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Abstract

Background: While evidence suggests bidirectional associations between cigarette use and 

substance (alcohol or drug) use, how these associations are reflected across the range of currently 

available tobacco products is unknown. This study examined whether ever tobacco use predicted 

subsequent substance use, and ever substance use predicted subsequent tobacco use among 11,996 

U.S. youth (12–17 years) from Waves 1 (2013–2014) and 2 (2014–2015) of the Population 

Assessment of Tobacco and Health (PATH) Study.

Methods: Ever use of cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipe, 

hookah, snus pouches, smokeless tobacco excluding snus pouches, dissolvable tobacco, bidis, 

kreteks, alcohol, marijuana, prescription drugs, and other drugs (cocaine and other stimulants, 

heroin, inhalants, solvents, and hallucinogens) was assessed at Wave 1 followed by past 12-month 

use assessments at Wave 2. The analyses included covariates (demographics, mental health, 

sensation seeking, prior use) to mitigate confounding.

Results: Ever tobacco use predicted subsequent substance use. The magnitude of the associations 

was lowest for alcohol, higher for marijuana, and highest for other drugs. Ever substance use also 

predicted subsequent tobacco use. Specifically, ever alcohol, marijuana, and non-prescribed 

Ritalin/Adderall use predicted tobacco-product use. Ever e-cigarette and cigarette use exclusively 

and concurrently predicted subsequent any drug (including and excluding alcohol) use. E-cigarette 

and cigarette use associations in the opposite direction were also significant; the strongest 

associations were observed for exclusive cigarette use.

Conclusion: Tobacco and substance use prevention efforts may benefit from comprehensive 

screening and interventions across tobacco products, alcohol, and drugs, and targeting risk factors 

shared across substances.
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1. Introduction

Cigarette smoking is the leading preventable cause of morbidity and mortality in the United 

States (U.S.) (U.S. Department of Health and Human Services, 2014). Despite overall 

declines in conventional cigarette use in the past several decades, non-cigarette tobacco-

product use among U.S. youth has been increasing (Arrazola et al., 2015; Johnston et al., 

2017). Wave 1 (2013–2014) estimates from the Population Assessment of Tobacco and 

Health (PATH) Study show that, overall, 22% of youths had ever used tobacco (Kasza et al., 

2017). The prevalence of ever use of cigarettes and e-cigarettes was 13% and 11%, 

respectively, followed by cigars (cigarillos were most prevalent at 6.5%) and hookah at 7.5% 

each. Similarly, although several national studies have shown declining trends in youth 

substance (alcohol or drugs) use (Johnston et al., 2017), lifetime prevalence of use of some 

substances remain as high or higher than tobacco-product use, including alcohol (28%), 
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illicit drugs (25%), and marijuana (16%) (Center for Behavioral Health Statistics and 

Quality, 2016). Further, substance misuse and substance use disorders remain major public 

health problems that often begin in adolescence and have serious social, psychological, 

physical, and economic consequences (U.S. Department of Health and Human Services 

(HHS) and Office of the Surgeon General, 2016).

Tobacco use and substance use frequently co-occur (Richter et al., 2017), with the use of one 

often associated with the use of the other. Limited longitudinal evidence among youth 

suggests that tobacco use predicts marijuana use; and marijuana use increases the risk of 

tobacco use (Ramo et al., 2012). Only a few studies among high school students have 

examined associations of emerging non-cigarette tobacco product (e.g., e-cigarettes, cigars, 

and hookah) use with substance use (McCabe et al., 2017; Palamar et al., 2014; Schuster et 

al., 2013). These cross-sectional studies found that the use of alcohol, marijuana, and other 

drugs was associated with greater past 30-day (McCabe et al., 2017; Schuster et al., 2013) or 

past-year (Palamar et al., 2014) use of these tobacco products.

No study, to our knowledge, has included a comprehensive assessment of tobacco products 

and substances or tested bidirectional associations in a national study of U.S. youth. 

Therefore, using data from the PATH Study, an ongoing longitudinal study of U.S. adults 

and youth, the present study examined if (1) ever tobacco use predicted subsequent 

substance use, and (2) ever substance use predicted subsequent tobacco use across 12 

tobacco products and alcohol, marijuana, prescription drugs, and other drugs (cocaine and 

other stimulants, heroin, inhalants, solvents, and hallucinogens).

2. Methods

2.1. Study Design and Participants

This paper reports data from youth (12–17 years) recruited at Wave 1 (2013–2014) and 

followed approximately 10- to 13-months later at Wave 2 (2014–2015) (average period of 

follow-up: 52 weeks). The time between the interviews varied as a function of respondents’ 

schedules, the time needed to contact respondents, and the grouping of multiple respondents 

within a household. Of the 13,651-youth recruited at Wave 1, analyses were restricted to 

11,996 respondents (10,081 respondents ages 12–17-years and 1,915 respondents who 

turned 18 years at Wave 2) with data on both waves.

Recruitment employed a stratified address-based, area-probability sampling design at Wave 

1. An in-person household screener was used at Wave 1 to select youth and adults from 

households for participation. The weighted response rate for the household screener was 

54.0%. Among screened households, the weighted response rate for the Wave 1 youth 

interview was 78.4%. Conditional on Wave 1 participation, weighted response rates at Wave 

2 among those between 12 and 17 years and those who turned 18 years were 88.4% and 

85.7%, respectively. The Wave 1 weighting procedures adjusted for differential probabilities 

of selection, nonresponse, and then calibrated to achieve consistency with reliable 

independent population estimates for the U.S. civilian, noninstitutionalized population. At 

Wave 2, after adjusting for nonresponse, additional adjustments were made to protect against 

potential bias from attrition.
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Nonresponse bias analyses for Waves 1 and 2 (available at http://doi.org/10.3886/

ICPSR36231) evaluated the extent to which Wave 1 estimates might depart from population 

parameters and the representativeness of the Wave 2 responding sample. Many 

characteristics of Wave 1 youth respondents were consistent with the 1-year estimates from 

the 2013 American Community Survey (ACS), with the exception of ethnicity. When the 

full sample estimates were adjusted for nonresponse among youth, they more closely 

approximated the 2013 ACS estimates. However, ever cigarette use estimates for youth from 

the PATH Study remained lower than those found by national school-based studies (Kasza et 

al., 2017). Analyses comparing Wave 2 respondents to non-respondents found no differences 

based on Wave 1 ever substance use (Dai et al., 2018). The Wave 2 nonresponse bias 

analysis showed that Wave 1 ever tobacco users were less likely to respond to the Wave 2 

youth interview than never users (86.6% vs. 89%). Wave 1 ever tobacco use estimates were 

lower for Wave 2 youth respondents compared to non-respondents prior to incorporating 

weight adjustments. However, the PATH Study weights corrected for potential nonresponse 

bias in tobacco-use outcomes analyzed.

After obtaining consent from parents and emancipated youth and assent from youth, data 

were collected using Audio-Computer Assisted Self-Interviews administered in English or 

Spanish. Further information on the PATH Study design and methods has been published 

elsewhere (Hyland et al., 2017). Details on interview procedures, questionnaires, sampling, 

and weighting, and information on accessing the data are available at https://doi.org/

10.3886/Series606. The PATH Study was conducted by Westat and approved by the Westat 

Institutional Review Board.

2.2. Measures

2.2.1. Tobacco Use.—Participants self-reported ever use (including one or two puffs/

times) of the following tobacco products at Wave 1: cigarettes, e-cigarettes, traditional 

cigars, cigarillos, filtered cigars, pipe, hookah, smokeless tobacco (i.e., loose snus, moist 

snuff, dip, spit, or chewing tobacco), snus pouches, kreteks, bidis, and dissolvable tobacco. 

The questionnaire included brief descriptions and pictures of each product (except 

cigarettes). Additional questions were asked of cigar users to determine cigar type.

At Wave 2, participants were asked about past 12-month use of the same tobacco products. 

Those who reported using a tobacco product in the past 12 months were defined as past 12-

month users of that respective product. As past 12-month bidi and kretek use was not 

assessed in the adult interview, these data were not available for youth who turned 18 years 

at Wave 2. Therefore, past 12-month use variables were created for all tobacco products 

except bidis and kreteks.

Additional summary variables for both waves were created as follows: ‘any tobacco use’ 

defined as use of any tobacco product (except bidis and kreteks in the substance use 

predicting tobacco use analyses), ‘any cigar use’ defined as use of traditional cigars, 

cigarillos, or filtered cigars, and ‘any smokeless tobacco’ defined as use of snus pouches, 

smokeless tobacco excluding snus pouches, or dissolvable tobacco.
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2.2.2. Substance Use.—Participants self-reported ever use of the following substances 

at Wave 1: alcohol, marijuana (including blunts), non-prescribed use of Ritalin® or 

Adderall®, painkillers, sedatives, or tranquilizers, and cocaine or crack, other stimulants 

methamphetamine or speed), heroin, inhalants, solvents, and hallucinogens, with items 

adapted from the National Epidemiologic Survey on Alcohol and Related Conditions 

(National Institutes of Health (NIH), 2004–2005) and the National Health and Nutrition 

Examination Survey (Centers for Disease Control and Prevention (CDC), 2011–2012). Past 

12-month use of the same substances was assessed at Wave 2.

In both waves, ‘other drug use’ was defined as the use of cocaine or crack, other stimulants 

methamphetamine or speed), heroin, inhalants, solvents, or hallucinogens. In addition, 

‘alcohol or any drug use’ and ‘any drug excluding alcohol’ were defined as the use of any of 

these substances.

2.2.3. Covariates.—Information was collected on demographics including age, gender, 

and race/ethnicity. Missing data on age and gender were imputed as described in the PATH 

Study Restricted Use Files User Guide (United States Department of Health and Human 

Services et al.). Sensation seeking, a risk factor for substance use (Hoyle et al., 2002), was 

assessed via three modified items from the Brief Sensation Seeking Scale: 1) “I like to do 

frightening things”, 2) “I like new and exciting experiences even if I have to break the rules”, 

and 3) “I prefer friends who are exciting and unpredictable”. Response options for each item 

(strongly agree, agree, neither agree nor disagree, disagree and strongly disagree) were 

summed to create overall (range: 0–12) and mean scores (Conway et al., 2018). The scale 

was found to be internally consistent among youth in the PATH Study (Cronbach’s α=0.76).

Past-year mental health problems were assessed at Wave 1 via internalizing and 

externalizing problem subscales of the Global Appraisal of Individual Needs - Short 

Screener (GAIN-SS) (Dennis et al., 2006), modified for the PATH Study. These subscales 

identify individuals at risk for mental health disorders using a continuous measure of 

severity, and have been previously validated (Garner et al., 2013) and recommended for use 

in epidemiological samples by the PhenX Toolkit (Hamilton et al., 2011). The number of 

responses endorsed in the past year was summed for both subscales (complete data for 

subscale components were required). Based on the number of symptoms endorsed, mental 

health problems were categorized into no/low (0–2 symptoms), moderate (3–7 symptoms), 

or high (8–11 symptoms) severity (Conway et al., 2018).

2.3. Statistical Analysis

We examined distributions of past 12-month substance use at Wave 2 by ever tobacco use at 

Wave 1 and past 12-month tobacco use at Wave 2 by ever substance use at Wave 1. For the 

summary variables, complete data were required to categorize participants as non-users but 

not required to categorize participants as users.

Multivariable logistic regression models were used to evaluate the associations between 

tobacco use and substance use. We adjusted estimates for demographic and personality 

factors associated with multiple problem behaviors (Stone et al., 2012). These included 

possible confounders such as age, gender, race/ethnicity, sensation seeking, past-year mental 
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health problems, and Wave 1 ever tobacco or substance use in the models predicting Wave 2 

tobacco use and substance use, respectively (Supplementary tables 1 and 2)1. Use of other 

tobacco products and substances were included as covariates to control for confounding by 

dual or poly-use.

As approximately 40% of U.S. youth tobacco users use two or more tobacco products, with 

cigarettes plus e-cigarettes being the most common combination (Kasza et al., 2017), we 

examined bidirectional associations between a four-category variable for e-cigarette and 

cigarette use (none, exclusive e-cigarette use, exclusive cigarette use, and e-cigarette and 

cigarette use) and substance use. These models excluded other tobacco products users at 

Waves 1 and 2, respectively. Additionally, as Wave 1 analyses showed significant gender-by-

tobacco interactions with substance use (Conway et al., 2018), gender was examined as a 

potential moderator of the bidirectional tobacco use and substance use associations.

Estimates were weighted to represent the U.S. youth population; variances and confidence 

intervals (CIs) were estimated using the balanced repeated replication (BRR) method 

(McCarthy, 1969) with Fay’s adjustment set to 0.3 to increase estimate stability (Judkins, 

1990). Adjusted odds ratios (AORs) and 95% CIs were calculated for all regression 

analyses. Two-sided p-values of <.05 were considered statistically significant. Estimates 

based on fewer than 50 observations in the denominator or the relative standard error greater 

than 0.30 were suppressed (Klein et al., 2002). All analyses were conducted using SAS 

Survey Procedures, version 9.4 (SAS Institute Inc., Cary, NC).

3. Results

Demographic characteristics of the study population have been previously published 

(Conway et al., 2018; Kasza et al., 2017). At Wave 2, an estimated four in ten (41.4%) U.S. 

youth used alcohol or any drugs in the past 12 months, with alcohol (33.2%) and marijuana 

(16.6%) being the most prevalent (Table 1, total row). Non-prescribed painkillers or 

sedatives were used in the past 12 months by 6.9% of youth. The past 12-month substance 

use estimates at Wave 2 were higher among Wave 1 never compared to ever substance users, 

except for marijuana. About one-quarter of youth used tobacco products during the past 12-

months (Table 2, total row). Ecigarettes (14.4%), cigarettes (12.9%), hookah (9.8%), and any 

cigars (9.3%) were the most commonly used tobacco products in the past 12 months. 

Whereas estimates of past 12-month use of cigarettes, cigarillos, and smokeless tobacco 

excluding snus pouches at Wave 2 were higher among Wave 1 ever compared to never 

tobacco users, Wave 2 estimates of use of e-cigarettes, traditional cigars, filtered cigars, 

pipes, hookah, and snus pouches were higher among Wave 1 never compared to ever tobacco 

users.

3.1. Tobacco Use Predicting Substance Use

Figure 1 shows the unadjusted prevalence of past 12-month substance use at Wave 2 by ever 

any tobacco use at Wave 1. Any tobacco users at Wave 1 had a two-fold higher prevalence of 

Wave 2 alcohol use, and five- to six-fold higher prevalence of Wave 2 use of marijuana, 

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi: ...
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nonprescribed Ritalin/Adderall, and other drugs compared to never tobacco users. Similarly, 

any tobacco product use at Wave 1 predicted any drug use at Wave 2 whether alcohol was 

included (AOR=2.0; 95% CI: 1.7, 2.3) or excluded (AOR=2.6; 95% CI: 2.3, 3.0) after 

adjusting for demographics, sensation seeking, past-year mental health problems, and ever 

substance use at Wave 1 (see also Supplementary Table 1)2.

Table 1 presents the adjusted associations between ever tobacco-product use at Wave 1 and 

past 12-month substance use at Wave 2. Except for pipes, snus pouches, and smokeless 

tobacco excluding snus pouches, tobacco-product use was associated with a two-fold higher 

odds of subsequent marijuana use. Across tobacco products, statistically significant 

associations were consistently observed for other drug use; the only non-significant 

association was observed for smokeless tobacco excluding snus pouches. The magnitude of 

the associations with other drugs ranged from 1.6 (for any smokeless tobacco) to 3.7 (for 

filtered cigars).

Notably, e-cigarette use was associated with subsequent substance use across all substances 

assessed, except for non-prescribed painkillers/sedatives. The strongest associations were 

observed for non-prescribed Ritalin/Adderall (OR=3.2; 95% CI: 2.3, 4.4) and other drugs 

(OR=2.5; 95% CI: 1.7, 3.5). Only use of e-cigarettes (AOR=1.3; 95% CI: 1.1, 1.5), any 

cigars (AOR=1.2; 95% CI: 1.0, 1.5), and hookah (AOR=1.4; 95% CI: 1.2, 1.7) were 

associated with higher odds of subsequent alcohol use. Snus pouches (AOR=1.8; 95% CI: 

1.1, 2.9) and smokeless tobacco excluding snus pouches (AOR=1.8; 95% CI: 1.3, 2.5) were 

significantly associated with subsequent non-prescribed painkiller/sedative use, whereas no 

significant associations were observed for other tobacco products.

Compared to never e-cigarette and never cigarette use at Wave 1 (Supplementary Table 3)3, 

ever exclusive e-cigarette use (AOR=2.1; 95% CI: 1.5, 3.0), exclusive cigarette use 

(AOR=1.5; 95% CI: 1.1, 2.0), and e-cigarette and cigarette use (AOR=2.1; 95% CI: 1.4, 3.3) 

were each associated with higher odds of subsequent past 12-month alcohol or any drug use. 

Associations for any drug (excluding alcohol) and marijuana use increased in magnitude for-

ever exclusive ecigarette use, exclusive cigarette use, and e-cigarette and cigarette use 

compared to never ecigarette and never cigarette use. Ever exclusive e-cigarette use and 

exclusive cigarette use were significantly associated with subsequent alcohol use. Whereas 

ever exclusive e-cigarette use and e-cigarette and cigarette use were significantly associated 

with subsequent use of non-prescribed Ritalin/Adderall, estimates for exclusive cigarette use 

were unreliable.

Gender moderated the association between ever e-cigarette use and subsequent past 12month 

alcohol or any drug use; a slightly stronger association was observed for male (AOR=1.9; 

95% CI: 1.5, 2.4) compared to female users (AOR=1.4; 95% CI: 1.0, 1.9). Significant 

gender interactions were also observed for the association between ever any smokeless 

tobacco use and subsequent alcohol or any drug use, as well as ever use of any tobacco, 

cigarettes, e-cigarettes, ecigarette and cigarette use, any cigars, traditional cigars, cigarillos, 

2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi: ...
3Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi: ...
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and hookah with subsequent non-prescribed painkiller/sedative use. Although the patterns 

were generally consistent showing either stronger associations for male compared to female 

users or significant associations for male users but not for female users, these associations 

were not significant in gender-stratified analyses.

3.2. Substance Use Predicting Tobacco Use

Figure 2 shows the unadjusted prevalence of past 12-month tobacco-product use at Wave 2 

by ever substance use at Wave 1. Ever alcohol or any drug users had a four to ten-fold higher 

prevalence of Wave 2 tobacco use across all products compared to never alcohol or any drug 

users. Ever alcohol or any drug use predicted tobacco use after adjusting for demographics, 

sensation seeking, past-year mental health problems, and ever tobacco use at Wave 1 

(AOR=2.5; 95% CI: 2.2, 2.9) (see also Supplementary Table 2)4. Associations were 

consistent and robust across the tobacco products assessed.

Table 2 presents the adjusted associations between ever substance use at Wave 1 and past 12-

month tobacco-product use at Wave 2. Ever marijuana use was associated with a 2 to 2.5-

fold higher odds of use for all tobacco products except snus pouches and smokeless tobacco 

excluding snus pouches. Ever use of alcohol and non-prescribed Ritalin/Adderall also 

consistently predicted higher odds of subsequent tobacco use. Some of these associations 

were non-significant, especially for tobacco products with low prevalence (filtered cigars 

and pipes).

Associations for use of non-prescribed painkillers/sedatives and other drugs were not 

consistent across tobacco products. Ever non- prescribed painkiller/sedative use was 

associated only with use of e-cigarettes (AOR=1.5; 95% CI: 1.2, 1.9), filtered cigars 

(AOR=1.7; 95% CI: 1.2, 2.2), and pipes (AOR=1.7; 95% CI: 1.1, 2.7). Ever other drug use 

predicted use of cigarettes (AOR=2.6; 95% CI: 1.7, 4.1), e-cigarettes (AOR=1.6; 95% CI: 

1.2, 2.2), any cigars (AOR=2.1; 95% CI: 1.4, 3.2), and pipes (AOR=2.9; 95% CI: 1.6, 5.1).

In multinomial regression analyses, Wave 1 ever (versus never) use of alcohol or any drug, 

any drug (excluding alcohol), and marijuana were each significantly associated with 

subsequent past 12-month exclusive e-cigarette use, exclusive cigarette use, and e-cigarette 

and cigarette use compared to no past 12-month use of e-cigarettes and cigarettes; the 

strongest associations were observed for exclusive cigarette use (Supplementary Table 4)5. 

Whereas ever non-prescribed Ritalin/Adderall use was associated with subsequent exclusive 

cigarette use and e-cigarette and cigarette use, estimates for exclusive e-cigarette use were 

unreliable. Ever non-prescribed painkiller/sedative use was associated only with subsequent 

e-cigarette use.

Gender moderated the associations between ever any drug (excluding alcohol) use and 

marijuana use and subsequent e-cigarette use. In both instances, associations were slightly 

stronger among male (AOR=2.1; 95% CI: 1.7, 2.6 for-ever any drug (excluding alcohol) and 

AOR=2.3; 95% CI: 1.9, 3.0 for marijuana use) compared to female users (AOR=1.6; 95% 

4Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi: ...
5Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi: ...
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CI: 1.2, 2.1 forever any drug (excluding alcohol) and AOR=1.6; 95% CI: 1.2, 2.1 for 

marijuana use). Although significant gender interactions were observed for associations 

between non-prescribed painkillers/sedatives and pipe use, models for female youths did not 

converge.

4. Discussion

Findings reveal bidirectional associations between tobacco use and substance use among 

U.S. youth, indicating that ever tobacco use predicted subsequent alcohol or any drug use, 

and ever alcohol or any drug use predicted subsequent tobacco use. Associations were robust 

to numerous potential confounders including demographic characteristics, sensation seeking, 

past-year mental health problems, as well as the prior and concurrent use of other tobacco 

products and substances.

Across tobacco products, associations were consistent with marijuana (except pipes, 

smokeless tobacco, and snus pouches) and other drugs (except smokeless tobacco), thus 

supporting the notion that tobacco use generally predicts any drug (marijuana, prescription 

drugs, and other drugs) use in U.S. youth. Findings confirm longitudinal associations 

between ever cigarette use and subsequent marijuana use among youth (Ramo et al., 2012), 

and extend them to use of nonprescribed Ritalin/Adderall and other drugs. Ever e-cigarette 

use, particularly exclusive use, and ever hookah use predicted subsequent alcohol use, 

possibly as a function of social use or greater access and availability of these products 

among youth. E-cigarettes were the only tobacco product consistently associated with the 

use of all substances except non-prescribed painkillers/sedatives. These associations were 

significant not only for-ever e-cigarette and cigarette use, but also forever exclusive e-

cigarette use such that ever e-cigarette and cigarette use predicted any drug use (excluding 

alcohol) in a gradient with associations increasing in magnitude from exclusive ecigarette 

use to exclusive cigarette use and e-cigarette and cigarette use. The strongest associations 

with ever e-cigarette and cigarette use were observed for marijuana and non-prescribed 

Ritalin/Adderall, which may point to the use of these tobacco products and substances 

within social or recreational settings (Leon and Martinez, 2017). Whereas previous studies 

have reported longitudinal associations between ever and past 30-day e-cigarette use and 

cigarette smoking initiation and past 30-day cigarette smoking, respectively (Soneji et al., 

2017), our findings extend these associations to substance use, highlighting the need to 

additionally monitor alcohol and any drug use among youth e-cigarette users, particularly 

among users of both cigarettes and ecigarettes. Lastly, while ever use of other tobacco 

products (i.e., cigarettes, e-cigarettes, cigars, pipes, and hookah) was not associated with 

subsequent painkiller/sedative use, ever use of smokeless tobacco and snus pouches strongly 

predicted subsequent non-prescribed painkiller/sedative use. The specificity of these 

associations may point to differences in use patterns for these tobacco products and non-

prescribed painkillers/sedatives, potentially driven by factors associated with living in rural 

areas where both smokeless tobacco use and opioid misuse are prevalent (Keyes et al., 2013; 

National Center for Chronic Disease Prevention and Health Promotion and Office on 

Smoking and Health, 2012).
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Associations in the opposite direction were also significant. Ever alcohol and nonprescribed 

Ritalin/Adderall use consistently predicted subsequent tobacco use across all products 

assessed. Likewise, ever marijuana use predicted subsequent tobacco use across all products 

except smokeless tobacco. That ever alcohol and marijuana use predict subsequent use of 

hookah and cigars not only advances prior cross-sectional studies of youth (Palamar et al., 

2014; Schuster et al., 2013) but also extends findings to other tobacco products (e.g., e-

cigarettes). Across all substances assessed, ever alcohol and any drug use predicted 

subsequent e-cigarette use. Similar associations were observed in the combined e-cigarette 

and cigarette analyses; however, the strongest associations were observed for the exclusive 

cigarette users. The bidirectional associations between e-cigarette and cigarette use and any 

drug use (including and excluding alcohol) not only extend cross-sectional findings among 

U.S. high school seniors (McCabe et al., 2017), but may also suggest common factors 

underlying the use of e-cigarettes, cigarettes, and any drugs.

Prior cross-sectional analyses of youth from Wave 1 of the PATH Study (Conway et al., 

2018) showed stronger associations with substance use among female compared to male 

users for cigarettes, any cigar, cigarillos, hookah, and smokeless tobacco (including snus 

pouches). However, no gender interactions were observed for these products in the current 

longitudinal analyses. Interestingly, associations with alcohol or any drug use were stronger 

for male e-cigarette users than female users. In the reverse direction, associations with e-

cigarette use were stronger for male any drug (excluding alcohol) and marijuana users 

compared to female users of these products. Although the gender interactions for the 

bidirectional associations between e-cigarette use and any drug use differed by the inclusion 

and exclusion of alcohol, the associations in both directions were stronger for male 

compared to female users. The differing findings for gender by tobacco product suggest that 

male and female youth may benefit from targeted interventions based on the types of 

products they use.

Overall, the strengths of the bidirectional associations were similar across tobacco products 

and substances. Although many of the associations between ever tobacco use and subsequent 

alcohol use were not significant compared to the associations in the opposite direction (i.e., 

ever alcohol use and subsequent tobacco use), formally testing the magnitude and 

significance of these bidirectional associations with additional waves of PATH Study data 

represents an area of future research. Nevertheless, the findings of bidirectional associations 

among tobacco use and substance use among youth can be interpreted in several ways. First, 

the use of one drug (e.g., nicotine) may increase the probability of using another drug (e.g., 

marijuana) via biological mechanisms such as priming (Kandel and Kandel, 2015; Kandel et 

al., 1992). Indeed, preclinical studies have shown biological interactions between nicotine 

and alcohol as well as drugs (marijuana, opioids, and cocaine and other stimulants) whereby 

the use of one specific substance influences the use of another (Cross et al., 2017; Kohut, 

2017; Spear, 2016). Second, initiation and progression of tobacco and substance use may 

reflect common underlying factors such as genetic predispositions (Hines et al., 2015; 

Vanyukov et al., 2012), environmental factors that increase risk of use (Hines et al., 2015; 

Vanyukov et al., 2012), or problem behaviors (Jessor, 1991). The order of use, from this 

perspective, may reflect unmeasured risk factors (e.g., vulnerability traits [other than 

sensation seeking], opportunities to use, peer use) that are shared across the use of tobacco, 
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alcohol, and drugs. The plausibility of common factors underlying these bidirectional 

associations is supported by twin studies. Whereas some studies (Vrieze et al., 2012; 

Waaktaar et al., 2018) show that the comorbidity in youth tobacco use and substance use is 

largely due to a common genetic liability, other studies (Han et al., 1999; Koopmans et al., 

1997) attribute the observed comorbidity to shared environmental factors. Therefore, 

consistent with an integrated risk-prevention perspective (Hale et al., 2014) our findings 

point to two promising directions for prevention and intervention efforts: (1) comprehensive 

screening of alcohol, tobacco, and any drug use among youth, and (2) addressing modifiable 

risk factors common to multiple forms of substance use.

This study has both strengths and limitations. It is the first to longitudinally describe tobacco 

use and substance use among U.S. youth across a range of tobacco products including 

emerging non-cigarette tobacco products. The analyses also included several important 

covariates (e.g., demographics, mental health, sensation seeking) that help mitigate 

confounding. Ever use of any tobacco and alcohol or any drugs emerged as the strongest 

predictors of subsequent tobacco use and substance use, respectively. Sensation seeking was 

consistently associated with use across all substances but not all tobacco products. 

Demographic characteristics and mental health problems predicted both tobacco use and 

substance use; however, associations varied by tobacco products and substances. 

Nonetheless, these findings reinforce the need for controlling for these covariates in analyses 

examining tobacco and substance use behaviors. The use of past 12-month assessments for 

Wave 2 tobacco use and substance use maximized the capture of behaviors that are 

intermittent in this age group. It remains a possibility that the associations could differ 

among more frequent or regular users; however, adjusting for Wave 1 past 30-day use or the 

number of days of use in the past 30 days had no substantial impact on the observed 

associations. Some cigar users may be blunt-only users, thus potentially overestimating the 

associations between cigar use and marijuana use; yet, exclusion of past 12-month blunt-

only users did not substantially affect estimates. Additionally, although longitudinal 

associations were identified between tobacco and substance use, causality cannot be 

established. The role of several common underlying factors associated with youth tobacco 

use and substance use (e.g., family history, peer influence) were not included in this study; 

this is an important area for future research. The PATH Study lacked data on synthetic drugs 

(e.g., spice); therefore, associations for this class of drugs could not be examined. Finally, 

the relatively short period of follow-up may have limited statistical power to detect some 

associations for less frequently used tobacco products and substances, however presenting 

estimates across a wide range of tobacco products addresses an important gap in the 

literature that has predominantly focused on cigarette use. Further, these estimates provide a 

foundation for monitoring changes in tobacco and substance use patterns over time. Future 

assessments of tobacco, alcohol, and drug use across additional data-collection waves in the 

PATH study can inform how onset and progression evolve over longer periods of time.

5. Conclusion

In summary, bidirectional longitudinal associations were observed between the use of 

tobacco products, alcohol, and drugs among U.S. youth. Preventive and intervention efforts 

may benefit from a comprehensive screening of tobacco, alcohol, and drug use among 
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youth. In addition to screening, future research should identify risk factor(s) shared across 

substances that when mitigated most effectively prevent the onset of substance use in youth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Any tobacco use predicted subsequent substance (alcohol or drug) use.

• E-cigarette use predicted substance use except non-prescribed painkillers/

sedatives.

• Substance use consistently predicted tobacco use across products.

• Marijuana use predicted use of all tobacco products except smokeless 

tobacco.

• Targeting risk factors shared across tobacco and substances may be beneficial.
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Figure 1. 
Prevalence of Wave 2 (W2) Past 12-month Substance Use by Wave 1 (W1) Ever Any 

Tobacco Use Among 11,996 Wave 1 Youth (12–17 years) in the PATH Study.

Note: Adjusted odds ratios (AORs) and 95% confidence intervals (CIs) from multivariable 

logistic regression models adjusting for age, gender, race/ethnicity, sensation seeking, past-

year mental health problems at Wave 1, and ever substance use at Wave 1. ᶲIncludes past 12-

month use of cigars as blunts. ᶲRefers to prescription drugs that were not prescribed for the 

participant or taken only for the experience or feeling they caused. ⱡRefers to cigarettes, e-

cigarettes, traditional cigars, cigarillos, filtered cigars, pipe, hookah, snus pouches, 

smokeless tobacco excluding snus pouches, kreteks, bidis, or dissolvable tobacco. Models 

were restricted to observations with non-missing data; unweighted sample sizes ranged from 

10493 (for the any tobacco and alcohol or any drug model) to 10538 (for the any tobacco 

and non-prescribed painkiller/sedative model). Statistically significant associations at p<.05 

indicated in bold text.
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Figure 2. 
Prevalence of Wave 2 (W2) Past 12-month Tobacco Use by Wave 1 (W1) Ever Any 

Substance Use Among 11,996 Wave 1 Youth (12–17 years) in the PATH Study.

Note: Adjusted odds ratios (AORs) and 95% confidence intervals (CIs) from multivariable 

logistic regression models adjusting for age, gender, race/ethnicity, sensation seeking, past-

year mental health problems at Wave 1, and ever tobacco use at Wave 1. ᵠRefers to snus 

pouches, smokeless tobacco excluding snus pouches, or dissolvable tobacco. ⱡRefers to 

cigarettes, e-cigarettes, traditional cigars, cigarillos, filtered cigars, pipe, hookah, snus 

pouches, smokeless tobacco excluding snus pouches, or dissolvable tobacco. Unreliable 

estimates (for dissolvable tobacco) were suppressed based on relative standard error greater 

than 0.30 or denominator sample size less than 50. Models were restricted to observations 

with non-missing data; unweighted sample sizes ranged from 10397 (for the alcohol or any 

drug and any tobacco model) to 10568 (for the alcohol or any drug and cigarette model). 

Statistically significant associations at p<.05 indicated in bold text.
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