patterns into con-
sideration, which is inconsistent with previous literature.?**’ This
may be due, in part, to relatively low rates of alcohol use in this
sample, coupled with only 20% of individuals reporting 70 alcohol
use. Although we did see relatively high rates of binge episodes in
study participants, those meeting diagnostic criteria for alcohol de-
pendence were excluded and it is possible that recruiting a heavy
drinking sample of tobacco users would have likely yielded different
outcomes.

Limitations

This study had several limitations. First, as an opportunistic ana-
lysis based on a smoking cessation trial, we did not specifically re-
cruit co-users of cannabis or alcohol. Participants were excluded
from study procedures if they met criteria for substance dependence,
as well as certain mood and depressive disorders. Although severe
co-users of cannabis and/or alcohol were excluded from study par-
ticipation, the majority of enrolled participants were using cannabis
and alcohol at least once in the past 30 days. Second, our study
is limited by the lack of frequent biochemical verification to con-
firm self-reported cannabis and/or alcohol use and the limitations
to the biochemical verification of smoking that precluded their use
in analyses. UDS were conducted at key time points in the study to

detect the presence of THC metabolites, but tests did not provide a
quantitative measure of cannabis use, only positive or negative for
the presence of THC metabolites. Alcohol co-use was not biochem-
ically verified in this trial. Although standard drinks were collected
daily, a similar standard metric does not currently exist for cannabis.
The quantification of cannabis use is challenging, and as such, we
relied on cannabis use days without added granularity. Cannabis
co-use also affected biochemical measures of smoking (breath CO
and cotinine), which prevented their use in this analysis. Finally, the
retention of study participants for 12 weeks of treatment and 14
weeks of follow-up was challenging in this trial.>> Cannabis and al-
cohol use data presented in this report were only available for those
participants retained in the study (57% at week 12). This limits our
findings regarding co-use changes during the study and the effects of
varenicline on co-use.

Conclusions

Rates of cannabis and alcohol co-use in this sample of youth
smokers enrolled in a smoking cessation pharmacotherapy clin-
ical trial were high. The co-use of cannabis negatively affected
smoking outcomes, more so for males and frequent cannabis users,
whereas alcohol use did not affect smoking cessation. No evidence
of increased rates of alcohol or cannabis co-use was found, and
varenicline did not appear to affect co-use. It is critically important
to continue work on polysubstance use among youth smokers and
address barriers to cessation that may exist as a result of their
co-use. Research using fine-grained data assessment methods (e.g.,
ecological momentary assessment) that examine affective state and
motivations for use is warranted, particularly at the event level (i.e.,
per each episode of co-use). Advancing this literature is necessary
to develop more informed treatment guidelines and recommenda-
tions for youth co-users, which is currently limited. For cannabis
and tobacco co-use, treatment interventions to date have been pilot/
feasibility trials and all have focused on adults.**=*? For alcohol and
tobacco co-use, treatment strategies have a stronger evidence base,
but work is still limited in terms of approved or widely dissemin-
ated treatments that target both substances.?”** Tobacco treatment
guidelines for youth co-users may also need to take into consider-
ation the motivation to quit or reduce other substance use and how
to manage a potential lack of motivation to quit, while still pro-
moting tobacco cessation. Future work should integrate substance
co-use information into youth tobacco treatment, which may need
to be tailored specifically by certain variables in order to improve
rates of cessation.
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