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Longitudinal associations between use of tobacco and cannabis
among people who smoke cigarettes in real-world smoking
cessation treatment
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PhD?, Sarah S. Olson, BA2, Pamela M. Ling, MD, MPH?

aCenter for Tobacco Control Research and Education, University of California San Francisco, San
Francisco, CA

bCenter for AIDS Prevention Studies, University of California San Francisco, San Francisco, CA

Abstract

Objectives: Cannabis use is common among people who use tobacco. However, little is known
about the relationship between change in use of tobacco and cannabis over time. We examined
the longitudinal associations between use of the two substances in a real-world smoking cessation
context.

Methods: This study analyzed data from a 3-month smoking cessation program delivered

via Facebook in the San Francisco Bay Area, USA during 2016-2020. The sample included

487 participants who smoke cigarettes (Mage=25.4 years old, 39.6% Male, 40.3% White). The
regressors (i.e., frequency or number of days during the past 30 days using cigarettes, e-cigarettes,
and cigars) and the outcome (i.e., frequency of cannabis use) were measured at both baseline and
3-month follow-up. Random-effects modeling examined the longitudinal associations between the
regressors and the outcome controlling for alcohol use and baseline demographics.

Results: Participants who increased (or decreased) their frequency of use of cigarettes (p=0.17,
95% confidence interval [CI] =0.10, 0.24), e-cigarettes (p=0.11, 95%CI=0.05, 0.17), or cigars
(B=0.19, 95%CI=0.06, 0.32) also increased (or decreased) their frequency of cannabis use after
3 months. Sexual minority participants (vs. heterosexuals) (=2.12, 95%CI1=0.01, 4.24) and
those whose education attainment being high school or less (vs. higher education) ($=3.89,
95%CI1=1.25, 6.53) were more likely to increase their frequency of cannabis use over time.

Conclusions: The findings indicated positive associations between change in use of tobacco
and cannabis use. Promoting cessation among people who use tobacco may help to reduce their
cannabis use.
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INTRODUCTION

Cannabis use is very common among people who use tobacco.! People who currently use
tobacco are 3-8 times more likely to report current use of cannabis than those who do
not.23 The intersection of tobacco and cannabis use is a growing public health concern in
the US, particularly among adolescents and young adults, the age groups with the highest
rates of substance use.* Over the past decade, the use of cannabis has been increasing
among people who smoke cigarettes,>® and is associated with persistent cigarette smoking
and decreased successful cessation.3” Importantly, there are more than 100 compounds

in cigarette and cannabis smoke known to cause negative health effects,® so people who
use both substances receive expose to additive toxicants and potentially deleterious health
problems.® Understanding the relationship between use of tobacco and cannabis is critical to
inform treatment strategies to reduce the use of both substances.110

A clinical concern in cigarette smoking cessation treatment for people who use both tobacco
and cannabis is a potential drug substitution effect, in which people might switch to or
increase their cannabis use as compensation for reductions in nicotine intake.11 However,
the existing evidence for drug substitution effects is mixed.1:1112 Continued or increased use
of cannabis among people engaged in tobacco treatment is an important, but understudied
issue. More data are needed to clarify whether people who try to quit smoking cigarettes
increase or decrease their cannabis use.

To date, most studies of the relationship between tobacco and cannabis use have used
cross-sectional data.1314 Such data cannot provide trajectories of substance use or draw
conclusions on dynamic relationships. There have been few longitudinal studies examining
the relationship between the use of tobacco and cannabis over time.12:15-18 Of those,

only two studies specifically examined change in cannabis use in the context of smoking
cessation. One study found that decreased rates of smoking were associated with a

moderate decrease in cannabis use among people enrolled in a randomized clinical trial

of varenicline for smoking cessation.1” The other study found that people who used cannabis
steadily decreased their cannabis use in a randomized clinical trial for smoking cessation.1®
However, there have been no studies examining this topic in real-world settings.

In addition, the evolving tobacco product landscape has resulted in a transformation of
tobacco use patterns. E-cigarette vaping has surpassed cigarette smoking among young
people and use of multiple tobacco products is increasingly popular.1® Non-cigarette
products (e.g., e-cigarettes and cigars) also facilitate co-use of tobacco and cannabis. For
example, e-cigarettes can be modified to vape cannabis in the form of concentrated liquid
hash oil or tetrahydrocannabinol (THC) wax or oil, and vaporizers are increasingly popular
devices for cannabis consumption.2® While evidence on the longitudinal associations
between use of cigarettes and cannabis is mounting, less is known about longitudinal
relationships between use of cannabis and non-cigarette tobacco products.

To address the aforementioned gaps, we analyzed data from 487 people enrolled in an
online smoking cessation program to examine the longitudinal associations between use of
tobacco products (i.e., cigarettes, e-cigarettes, cigars) and cannabis over 3 months. Based
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on the previous research on this topic, we hypothesized that reduction in cigarette smoking
and other tobacco use would not increase the use of cannabis. We examined the effect of
cigarettes on cannabis use rather than the converse effect of cannabis on cigarette use, since
all participants were actively making efforts to quit or reduce smoking.

METHODS

Design

This study is a secondary analysis of de-identified longitudinal data from an online smoking
cessation program provided as a community service to increase access to evidence-based
treatment for young adults who smoke cigarettes (age 18-30) in the San Francisco Bay Area
(https://www.sfcancer.org/tobacco-caused-cancers). The program adapted an intervention
previously tested in a randomized trial, with design enhancements and branded advertising
to increase enrollment.2! The program was advertised on social media and content and
advertising were tailored to reach young adults although older participants were not
excluded. Cessation supports were delivered via 58 Facebook groups during November
2016-March 2020. Groups were tailored to participants’ readiness to quit smoking. Each
day over a period of 90 days, participants received Facebook posts containing smoking
cessation strategies.?! Posts’ content were based on the US Clinical Practice Guidelines for
smoking cessation and the Transtheoretical Model of behavior change and utilized images,
videos, and text designed to reflect the experience of young adults and elicit participation. In
addition, participants were invited to weekly live chat sessions on Facebook with a trained
smoking cessation counselor to answer questions and provide counseling in real time. The
University of California San Francisco Institutional Review Board reviewed this program
and determined that IRB approval and informed consents were not necessary as the program
was not a research study and data were originally collected for quality improvement.

Participants

Eligible people (English-literate, adults who currently use tobacco and resides in San
Francisco Bay Area Counties) were invited to enroll in private Facebook groups. Prior to
starting the cessation treatment, all participants were asked to complete an online survey via
Qualtrics, including their demographics, tobacco and cannabis use, and readiness to quit.
After the 3-month intervention, participants were asked to complete another survey reporting
tobacco and cannabis use and feedback on their experience in the program. Participants
received incentives for survey completion ($20 for baseline survey, $30 for follow up
survey) and $10-30 for their response to Facebook posts. Since the program was provided
as a community service and not a research project, participation in the smoking cessation
groups was not contingent on surveys’ completion. As missingness is commonly expected
in real-world datasets, only 487 (56%) of the 862 people enrolled in the program provided
baseline data and were included in the analytic sample. There was no statistical difference
between the analytic sample and those did not provide baseline data regarding age and
frequency of cigarette smoking. Only 261 participants (54% of the analytic sample or 30%
of the enrolled participants) completed the 3-month follow up survey. Participants who were
male (vs. female) or had an education attainment of high school or less (vs. college or
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higher) were more likely to be lost to follow-up. There was also a temporal pattern in loss to
follow-up over the study years.

Outcome—Frequency of cannabis use was measured at both baseline and 3-month follow
up by the item “During the past 30 days, on how many days (0-30) did you use marijuana,
hash, or blunts?” reported as a continuous variable.

Independent variables—At baseline and 3-month follow up, participants reported the
number of days in the past month they used each of three tobacco products (i.e., cigarettes,
e-cigarettes, cigars/cigarillos). Frequency of use of each tobacco product ranged from 0 to
30 days.

Covariates—Demographic characteristics were collected at baseline. Age was calculated
based on self-reported date of birth. Sex assigned at birth was self-reported as male

and female. Sexual orientation was dichotomized into sexual minority (i.e., lesbian, gay,
bisexual, other) and heterosexual (i.e., straight). Race/ethnicity was measured by combining
two items: race (White, Black, Asian, Hawaiian/Pacific Islander, American Indian/Alaskan
Native, or More than one race) and ethnicity (Hispanic or not). Participants also reported
educational attainment in categories; the variable was dichotomized as “High school or
less” and “College or higher” consistent with prior substance use research.?2 At baseline,
participants were asked “How many cigarettes have you smoked in the past 7 days?” Based
on this question, we calculated an average number of cigarettes smoked per day. In addition,
participants reported substances they used in their e-cigarette devices if they reported vaping
in the past 30 days, as well as reported number of days they used alcohol during the past 30
days at baseline.

Statistical analysis

Participants’ demographic characteristics and substance use at baseline were summarized.
Change in tobacco and cannabis use were described as proportions of increase, decrease,
or no change in frequency of use over 3 months. Participants were classified as increasing
their use of tobacco (or cannabis) if their reported numbers of days using tobacco (or
cannabis) at the follow-up were greater than that at baseline. Conversely, participants were
classified as decreasing their use of tobacco (or cannabis) if their reported numbers of days
using tobacco (or cannabis) at the follow up were less than that at baseline. Those who
reported the same numbers of days using tobacco (or cannabis) were classified as no change.
Missing data at follow up were addressed using multiple imputation.23 We included all
variables (i.e., independent variables, covariates, and the outcome in the analysis model) in
the imputation.2# We then applied multiple imputation via chained equations to create 50
imputed datasets,2® and analyzed them using the Generalized Least-Squares (GLS) models
described below.26:27

Longitudinal associations between tobacco use frequency (i.e., cigarette, e-cigarette, cigar)
and cannabis use frequency were examined in GLS fixed- and random-effects modeling as
these approaches are recommended for panel data analysis.26:27 The fixed-effects model
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treated effects of unobserved variables as fixed constants, while they were treated as
normally-distributed random variables in the random-effects model. To control for the

time effect, the models included a dummy variable for survey time point (e.g., time=0

for baseline, time=1 for follow-up). Year of data collection was also included in the models
to account for potential differences in substance use patterns across the study years. We

then compared the two models based on the Hausman specification test, with the null
hypothesis that the preferred model is random effects. We also conducted a robustness check
by performing the models using only complete data (complete cases analysis).23 All tests
were two-tailed with a significance level of a less than 0.05. Data were analyzed using
STATA 15.0 (StataCorp LLC, College Station, TX, US).

Characteristics of the study participants

Baseline characteristics of the participants were described in Table 1. The sample had a
mean age of 25.35 years (SD=4.68) with 94.25% in a range of 18-30 years old. More than
half were female (58.93%) and 47.23% identified as sexual minority. The majority were
non-Hispanic White (40.25%) and had education attainment of college or higher (79.06%).

Tobacco and cannabis use at baseline and change after 3 months

Tobacco and cannabis use at baseline is presented in Table 1. Almost all the participants
reported smoking cigarettes during the last month with an average of 19.67 smoking days.
More than half also reported past 30-day use of e-cigarettes (51.95%) and 33.06% reported
past 30-day use of cigars. Approximately two thirds of the sample reported past 30-day use
of cannabis (68.38%) for an average of 11.86 days. More than a third smoked cigarettes
daily and most of the participants smoked 5 or fewer cigarettes per day. Among participants
reporting past 30-day use of e-cigarettes, 20.9% used both nicotine and THC in their vaping
devices.

At 3-month follow-up, a greater proportion of participants reported decreased tobacco and
cannabis use than an increase (Figure 1). Notably, 70.88% reported a decrease in frequency
of cigarette smoking, while 14.94% reported an increase and 14.18% reported no change.
Likewise, about one third decreased use of e-cigarettes (39.08%) and cigars (30.27%), while
smaller proportions reported an increase in use of e-cigarettes (18.39%) and cigars (9.19%).
Regarding change in cannabis use, 41% of the sample reported a decrease, 18% reported an
increase, and 41% reported no change.

Longitudinal associations between use of tobacco and cannabis

Multivariate regression results are shown in Table 2. The Hausman test was not significant
(p=0.13), favoring the random effects model. There were significant positive within-person
associations between change in use of each tobacco product and change in cannabis use.
Accordingly, for each day of increased smoking frequency at follow-up, cannabis use
frequency also increased by 0.17 days (95% Confidence Interval [CI]=0.10, 0.24). An
average decrease in smoking frequency among the participants was 11 days. As a theoretical
case, when an individual decreased their smoking frequency by 11 days, this person also
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decreased their cannabis use frequency by 1.87 days (11*0.17). Likewise, frequency of

use of e-cigarette (3=0.11, 95%CI=0.05, 0.17) and cigar (p=0.19, 95%CI=0.06, 0.32) use
were positively associated with frequency of cannabis use. In addition, sexual minority
participants (vs. heterosexuals) (=2.12, 95%CI1=0.01, 4.24) and those with education
attainment of high school or less ($=3.89, 95%CI=1.25, 6.53) were more likely to increase
their frequency of cannabis use over time. Complete cases analysis showed similar results
for associations between use of cigarettes and e-cigarettes and use of cannabis with the same
significant associations but slightly larger estimated coefficients. However, there were no
significant associations for cigar use, sexual minorities, and education attainment.

DISCUSSION

This study is one of the few examining longitudinal relationships between tobacco and
cannabis use among people in a smoking cessation treatment outside of a clinical trial.

The most important finding is that change in frequency of use of tobacco products (i.e.,
cigarettes, e-cigarettes, cigars) was positively associated with change in frequency of
cannabis use. In our sample, more than a half of the participants who decreased their tobacco
use also decreased their cannabis use after participating in the community smoking cessation
program.

As our data were from those participating in an online smoking cessation program, a
greater proportion of participants reduced their tobacco use than increased after the 3-month
intervention. This encouraging finding coupled with the positive associations between
change in tobacco and cannabis use highlight potential additional benefits from tobacco
smoking cessation interventions. While one might expect an increase in cannabis use among
those trying to quit tobacco use,1328 our data suggest the substitution effect does not

occur in the context of real-world smoking cessation treatment, though it might in social
contexts.? This finding is consistent with previous studies showing that increased use of
cannabis did not occur during smoking reduction or cessation,17:18:30 and a meta-analysis
indicating that smoking cessation supports sobriety from other substance use.3! This study
adds to the literature by including a broader range of tobacco products. In addition to
cigarettes, we found that change in use of e-cigarettes and cigars were positively associated
with change in cannabis use. This suggests that any reduction in nicotine use, regardless

of product type, was linked to a reduction in cannabis use. While the effect sizes found in
our study were small, the same direction of changes in use of tobacco and cannabis has
important implications to address cessation treatment for people who use both substances.

The positive associations between change in tobacco and cannabis use can be explained

by different behavioral mechanisms underlying the co-use of these substances.28 First,
neurobiological evidence suggests that the practice of combining tobacco and cannabis may
be an attempt to counterbalance negative and aversive states induced by either substance.28
Accordingly, removing one substance may eliminate the need to alleviate aversive effects
with the other. Second, behavioral cues from shared routes of administration (e.g., smoking
or vaping one substance triggers smoking or vaping the other) may contribute to co-use of
tobacco and cannabis.28 As such, when tobacco use ceases, the cue for cannabis use might
disappear. Last but not least, our sample was composed of smoking cessation treatment-
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seeking people, with 73% planning to quit smoking in the next month at baseline. These
motivated participants may also be motivated to reduce their cannabis use.32 Future research
should clarify mechanisms underlying change in cannabis use during smoking cessation
treatment.

Our study also found that sexual minority and less-than-college educated participants were
more likely to increase their cannabis use over 3 months. These findings are consistent with
literature documenting disproportionately high prevalence of polysubstance use, substance-
related health disparities, and low access to tobacco cessation treatment and healthcare
among these groups.32:33 In addition, the findings could be partly due to risk factors (e.g.,
psychological distress, targeted marketing)33:34 that were not available in our data. The
observed increase in cannabis use coupled with the increasing legalization of cannabis
nationwide3® calls for attention to cannabis use during tobacco treatment for sexual minority
and low socioeconomic populations.

This study has important clinical implications. There is a growing concern that cannabis
legalization may increase co-use of tobacco and cannabis, and risk for tobacco-related
harms.38 Clinicians may not counsel for cannabis cessation as routinely or as strongly as
tobacco cessation, because cannabis may be used for medicinal purposes (e.g., treatment of
chronic pain or chemotherapy-induced nausea and vomiting), and use is frequently perceived
as helpful or reported for treatment other medical conditions despite limited scientific
evidence of efficacy.3” However, previous studies among young adults showed that the most
common reason for cannabis use in this age group is recreational (e.g., social, having fun,
experimenting, getting high, and relaxing).38 Moreover, a study among young adults in
California indicated that acquiring medical cannabis card was associated with more frequent
use, and not associated with mental and physical health concerns.39 While some medical
providers may not actively discourage use of cannabis to alleviate symptoms in older people
with chronic debilitating medical conditions, given the high rates of recreational use and the
associations between cannabis use and impaired academic achievement, social functioning
and mental health disorders,3” reducing the use of both tobacco and cannabis is desirable for
young people.

Our findings suggest that effective interventions for cigarette smoking may also encourage
cannabis cessation among people who use both substances rather than compensatory
increases in cannabis. While our program focused on smoking cessation, in the future
cannabis cessation support could be added to smoking cessation interventions to help young
people quit both substances. In addition, reducing non-cigarette tobacco product use was
also associated with reduced cannabis use. These data suggest that screening and treatment
for cigarette smoking, alternative tobacco product use including e-cigarettes, and cannabis
use could be integrated and addressed together in practice. In addition, our data are from a
Facebook-based intervention, which showed a positive effect in a context requiring minimal
clinical management. These online cessation interventions may also increase access to
cessation treatment for sexual minority and low socioeconomic populations;° both groups
we found were at increased risk for increased cannabis use. Additional supports for cannabis
cessation delivered in online smoking cessation platforms may be particularly relevant for
these priority populations.
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This study had several limitations. The issues of loss to follow-up and missing data are
not uncommon in real-world data and longitudinal studies. As this study is a secondary
analysis from a non-research longitudinal data collection effort that had no compulsory
survey participation, 46% of the participants in our study did not complete the follow-up
surveys, resulting in a substantial proportion of missing data, which could impact the
study’s internal validity. Although we conducted multiple imputation to handle the missing
data and the robustness check of complete cases analysis, our study findings should be
interpreted with caution and more longitudinal research is needed to confirm the positive
associations between use of tobacco and cannabis found in this study. In addition, our
sample of young adults who smoke cigarettes from the San Francisco Bay Area may limit
generalizability of findings to other age groups and geographic regions. Our participants
were motivated to quit smoking and sought out the smoking cessation program; future work
should examine whether our findings extend to people less motivated to quit smoking or
who are not treatment-seeking. In addition, our substance use measures were self-reported
and not biologically verified, and thus may be subject to recall bias. Another limitation

is a lack of detailed data on cannabis use (e.g., modes of cannabis use, cannabis use
dependence, mativation to quit using cannabis, whether cannabis was simultaneously used
with tobacco). We also did not collect data on intensity of use (e.g., how many times
using tobacco/cannabis within a day). This may impact our results if a participant reduced
numbers of using days but increased numbers of using times within a day. Future research
should obtain this information to better understand changes in tobacco and cannabis use.
Finally, this study measured changes in substance use in a relatively short time period (3
months). Additional work should address longer term longitudinal patterns of behavior.

CONCLUSIONS

This study indicated positive longitudinal associations between tobacco and cannabis use
among people in real-world smoking cessation treatment. Providing smoking cessation
supports to people with motivation to quit smoking may result in decreases in both tobacco
and cannabis consumption. This effect may be enhanced by integration of tobacco and
cannabis cessation programs delivered via online platforms.
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Figure 1:
Proportions of change in frequency of tobacco and cannabis use over 3 months among

cigarette smokers completing both baseline and follow-up surveys (N=261)
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Table 1:

Characteristics of the study sample at baseline (N=487)

Characteristics N (%) or Mean (SD)
Demogr aphics
Age
Mean (SD) 25.35 (4.68)
18-30 years old 459 (94.25)
Over 30 years old 28 (5.75)
Sex at birth
Male 193 (39.63)
Female 287 (58.93)
Sexual identity
Heterosexual 248 (50.92)
LGBTQ+ 230 (47.23)
Race/Ethnicity
NH White 196 (40.25)
NH Black 51 (10.47)
NH Asian 57 (11.70)
Hispanic 80 (16.43)
Other/Multi-race 96 (19.71)
Education attainment
High school or less 94 (19.30)
College or higher 385 (79.06)
Substance use
Past 30-day use (yes/no) N (%)
Cigarette 472 (96.92)
E-cigarette 253 (51.95)
Cigar 161 (33.06)
Cannabis 333 (68.38)
Alcohol 363 (74.54)
Frequency of use (# daysin the past month), Mean (SD)
Cigarette 19.67 (10.73)
E-cigarette 7.08 (12.70)
Cigar 2.69 (6.56)
Cannabis 11.86 (12.48)
Alcohol 8.25 (7.90)
Smoking cigarettes daily 175 (35.9)
Cigarettes smoked per day
0-5 362 (74.3)
6-19 101 (20.7)
20 or more 24 (4.9)

Substance vaped among past 30-day e-cigar ette user s (N=253)
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Nicotine
THC
Nicotine + THC

Without nicotine

125 (49.4)

68 (26.9)

53 (20.9)
6 (2.4)
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Longitudinal associations between frequency of tobacco and cannabis use

Table 2:

Independent variables

Imputation analysis
(N=487 participants, 50 imputed datasets)

Completed cases analysis
(N=261 participants)

Frequency of use of each tobacco product

Cigarette
E-cigarette
Cigar
Covariates
Age
Sex at birth (Female vs. Male)
Sexual minority (Yes vs. No)
Race/ethnicity (Ref = NH White)
NH Black
NH Asian
NH Multiracial/Other
Hispanic
Education
Highschool or less vs. College or higher
Year of data collection
Alcohol use frequency

Time effect

B (95% CI)
0.17 (0.10, 0.24) ™™
0.11 (0.05, 0.17)

0.19 (0.06, 0.32) **

-0.17 (~0.38, 0.05)
0.67 (~1.40, 2.75)

2.12 (0.01, 4.24)*

2.08 (-1.45, 5.60)
-1.67 (-5.00, 1.66)
1.22 (-1.50, 3.94)
0.42 (-2.57, 3.40)

3.89 (1.25, 6.53)
0.17 (~0.86, 1.20)
0.09 (~0.02, 0.19)
~0.40 (~1.67, 0.88)

*

0.19 (0.11, 0.27) ™™

B (95% ClI)

*

0.12 (0.05, 0.19)
0.12 (~0.04, 0.28)

-0.06 (-0.33, 0.22)
0.42 (-2.40, 3.23)

2.24 (-0.52, 5.01)

0.13 (-4.42, 4.68)
-1.87 (-5.88, 2.15)
0.95 (-2.58, 4.47)
1.48 (~2.64, 5.60)

2.59 (~1.08, 6.25)
-0.73 (-2.13, 0.68)
0.09 (-0.04, 0.22)
-0.34 (-1.69, 1.02)

-
p<0.05,

Aok

p<0.01,

Aok

.
"p<0.001;

ClI: Confidence Interval
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