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Effects of dual use of e-cigarette and cannabis during 
adolescence on cigarette use in young adulthood

Talat Islam1, Sandrah Eckel1, Feifei Liu1, Jessica Barrington-Trimis1, Alyssa F Harlow1, 
Neal Benowitz2, Adam Leventhal1, Rob McConnell1, Junhan Cho1

1Department of Population and Public Helath Sciences, Keck School of Medicine, University of 
Southern California, Los Angeles, CA, USA

2University of California San Francisco, San Francisco, California, USA

Abstract

Introduction—E-cigarette and cannabis use by adolescents are risk factors for smoking 

initiation. We hypothesised that increasingly common dual use of e-cigarette and cannabis in 

adolescence leads to more frequent cigarette smoking in young adulthood.

Methods—Data are from a prospective cohort study in Southern California, where 1164 

participants who ever used nicotine products in their lifetime completed surveys in 12th grade 

(T1:2016), and at 24-month (T2) and 42-month (T3) follow-ups. Past 30-day use (number of days: 

range=0–30) of cigarettes, e-cigarettes and cannabis, and nicotine dependence, were assessed 

in each survey. Nicotine dependence for cigarettes and e-cigarettes was assessed using original 

and modified (for e-cigarette) Hooked on Nicotine Checklists (number of dependent products: 

range=0–2). Path analysis examined the mediation process via nicotine dependence linking 

baseline e-cigarette and cannabis use to subsequent increased cigarette use.

Results—Baseline exclusive use of e-cigarettes (baseline prevalence, 2.5%) was associated with 

2.61-fold increase in frequency of smoking days at T3 (95% CI 1.04 to 13.1), exclusive cannabis 

use (26.0%) with 2.58-fold increase (95% CI 1.43 to 4.98), and dual use (7.4%) with 5.84-fold 
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increase (95% CI 3.16 to 12.81), compared with baseline non-users. Nicotine dependence at T2 

mediated 10.5% (95% CI 6.3 to 14.7) and 23.2% (95% CI 9.6 to 36.3) of the association of 

cannabis and dual use, respectively, with increased smoking at T3.

Discussion—Adolescent e-cigarette and cannabis use was associated with more frequent 

smoking during young adulthood, with larger effects of dual use. Associations were partially 

mediated through nicotine dependence. Dual use of cannabis and e-cigarettes may contribute to 

the development of nicotine dependence and increased use of combustible cigarettes.

INTRODUCTION

Cigarette smoking among high school students has declined for several decades in the USA. 

However, a new pattern of nicotine and cannabis use related behaviour characterised by 

high prevalence of e-cigarette vaping and cannabis use has emerged among adolescents and 

young adults over the last two decades.1–3 The annual prevalence of cannabis use among 

12th graders declined in the USA from a peak in 1979 (prevalence rate:51%) until 1992 

(prevalence rate:22%). Since then the annual prevalence of cannabis use increased to 35.9% 

in 2018.1 This increase in cannabis use co-occurred with increases in e-cigarette use in the 

USA. According to the 2019 Youth Risk Behavior Survey (YRBS), the prevalence of past 

30-day use of e-cigarettes, cannabis and cigarettes was 33%, 22% and 6%, respectively, 

among 9th–12th graders.4 The prevalence of past 30-day exclusive use of e-cigarettes and 

cannabis was 14% and 4%, respectively, and the prevalence of dual use of e-cigarettes and 

cannabis was 13%. The high prevalence of e-cigarette and cannabis dual use among high 

school children is concerning given the well-established relationship between cannabis and 

smoking.5 Cannabis use has been associated with smoking initiation among non-smokers 

and with difficulty in quitting among smokers,6 effects that might be due to cannabis-

facilitated nicotine dependence.5

There is a large body of evidence that e-cigarette use is also associated with subsequent 

use of combustible cigarettes.7 In a meta-analysis, Yoong et al identified 25 studies through 

systematic review, 13 of which were from the USA. The adjusted pooled risk ratio of the 17 

studies investigating the relationship between ever use of e-cigarettes and subsequent ever 

use of combustible cigarettes was 3.01 (95% CI 2.37 to 3.82). Six studies investigated the 

association between ever use of e-cigarettes ‘at baseline’ and subsequent ‘current’ (past 30-

day) use of combustible cigarettes; the pooled adjusted risk ratio was 2.56 (95% CI 1.61 to 

4.07). The progression from e-cigarette use to smoking potentially can be explained by two 

major possible pathways: the intention pathway and the addiction pathway.8 9 A recent study 

exploring the possible role of intention pathway (e-cigarette use leads to higher intention to 

smoke) noted that, although ‘intent to smoke’ is a strong risk factor for smoking initiation 

following e-cigarette use among adolescents,10 it cannot explain the total effect. Their 

finding suggests that the progression from e-cigarette use to smoking may also involve other 

pathways, like the ‘addiction pathway’ (e-cigarette leads to nicotine dependence, leading 

to smoking initiation). E-cigarettes deliver nicotine that is rapidly absorbed and in amounts 

that can result in nicotine dependence.11 Potential addictiveness of e-cigarette use has been 

observed in multiple studies.8 9 11 12 A recent study reported that the prevalence of nicotine 

dependence did not vary between e-cigarette and combustible cigarette users, although 
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urinary cotinine levels were lower among e-cigarette users compared with combustible 

cigarette users.13

There is a growing body of evidence that e-cigarette-induced nicotine dependence can 

be potentiated with co-use of cannabis.14 15 At the molecular level, the actions of 

both nicotine and δ-9-tetrahydrocannabinol (THC), directly or indirectly, involve the 

dopaminergic pathway15 that is central to reward-seeking and reinforcing behaviour, and 

to drug use and dependence.16 The simultaneous upregulation and desensitisation of the 

nicotinic acetylcholine receptors is purported to be related to nicotinic disorder as they 

modulate both dopaminergic and glutaminergic pathways.17 THC, the main psychoactive 

ingredient of cannabis, is an agonist of cannabinoid type-1 receptors (CB1Rs) that modulate 

neurotransmitter release.14 Activation of CB1Rs by THC leads to increased activity of 

dopaminergic neurons in the mesolimbic region. Besides sharing similar neurobiological 

pathways with THC, nicotine is known to interact with CB1Rs.18 Furthermore, the 

cholinergic (nicotine induced) and endocannaboid (cannabis induced) systems are known 

to interact in reward-related processes.19 In animal studies, selective blocking of CB1R has 

been shown to diminish the rewarding properties of nicotine.20

Currently little is known regarding the effect of e-cigarette and cannabis dual use by 

adolescents on smoking behaviour and nicotine dependence in young adulthood. Based 

on the associations of e-cigarette and cannabis use with smoking progression and on 

the neurobiology of addiction to nicotine and cannabis, we hypothesised that dual use 

of e-cigarettes and cannabis among high school adolescents will lead to greater use of 

cigarettes during young adulthood, and the prospective associations will be mediated 

through increased level of nicotine dependence (the addiction pathway). We explored our 

hypothesis in a prospective cohort study of 12th grade students who were followed into 

young adulthood.

METHODS

Sample and procedure

Participants in this analysis were a subsample (n=1164) of an ongoing prospective cohort 

study on mental health and health behaviours originally recruited as 9th grade students 

in 2013 from 10 Southern California high schools (see online supplemental figure S1).21 

Paper-and-pencil surveys were administered at baseline on-site at participating high schools, 

and follow-up surveys were conducted remotely via the internet. Of the 3396 participants in 

the original cohort, 3168 completed surveys during 12th grade (the baseline survey for this 

analysis). As we hypothesised that cannabis and e-cigarette use lead to increased cigarette 

use through nicotine dependence, we restricted the current analysis to the 1164 participants 

who had ever used any nicotine products (eg, combustible cigarettes, e-cigarettes) at least 

once in 12th grade or at subsequent surveys. (Only ever nicotine users were asked about 

nicotine dependence in the study, see online supplemental figure S1.). The study sample 

included data from participants who completed surveys at baseline (T1; Fall 2016, 12th 

grade, mean age (SD) = 17.5 (0.4) years) and two follow-ups after high school graduation 

(T2 (24-month follow-up; October 2018 to October 2019); mean age (SD) = 19.7 (0.4) 
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and T3 (42-month follow-up; May to October 2020); mean age(SD) = 21.2 (0.4)). All 

participants provided informed consent.

Measures

E-cigarette and cannabis use—At baseline, participants reported past 30-day use of 

e-cigarettes (with nicotine) and cannabis products using questions derived from validated 

national survey items.22 23 Cannabis products included ‘(1) combustible cannabis (eg, pot, 

weed, hash, reefer, or bud); (2) blunts (ie, cannabis rolled in tobacco leaf or cigar casing); 

(3) electronic device to vape cannabis or hash oil (eg, liquid pot, weed pen) [vaporised 

cannabis]; (4) cannabis or THC food or drinks (eg, pot brownies, edibles, butter, oil) [edible 

cannabis]; and (5) dabbing (eg, wax, shatter, budder, butane hash oil /BHO) [cannabis 

concentrate]’. Both e-cigarette use and cannabis products use variables were dichotomously 

coded (0=no use; 1=any use), and a dual use status variable was created using these two 

dichotomous variables (0=no use; 1=any cannabis product use only; 3=e-cigarette use only; 

and 4=dual use of cannabis products and e-cigarettes).

Combustible cigarette use—Across baseline and follow-up assessments, frequency (ie, 

number of days) of combustible cigarette use in the past 30 days was assessed by an 

ordinal item with seven options. These response categories were recoded into quantitative 

count variables by taking the mean value of each ordinal category (ie, rounding up to the 

nearest integer) for use in negative binomial regression models as follows: 0 days (0 days), 

2 days (1–2 days), 4 days (3–5 days), 8 days (6–9 days), 15 days (10–19 days), 25 days 

(20–29 days) and 30 days (all 30 days). As an alternative outcome for sensitivity analyses, 

participants were also asked how many cigarettes, on average, were smoked daily. We also 

calculated ‘cigarettes used per day’ based on number of cigarettes smoked per smoking day 

in the last 30 days.

Nicotine dependence—At all time points, tobacco product dependence symptoms were 

measured using the Hooked on Nicotine Checklist (HONC), a validated self-report measure 

for use among youth, who commonly have mild dependence.24–26 Students reported 

whether they had ever experienced each of 10 dependence symptoms for e-cigarettes and 

for combustible cigarettes. E-cigarette and combustible cigarette dependence items were 

identically worded, except for substitution of e-cigarette and vaping terms for cigarette 

and smoking. Endorsing ≥1 symptoms indicated that the participant screened positive for 

dependence.12 24 A nicotine dependence variable for e-cigarettes and cigarettes was then 

coded as 0 (neither), 1 (to either product) or 2 (to both products).

Covariates—Past 30-day use of tobacco, cannabis use and other tobacco products (ie, 

any use of cigars/cigarillos or hookah) at baseline (T1; during high school years), and 

sociodemographic characteristics including gender, age, race/ethnicity, parental education 

level, and school free/reduced lunch were treated as covariates in the analysis. Participants’ 

enrolment in a 4-year college programme, living with parents, and personal and family 

financial situation were assessed at the first follow-up survey (T2) after (grade 12) high 

school graduation. Response categories for each covariate are presented in table 1.

Islam et al. Page 4

Tob Control. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical analysis

Preliminary analyses involved calculating descriptive statistics for study covariates and 

combustible cigarette use levels across follow-ups by baseline e-cigarette and cannabis dual 

use status. We examined a path model to evaluate the total direct effect of past 30-day 

e-cigarette and cannabis dual use at baseline on past 30-day combustible cigarette use 

outcome at T3 after controlling for sociodemographic factors, nicotine dependence, cigarette 

use and other tobacco product use at T1. Using the path analysis, we then tested mediation 

pathways linking baseline past 30-day e-cigarette and cannabis dual use status to past 

30-day combustible cigarette use outcome at T3 via nicotine dependence and combustible 

cigarette use at T2. Estimates on pathways linking baseline dual use status to mediators (ie, 

nicotine dependence and number of smoking days at T2) were presented by unstandardised 

regression coefficients (bs). Also, considering the distribution of the past 30-day combustible 

cigarette use frequency outcome variable at T3 (ie, non-negative integers showing positive 

skewness with evidence of overdispersion), negative binomial regression modelling was 

used.27 The negative binomial regression coefficients (bs) were exponentiated to obtain rate 

ratios (RRs) with 95% CIs. Indirect effects were tested via bootstrapping, and effect sizes 

were calculated based on the proportion of indirect effect to the total effect using a protocol 

of a regression-based model.28

Sensitivity analyses

We restricted the analysis to study participants who were not past 30-day cigarette smokers 

at T1 (n=1057) to investigate whether the observed associations were similar (online 

supplemental figure S2). We also assessed whether having excluded participants who 

reported ‘no lifetime’ use of nicotine products at baseline (n=1439) could have resulted 

in selection bias; we conducted a sensitivity analysis including all participants who provided 

valid data at baseline and at least one follow-up (n=2603, online supplemental figure S3). 

We also assessed whether the key mediational pathways in the primary analysis were also 

observed in an analysis using an alternative cigarette use outcome, the number of cigarettes 

smoked per smoking day (online supplemental figure S4).

All analyses were conducted in Mplus V.8.29 As respondents were clustered within schools 

at baseline, a complex analysis was used to adjust parameter SEs for interdependence 

in the data (ie, the error terms of regression models were not independent) to avoid 

an underestimation of SEs. Statistical significance was set at p=0.05 (two-tailed). Full 

information maximum likelihood estimation was used to account for missing data.

RESULTS

Study population

Among total 3168 high school students who completed the baseline survey, the analytical 

sample included 1164 participants who were identified as lifetime nicotine product users 

and provided valid data for key study variables at baseline and at ≥1 follow-ups (online 

supplemental figure S1). The study population was sociodemographically heterogenous 

(56.3% female, 53.6% Hispanic, 11.2% Asian, 4.0% black, 16.8% non-Hispanic white), 

with a mean (SD) age of 17.5 years (0.4) at baseline, 19.7 (0.4) at T2 and 21.2 (0.4) at T3. 

Islam et al. Page 5

Tob Control. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



At T2, the first follow-up time point after high school graduation, 57.4% of the analytical 

sample was enrolled in a 4-year college programme, and 73.3% of respondents reported 

living with a parent (table 1). The 1439 who completed the survey at baseline (12th grade) 

but never used any nicotine products at baseline or at any of the follow ups did not differ 

from the analytical sample in age (see online supplemental table S1) but were more likely to 

be Asian and have college graduate parents, and less likely to be Hispanic.

Nicotine and cannabis use

There were 8.7% of study participants who smoked cigarettes int the past 30 days at 

baseline. The average number of days of cigarette use in the past 30 days was 0.73 (SD=3.7) 

at T1, 0.85 (SD=3.7) at T2 and 0.66 (SD=2.87) at T3. Among the analytical sample, 26% 

used cannabis exclusively; only 2.5% used e-cigarettes exclusively; and 7.4% were dual 

users (used e-cigarettes and cannabis). Among the e-cigarette and cannabis dual users at 

baseline (T1), the average days of cigarette use were consistent over time (mean difference 

test values of p≥0.95): 2.0 days at T1, 2.5 days at T2 and 2.3 days at T3, respectively. 

The past 30-day cigarette smoking days were not statistically significantly different over 

the study period (T1,T2 and T3; values of p≥0.09) for any of the e-cigarette and cannabis 

use status at baseline (figure 1A). The average number of days of cigarette smoking was 

significantly higher among dual users compared with exclusive cannabis users (values 

of p<0.03), or with non-users (values of p<0.001), at each of the time points (T1–T3; 

figure 1A). Average number of days of smoking were not statistically significantly different 

between exclusive cannabis and exclusive e-cigarette users at each time point. Respondents 

reporting exclusive e-cigarette or cannabis use at T1, T2 and T3 also had higher past 30-day 

smoking frequency than those who reported no past 30-day use of either e-cigarette or 

cannabis (values of p<0.05).

A similar pattern was observed for nicotine dependence; dual users showed the highest 

number of symptoms for nicotine dependence than other use statuses (figure 1B). At 

baseline, in the past 30 days, only 1% of the participants used e-cigarette all 30 days, while 

it was 3.3% for cannabis use (online supplemental table S2)

Primary results of path analyses

A path model was first conducted to evaluate the total effect of e-cigarette and cannabis 

use at baseline on past 30-day combustible cigarette use outcome at T3. We then performed 

a mediational path analysis to examine associations linking e-cigarette and cannabis use 

(T1) to cigarette use (T3) via cigarette use and nicotine dependence (T2). After controlling 

for baseline combustible cigarette use and other covariates, exclusive cannabis use (b=0.95; 

95% CI 0.36 to 1.61/RR=2.58; 95% CI 1.43 to 4.98) in the past 30 days at T1 (12th 

grade), compared with no use, was significantly associated with increases in past 30-day 

combustible cigarette use at T3 (ie, total effect; figure 2).

This total effect was mediated by nicotine dependence at T2 in the mediational path 

analysis model simultaneously adjusting for the concurrent mediational process of cigarette 

use at T2 (figure 3). Compared with no use, exclusive cannabis use in 12th grade was 

positively associated with increases in nicotine dependence (b=0.08; 95% CI 0.05 to 0.11) 
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and cigarette use (b=0.38; 95% CI 0.18 to 0.57) at T2, which in turn were significantly 

related to greater number of smoking days at T3 (b=1.30; 95% CI 0.84 to 1.79/RR=3.67; 

95% CI 2.32 to 6.01 and b=0.07; 95% CI 0.02 to 0.12/RR=1.07; 95% CI 1.02 to 1.13, 

respectively). The remaining direct effect of cannabis only use at T1 on increases in cigarette 

use at T3 was significant (b=0.82; 95% CI 0.28 to 1.36/RR=2.28; 95% CI 1.33 to 3.88) but 

reduced compared with the total effect (table 2 and online supplemental table S3).

For dual use, the main effect model found the significant association between dual 

cannabis/e-cigarette use at T1 and cigarette smoking at T3 (b=1.77; 95% CI 1.15 to 2.55/

RR=5.84; 95% CI 3.16 to 12.81); figure 2. Compared with participants with no e-cigarette 

or cannabis use at baseline, who reported (unadjusted) average 0.4 days of smoking at 

T3, dual users at baseline reported average 2.3 days of smoking at T3 (figure 1A). In 

the subsequent mediational path analysis, baseline dual users showed increased levels of 

nicotine dependence (b=0.31; 95% CI 0.19 to 0.43) and combustible cigarette use (b=1.50; 

95% CI 0.97 to 2.03) after high school graduation (T2), which in turn were positively 

associated with the number of smoking days at T3. After accounting for these mediational 

paths, baseline dual use was significantly associated with increases in past 30-day cigarette 

use (b=1.26; 95% CI 0.11 to 2.31/RR=3.51; 95% CI 1.12 to 10.01) as remaining direct 

effects (figure 3 and table 2).

Compared with no use of e-cigarette and cannabis at T1, exclusive e-cigarette use at T1 was 

associated with increases in number of cigarette smoking days at T3 (b=0.96; 95% CI 0.04 

to 2.57/RR=2.61; 95% CI 1.04 to 13.07); figure 2 (total main effect). However, exclusive 

e-cigarette use at T1 was not significantly associated through meditational paths of nicotine 

dependence and cigarette use at T2 with cigarette use at T3 (figure 3 and table 2).

Test of indirect effects

In the primary mediation path analysis, nicotine dependence and combustible cigarette use 

simultaneously mediated the prospective associations of exclusive cannabis use and dual 

use with combustible cigarette use. As presented in table 2, the indirect effect of exclusive 

cannabis use at T1 → Nicotine dependence T2 → Cigarette use T3 was significant (b=0.10; 

95% CI 0.06 to 0.14), and nicotine dependence at T2 mediated 10.5% (95% CI 6.3% to 

14.7%) of total effects of exclusive cannabis use at T1 on increases in cigarette use at T3. 

The indirect effect of Dual use T1→ Nicotine dependence T2 → Cigarette use at T3 was 

significant, and the proportion of this indirect effect of the total effect was 23.3% (95% CI 

9.6% to 36.3%). Cigarette use at T2 significantly mediated 3.2% (95% CI 1.1% to 5.3%) of 

the associations of exclusive cannabis use at T1 with cigarette use at T3, and 5.7% (95% CI 

1.7% to 10.2%) of total effects of dual use on cigarette use at T3.

Sensitivity analyses

After restricting the analysis to study participants who were not past 30-day cigarette 

smokers at T1 (n=1057), exclusive cannabis use and dual use of e-cigarettes and cannabis 

at T1 were still associated with increased cigarette use at T3, and the associations were 

mediated through nicotine dependence and cigarette smoking at T2 (see online supplemental 

figure S2). Thus, the pattern of associations was consistent, although the estimates of 
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associations of nicotine dependence and cigarette use at T2 with cigarette use at T3 were 

attenuated. In the sensitivity analysis including all participants who provided valid data at 

baseline and at least at one follow-up (n=2603, figure 1), the overall associations were 

similar to results in the primary analysis (see online supplemental figure S3). Using the 

supplemental outcome of cigarette use quantity per day in the past 30 days (ie, number 

of cigarettes smoked per smoking day; range=0–20 cigarettes), we consistently found 

significant results in the key mediating pathways of dual use T1→ Nicotine dependence 

T2→ Cigarettes smoked per smoking day T3 (see online supplemental figure S4).

DISCUSSION

As e-cigarette and cannabis use among adolescents is common, it is important to understand 

how these exposures affect cigarette smoking habits into young adulthood. To the best of 

our knowledge this is the first study exploring the dual effect of e-cigarette and cannabis use 

among adolescents on subsequent cigarette smoking among young adults via the mediational 

process of nicotine dependence using longitudinal data, which were available over a follow-

up period of 42 months. Using mediational analysis, we show that cannabis and e-cigarette 

use during 12th grade was prospectively associated with higher frequency of combustible 

cigarette use at 42-month follow-up after high school graduation and that the estimated 

effect was partially mediated through nicotine dependence and cigarette use assessed at 

24-month follow-up. Prevalence of combustible cigarette use at the conclusion of follow-up 

was most prominent among adolescents who were dual users of e-cigarette and cannabis 

(2.3 average smoking days (figure 1a), 31.4% past-month smokers among dual users (online 

supplemental table S4)). The effect of dual use of cannabis and e-cigarettes with subsequent 

smoking has not been explored in previous longitudinal studies. Thus, the association of 

both cannabis and e-cigarette use leading to a large increased risk of monthly smoking days, 

with a substantial proportion of this increase mediated through nicotine dependence and 

cigarette use in the intervening period is a unique contribution to our understanding of the 

trajectory of smoking increase in young adults.

Previous studies have shown that the ‘intention pathway’—higher intention to smoke 

cigarettes—only partially explains the risk of subsequent smoking among e-cigarette 

users.10 A recent study exploring the possible role of the intention pathway found 

that although smoking initiation was higher among adolescents who intended to smoke, 

adolescents who were never smokers and had no intention to smoke but used e-cigarettes 

were more than four times more likely to smoke in subsequent years than adolescents who 

did not use e-cigarette.10 The authors concluded that this might be due to the role of the 

‘addictive pathway’ above and beyond the ‘intention pathway’ among e-cigarette users. 

Our group has previously reported that adolescents were more likely to have symptoms of 

e-cigarette dependence if they vaped in the last 30 days, compared with those who did not 

vape in last 30 days.12 The current observation that dual use of cannabis and e-cigarettes 

markedly augmented nicotine dependence, leading to higher frequency of subsequent 

smoking, is biologically plausible based on similar effects of cannabis and e-cigarettes on 

dopaminergic pathways of addiction.
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Results are consistent with previous studies showing associations of e-cigarette and cannabis 

use with nicotine dependence.30–34 Strengths of this study are to demonstrate that the 

strong association of dual e-cigarette and cannabis use with subsequent frequency of 

days of cigarettes smoked and to show that these associations were partially mediated 

through nicotine dependence and cigarette use; the estimated mediational effect of nicotine 

dependence on subsequent frequency of cigarette smoking was larger than the mediational 

effect of cigarette smoking, indicating that nicotine dependence is central to understanding 

the effects of e-cigarette and cannabis use on smoking progression. In addition, dual use 

of e-cigarette and cannabis among adolescents had substantial associations with nicotine 

dependence; the estimated effect of dual use on subsequent smoking frequency was 

substantially larger than the effect of either alone. This effect of dual use of e-cigarette and 

cannabis, potentially due to interactions within neurological pathways of addiction shared 

by nicotine and cannabis5 14 18 warrants further investigation in animal and human studies. 

Additional research is also needed to differentiate the roles of the ‘intention pathway’ 

and ‘addiction pathway’ in cigarette uptake associated with the dual use of e-cigarette 

and cannabis. Although the mediational pathways of combustible cigarette use at T2 were 

simultaneously modelled with nicotine dependence to consider the consistency of smoking 

behaviours over time, this does not control for the ‘intention pathway’, because it reflects 

effects of both intentions to smoke and addiction effects at T1.

Associations of cannabis use with cigarette smoking have been observed among adults.35 

In a large cohort (age 18+ years, n=26 341), those who used cannabis were at much 

greater risk of subsequent smoking initiation. Furthermore, smokers who also used cannabis 

were substantially less likely to quit smoking (OR=0.36; 95% CI 0.20 to 0.65) compared 

with smokers who did not use cannabis. In another study of participants age 12+ years, 

cigarette dependence was highest among daily users of cannabis than among non-daily or 

never users.36 Our results extend these previous studies in a young adult population in a 

longitudinal analytical framework demonstrating the role of nicotine dependence and an 

increasing trajectory of cigarette use mediating cannabis associations. The study strengthens 

the evidence that cannabis use increases smoking across adolescence into adult life.

The association of exclusive e-cigarette use with subsequent smoking frequency is consistent 

with previous studies.7 Unlike exclusive cannabis and dual use, we did not find statistically 

significant mediation effects by nicotine dependence or cigarette smoking, although the 

mediational effect estimates of exclusive e-cigarette use were consistently larger than those 

of exclusive cannabis use. The sample of exclusive e-cigarette users at baseline (2.5%) 

was much smaller than the 26.1% prevalence of cannabis users. Thus, statistical power 

to identify statistically significant mediational effects was limited. We identified no other 

previous studies that differentiated between mediational effects associated with exclusive 

e-cigarette use and dual use of e-cigarettes and cannabis.7

Among caveats to the study, the absolute number of cigarette smoking days and level of 

nicotine dependence was low in this sample of adolescents and youth. The HONC Scale 

identifies the mild symptoms of nicotine dependence more commonly in youth than the 

established nicotine dependence observed among adult heavy smokers. Further follow-up 

will assess whether dual use of e-cigarettes and cannabis will result in progression to 
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heavy regular smoking and the role of dependence. Also, we couldn’t explore whether 

the observed association varied by mode of cannabis intake as 92.8% of our participants 

used combustible cannabis (see online supplemental table S5). However, our study supports 

the hypothesis, suggested by preclinical neuropharmacological studies, that THC augments 

nicotine dependence such that dual use of cannabis and e-cigarettes results in greater 

cigarette smoking.

The pattern of cannabis and e-cigarette use in the study population markedly differed from 

what is observed in a nationally representative population of US youth (9th–12th graders) 

of the YRBS.4 The prevalence of exclusive use of e-cigarette was lower (2.5% vs 14%) 

and cannabis was higher (22% vs 4%) than the nationally representative rates. However, the 

study population differed from the YRBS in multiple aspects: unlike the YRBS population, 

the study population was exclusively from southern California, it included only 12th 

grade students at baseline and had a lower proportion of non-Hispanic whites (17% vs 

52%), factors that can affect both e-cigarette and cannabis use. Our findings may not be 

generalisable to dissimilar populations across the USA.

One concern is whether restricting the study sample to participants with reported use of any 

nicotine product over the course of the study could have introduced selection bias. Study 

participants who never used any nicotine product (n=1439) were less likely to be Hispanic 

and more likely to be Asian and have parents with a college degree compared with those 

included in the study analysis (from online supplemental table S1). However, all analytical 

models were adjusted for age, sex, race/ethnicity and socioeconomic status. Furthermore, 

in a sensitivity analysis, when we included all participants who provided valid data at 

study baseline and at least one of the follow-ups (n=2603), the overall pattern of effect 

estimates were similar to those in the analytical sample (see online supplemental figure S3). 

Therefore, selection bias seems unlikely to explain the observed associations.

Given the known relationship between cigarette smoking and nicotine dependence, which 

can lead to greater use of cigarettes,37 38 one explanation for the observed associations could 

be cigarette use and nicotine dependence at T1. We adjusted for current cigarette smoking 

and nicotine dependence at T1 in the primary analyses to control for this possibility. 

Furthermore, as a sensitivity analysis we restricted the mediational analysis to those who 

had not smoked in the past 30 days at T1 (see online supplemental figure S2). The pattern 

of associations of cannabis and e-cigarettes with subsequent smoking and of mediation 

pathways in this restricted population was similar to the results in the primary analysis. 

Therefore, we conclude that observed associations are not an artefact of cigarette use and 

nicotine dependence at T1.

Another concern could be measurement error in exposure and outcome variables due 

to self-reported use of e-cigarette, cannabis and cigarettes, and to self-reported nicotine 

dependence. However, assessment of exposure to nicotine and cannabis products used 

standardised survey questionnaires (or adaptations)22 23 that have been shown to have good 

reliability39 and to have adequate psychometric properties.23 Like many previous studies 

assessing e-cigarette nicotine dependence among adolescents, we used a modified version 
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of HONC.12 24 Therefore, it is unlikely that the robust pattern of observed associations is 

explained by measurement error.

CONCLUSION

This longitudinal study provides evidence that dual use of e-cigarettes and cannabis, which 

is common in adolescents in our sample, is associated with more frequent cigarette smoking 

during young adulthood and that this prospective relationship is partially mediated by 

increased nicotine dependence. This suggests a likely causal pathway linking e-cigarette, 

cannabis and dual use, to increasing cigarette use. The results fulfil several criteria for 

causation in observational studies: temporality, biological plausibility and large effect sizes. 

Cannabis use was highly prevalent among adolescents in this study, while dual use was 

common. Therefore, this study provides a rationale for regulatory and other interventions to 

prevent both e-cigarette and cannabis use in adolescents in order to curb cigarette smoking 

in young adults. In California and other states in which cannabis use has been legalised, 

the implications for increased cannabis use in adolescents leading to heavier cigarette use in 

young adults warrants further investigation and regulatory scrutiny.40
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WHAT IS ALREADY KNOWN ON THIS TOPIC

• Independently, e-cigarette and cannabis use is associated with smoking 

initiation and nicotine dependence. However, little is known about the effect 

of dual use of e-cigarette and cannabis on cigarette smoking behaviour 

among adolescents, among whom the dual use of e-cigarette and cannabis 

is common.

WHAT THIS STUDY ADDS

• This prospective study shows that dual use of e-cigarette and cannabis among 

high school children is associated with increased smoking over a 42-month 

period, compared with non-users; and this effect was partially mediated 

through nicotine dependence. The study provides a potential causal pathway 

between dual use of e-cigarette and cannabis during adolescence leading to 

higher frequency of smoking and heavier smoking during young adulthood.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

• As cannabis is being legalised in many states in the USA, research is needed 

to understand the relationship to cigarette use. Interventions targeting both e-

cigarette and cannabis use among adolescents may be needed to curb cigarette 

uptake and use as young adults.
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Figure 1. 
Number of days of past 30-day smoking (A) and nicotine dependence score (B), by e-

cigarette and cannabis use status at baseline. Analytic sample N=1164. Post-hoc pairwise 

comparisons were tested using ANOVA least significant difference (p<0.05). Groups 

not sharing numerals are significantly different (p<0.05) in ANOVA Least Significant 

Difference.
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Figure 2. 
Total main effect model. Analytic sample N=1164. Negative binomial regression model in 

path analysis adjusting for all sociodemographic factors (eg, age, gender, race/ethnicity, and 

socioeconomic status) and baseline past 30-day cigarette use or other tobacco products, and 

nicotine dependence. Reference group of joint cannabis and e-cigarette use status at T1 was 

‘No use’. Rate ratios (RRs) are shown (95% confidence intervals [95%CIs] are presented in 

online supplemental table S1). **p<0.001; *p<0.05 (two-tailed).
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Figure 3. 
Mediational path analysis model. Analytic sample N=1164. Negative binomial regression 

model in path analysis adjusting for all sociodemographic factors (eg, age, gender, race/

ethnicity, and socio-economic status) and baseline past 30-day cigarette use or other tobacco 

products and nicotine dependence) presented in table 1. Reference group of joint cannabis 

and e-cigarette use status at T1 was ‘No use’. Estimates on pathways linking T1 to T2 

were unstandardised regression coefficients. Estimates on pathways (bold text) linking 

T1/T2 to T3 were rate ratios (RRs; 95%CIs are presented in online supplemental table 

S2). **p<0.001; *p<0.05 (two-tailed).
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Table 1

Descriptive statistics*

Variables Mean (SD)/N (%)

Female gender (vs male), N (%) 655 (56.3)

Age, mean (SD), year 17.49 (0.41)

Race/ethnicity, N (%)

 Hispanic 609 (53.6)

 Asian 127 (11.2)

 African American 46 (4.0)

 Non-Hispanic white 191 (16.8)

 Other† 163 (14.3)

Parents graduated from college, N (%) 446 (38.3)

Free/reduced school lunch, N (%) 517 (54.0)

In 4-year college enrolment, N (%)‡ 585 (57.4)

Live with parents), N (%)‡ 743 (73.3)

Financial situation-self, N (%)‡

 Live comfortable 429 (42.5)

 Meet needs with a little left 266 (26.4)

 Meet basic expenses 245 (24.3)

 Do not meet basic expenses 69 (6.8)

Financial situation-family, N (%)‡

 Live comfortable 208 (20.6)

 Meet needs with a little left 504 (49.8)

 Meet basic expenses 172 (17.0)

 Do not meet basic expenses 128 (12.6)

Cigarette use (past 30 days), N (%) 101 (8.7)

Number of days of cigarette smoking (past 30 days), mean (SD) 0.73 (3.7)

Other tobacco product use (past 30 days), N (%)§ 68 (5.8)

Nicotine dependence, mean (SD) 0.15 (0.42)

Dual use status (past 30 days), N (%)

 No use 745 (64.0)

 Exclusive cannabis use 304 (26.1)

 Exclusive e-cigarette use 29 (2.5)

 Dual use 86 (7.4)

*
Analytical sample n=1164.

†
Other race/ethnicity includes respondents who selected ‘American Indian/Alaska Native’, ‘Native Hawaiian/Pacific Islander’, ‘multi-ethnic/multi-

racial’ or ‘other’ options for the forced-choice race/ethnicity question.

‡
Collected from the participants at T2 after high school graduation. All other variables collected at baseline (T1).
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§
Other tobacco products include cigars/cigarillos and hookah.
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