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Abstract

Introduction: This study examines the association between current e-cigarette use at baseline 

and regular cigarette smoking at follow-up among U.S. youth.

Methods: A longitudinal analysis of youth (aged 12–17 years) data from Waves 1–3 of the 

Population Assessment of Tobacco and Health Study (2013–2016) was conducted between 

January 2019 and December 2019. Youth who reported past 30–day current e-cigarette use at 

baseline were identified and followed for regular cigarette smoking (≥20 days) at follow-up.

Results: Compared with non-current e-cigarette users at baseline, current e-cigarette users 

(cigarette nonsmokers) had 5.0 (95% CI=1.9, 12.8) times higher odds of becoming regular 

cigarette smokers 1 year later. Additionally, there was a direct linear relationship between the 

number of days of e-cigarette use at baseline and the number of days of cigarette smoking 1 year 

later.

Conclusions: Current e-cigarette use among U.S. youth is associated with higher odds of 

transitioning to regular cigarette smoking, likely reflecting robust transitions rather than 

experimentation. These results suggest that promoting e-cigarettes as the current practice for 

tobacco harm reduction will likely have the unintended consequence of initiating youth cigarette 

smokers.

INTRODUCTION

E-cigarettes have become the most common tobacco/nicotine product among U.S. youth, 

with an increase from 20.8% in 2018 to 27.5% in 2019 in current e-cigarette use among high 
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school students.1,2 Increasingly, e-cigarette use among youth is reported by those who have 

never smoked before. According to the 2013–2016 Population Assessment of Tobacco and 

Health (PATH) Study, 38% of e-cigarette users in Wave 3 were never cigarette smokers 

compared with 24% in Wave 1 (unpublished data). This is happening at a time when e-

cigarettes are promoted as a tobacco harm reduction product that offers hope for adult 

smokers who could not quit otherwise.3,4 Several reports have suggested that e-cigarettes 

can help established smokers quit or reduce their harm by switching to e-cigarettes.5,6

The balance between these two aspects of e-cigarette’s role in the society, that is, helping 

adult smokers versus recruiting youth to nicotine, has become a defining feature of the 

tobacco harm reduction debate and has policy and regulatory implications.3,7,8 One of the 

main factors that will likely have significant bearing on this debate is whether e-cigarette use 

among youth can be considered a risk factor for subsequent cigarette smoking. This so-

called “gateway” effect has been the subject of several studies that have generated heated 

arguments among public health researchers and beyond.9 Studies and metanalyses 

suggesting such an effect have been criticized mainly for being based on cross-sectional 

designs not suitable for causal inference, lack of adjustment of relevant factors (e.g., 

susceptibility to smoking, substance use), small sample size and short follow-up, or looking 

at experimentation rather than more regular use patterns. Related to the last point is the 

argument that, for the most part, “gateway” studies fail to account for the frequency of either 

e-cigarette use or subsequent cigarette smoking. So, for a population known for 

experimenting with different tobacco products (youth), the documented associations 

between e-cigarettes and subsequent cigarette smoking likely represent experimentation and 

common liability rather than robust transitions.4,10

With the recent availability of three waves of the PATH cohort, an opportunity to look at the 

“gateway” question in a way that addresses the main critiques highlighted above has been 

provided. Using the youth data from the PATH’S three waves, this study aims to answer the 

question: Does current use of e-cigarette at baseline among cigarette nonsmokers increase 

the risk of regular cigarette smoking later? To answer this question, this study examines 

current e-cigarette use and frequency (among cigarette non-current users) at Wave 1 or Wave 

2 and their associations with subsequent regular cigarette smoking at Wave 2 or Wave 3 for a 

1-year progression. Similarly, the authors examine the 2-year progression of e-cigarette use 

at Wave 1 and its association with subsequent smoking at Wave 3.

METHODS

Study Sample

Data were from the PATH Study, an ongoing, nationally representative, longitudinal cohort 

study of 45,971 adults and youth (aged ≥12 years) in the U.S. initiated by the NIH and Food 

and Drug Administration.11 Details of the PATH Study design and methods have been 

described elsewhere.11-13 Youth data from Waves 1 (2013–2014), 2 (2014–2015), and 3 

(2015–2016) were used for this current study. The present analytic sample was restricted to 

youth who had complete information on current e-cigarette and were non-current cigarette 

users at Wave 1/2 from the youth questionnaire. Florida International University IRB 

approved this current study and deemed it exempt.
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Measures

Current (past 30–day) e-cigarette use was based on positive responses at Wave 1 and Wave 2 

to the question about e-cigarette use in the past 30 days (exclusive of never e-cigarette 

users), among cigarette nonsmokers (those who did not report cigarette smoking in the past 

30 days). The number of days of e-cigarette use in the past 30 days was used to denote e-

cigarette use frequency (as a continuous scale).

Regular cigarette smoking at Wave 2 and Wave 3 was defined as reporting cigarette smoking 

on ≥20 days in the past 30 days, as compared with no report of any cigarette smoking in the 

past 30 days. The number of days smoked cigarettes in the past 30 days was used as a 

continuous scale.

Based on prior literature related to youth tobacco use, susceptibility, and perceptions,14 the 

following variables from Wave 1 were included as covariates: age, sex, race/ethnicity, 

parent’s education, sensation seeking, and the following variables from Wave 1/2: other 

tobacco product use, ever alcohol use, ever marijuana use, ever prescription drug abuse, lives 

with a tobacco user, susceptibility to cigarette smoking, and noticed cigarette health warning 

labels. Age (12–14 years versus 15–17 years) and sex (male versus female) were 

dichotomized. Race/ethnicity had four categories: white, African American, Hispanic, and 

other, with white as the comparison group. Missing data on age, sex, race, and Hispanic 

ethnicity were imputed as described in the PATH Public Use File User Guide.11 Parent’s 

education was categorized as high school or less, some college, and bachelor’s degree or 

higher. Sensation seeking was assessed from three modified items of 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 
15 Response options for each item (strongly agree, agree, neither agree nor disagree, 
disagree, strongly disagree) were summed to create an overall score (range, 1–15), with 

higher scores indicating lower sensation seeking, and the mean scores reported. The scale 

was found to be internally consistent among youth in PATH Study (Cronbach’s α=0.76).16 

Additionally, the three questions were categorized into yes and no by deriving the variable 

from responses to the Likert scale: Those who responded neither agree nor disagree, 
disagree, or strongly disagree were classified as no whereas other responses were classified 

as yes. Then, a combined categorical sensation-seeking variable was derived from these 

three questions, with participants who responded no on all items coded as no, whereas other 

responses were coded as yes.

For the variable other tobacco product use, respondents who answered yes to the past 30–

day use of any of the following tobacco products—traditional cigars, cigarillos, filtered 

cigars, pipe, hookah, snus, smokeless tobacco, dissolvable tobacco, bidi, and kreteks—were 

coded as yes, and participants who responded no on all tobacco products were coded as no. 

Ever use of alcohol, marijuana, and prescription drug abuse (Ritalin, Adderall, painkillers, 

sedatives, and tranquilizers) were assessed from questions about participants’ self-reported 

ever use of alcohol, marijuana, or prescription drug abuse as appropriate. The variable, lives 

with a tobacco user, was assessed from the question about …anyone who lives with you now 
use tobacco? and the responses were coded as yes and no.
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Susceptibility to cigarette smoking was assessed using a 3-item enhanced susceptibility 

scale14: Have you been curious about a cigarette? (yes or no), Do you think you will smoke 
a cigarette in the next year?, and If one of your best friends were to offer you a cigarette, 
would you use it? (response options for the latter two were: definitely yes, probably yes, 
probably not, definitely not). Responses of definitely not were regarded as no on the latter 

two measures, and all other responses were classified as yes.16 The authors combined the 

measures to create a single variable from the yes or no responses, with those who endorsed 

yes to any of the three variables grouped as yes. Noticed cigarette health warning labels was 

assessed with the following item: In the past 30 days, how often, if at all, have you noticed 
the health warnings in packages of cigarettes? Participants responded using a 5-point 

response scale: never, rarely, sometimes, often, or very often. A dichotomized variable was 

derived with never coded as no and all other options as yes. The authors derived a variable, 

risk taking defined as the endorsement of one of the following items, as yes: ever alcohol/

marijuana/prescription drug abuse, susceptibility to cigarette smoking, and sensation-seeking 

similar to previous literature14 owing to the low prevalence rates of regular cigarette smokers 

who endorsed the individual items in this study.

Statistical Analysis

All estimates used were weighted in Stata, version 15 using the Wave 3 youth longitudinal 

weights with the balanced repeated replication method of Fay’s adjustment of 0.3 to account 

for the PATH study’s complex sampling design. Participants were followed from Wave 1 or 

Wave 2 who used e-cigarettes, for subsequent cigarette smoking at Wave 2 or Wave 3 for the 

1-year progression model. For the 2-year progression model, participants from Wave 1 who 

used e-cigarettes were followed up at Wave 3 for subsequent cigarette smoking. Analyses 

were restricted to youth who had complete information on follow-up waves: 7,438 (for 1-

year progression model), and 7,185 (for 2-year progression model). Study participants from 

the 1- and 2-year progression models are not mutually exclusive. This study examined the 

distribution of sociodemographic and tobacco-related variables by regular cigarette use. 

Pearson’s chi-square test and t-test were used to test for equality of proportions and means 

by regular cigarette use, respectively.

Multivariable logistic regression models were applied to evaluate the associations between 

current e-cigarette use at baseline and regular cigarette smoking at follow-up. Two sets of 

analyses were conducted. The first analysis included the current e-cigarette use from Wave 

1/2, with covariates obtained from Wave 1/2 and assessed with their associations with 

regular cigarette smoking at Wave 2/3 for the 1-year progression. The second analysis 

included only Wave 1 current e-cigarette use and covariates and evaluated for their 

associations with Wave 3 regular cigarette use in the 2-year progression. Unadjusted results 

(Model 1) and adjusted for demographic and tobacco-related factors (Model 2) were 

reported in the tables. The linear relationship between the number of days of e-cigarette use 

in the past 30 days (e-cigarette use frequency) with the number of days of cigarette use in 

past 30 days at follow-up was tested adjusting for age, sex, race/ethnicity, parent’s 

education, other tobacco use, risk-taking behavior, living with a tobacco user, and noticing a 

cigarette health warning label. For the 2-year progression, given the extremely small sample 

sizes of participants with number of days of cigarette use in the past 30 days, the estimates 
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provided in the linear regression model were unreliable. A zero-inflated negative binomial 

model was also used to assess this relationship. In another model, susceptibility to cigarette 

smoking was introduced as a single variable separately from the combined risk-taking 

variable.

Additionally, a sensitivity analysis was conducted with current e-cigarette users who were 

never smokers at Wave 1/2 and followed for their regular cigarette use at Wave 2/3. ORs and 

95% CIs were calculated for all logistic regression analyses, and β coefficients with their 

95% CIs were also calculated for the linear regression models. Two-sided p-values of <0.05 

were considered statistically significant. All data analysis was conducted between January 

2019 and December 2019.

RESULTS

Among youth (n=7,438), 5.3% (95% CI=3.1%, 8.9%) of current e-cigarette users at Wave 

1/2 reported regular cigarette smoking at the 1-year progression compared with 0.3% (95% 

CI=0.2%, 0.5%) among non-current e-cigarette users (P<0.0001) (Table 1). In the 2-year 

progression (n=7,185), 8.2% (95% CI=3.3%, 19.1%) of current e-cigarette users identified at 

Wave 1 reported regular cigarette smoking 2 years later compared with 0.8% (95% 

CI=0.6%, 1.1%) among non-current e-cigarette users (p<0.0001) (Table 1).

In the multivariate logistic regression analyses examining the transition from current e-

cigarette use to regular cigarette smoking, after adjusting for the covariates, current e-

cigarette users were at 5.0 (95% CI=1.9, 12.8) times higher odds of regular cigarette 

smoking in the 1-year progression model compared with non-current e-cigarette users. In the 

2-year progression model, current e-cigarette users had 3.4 (95% CI=1.0, 11.5) times the 

odds of regular cigarette use compared to non-current e-cigarette users, although not 

statistically significant (Table 2). Additionally, for every unit increase in the number of days 

of e-cigarette use at baseline, there was an increase in the number of days of cigarette 

smoking by 0.4 (β=0.4, 95% CI=0.1, 0.7) in the 1-year progression model (Table 3). 

Furthermore, results from the zero-inflated negative binomial models showed a similar 

estimate for this relationship; however, it was slightly lower but still significant (β=0.1, 95% 

CI=0.0, 0.1) (Appendix Table 1). Results from the models with susceptibility to cigarette 

smoking introduced separately showed a similar pattern (data not shown).

In the sensitivity analysis, similarly, current e-cigarette users who were never smokers were 

at 6.1 (95% CI=1.1, 33.2) and 3.0 (95% CI=0.3, 30.8) times higher odds of regular cigarette 

smoking both in the 1-and 2-year progression models compared with non-current e-cigarette 

users who were never smokers (Table 4).

DISCUSSION

This study shows the potential of e-cigarette use among youth to lead to regular cigarette 

smoking later using population-based longitudinal data. Controlling for important socio-

behavioral factors known to influence youth’s propensity to smoke,14 this study found that 

current e-cigarette users (cigarette non-current users) at baseline were 5.0 times more likely 

to become regular cigarette smokers at 1-year follow-up. However, this association was not 
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statistically significant in the 2-year progression. Coming from a population-based sample 

with detailed tobacco use and a 2-year follow-up, such transitions offer strong support to e-

cigarette’s potential to lead to regular cigarette smoking among youth. Additionally, 

although small (β=0.4, 95% CI=0.1, 0.7), a dose–response linear relationship was observed 

between frequency of current e-cigarette use at baseline and frequency of cigarette smoking 

at the 1-year progression, lending more support to a causal relationship rather than 

indicating youth experimentation with different tobacco products.

Previous results from the same data set but looking at more lenient predictor (prior e-

cigarettes) and outcomes (initiation, current smoking) have shown the same trend.14,17 

Similarly, in a meta-analysis, Soneji and colleagues18 showed that e-cigarette use is an 

independent risk factor for future cigarette initiation and current cigarette smoking among 

adolescents. This study takes this analysis further in response to one of the main critiques of 

cohort studies, based on measures of ever use or past 30–day use, which may be reflective of 

one-time experimentation rather than robust transitions,10 by examining the associations of 

current e-cigarette and frequency of e-cigarette use with regular cigarette smoking among 

youth. By focusing on use patterns that are unlikely to reflect experimentation but rather 

represent robust transitions, this study shows that e-cigarette use precedes and strongly 

predicts regular cigarette smoking, even after adjusting for factors known to predispose to 

cigarette smoking. The 2-year progression model did not reveal any statistically significant 

association between baseline e-cigarette use (non-current cigarette users) and future cigarette 

use at Wave 3, probably because of the relatively small number of individuals who used e-

cigarettes at baseline, which likely limited the statistical power.

Additionally, a dose–response pattern of this relationship was observed, which, given the 

prospective nature of the data, lend further support to a causal relationship. A plausible 

explanation for this study findings is that, because e-cigarette use is similar to the pattern of 

cigarette smoking (hand-to-mouth movements, puffing, inhalation, and exhalation),18,19 

youth who majorly use e-cigarettes may acquire and learn cigarette smoking-related 

behavior through e-cigarette use, thus allowing for an easy transition to cigarette smoking.18 

Furthermore, youth who become addicted to nicotine through e-cigarettes may transition to 

cigarettes as they may try to satisfy their cravings for nicotine.18

Limitations

Despite the study’s strengths, there are some limitations to be considered in the 

interpretation of the results. First, tobacco/nicotine use were self-reported, so they may be 

subject to self-reported bias; however, prior studies have shown a good correlation between 

self-reported tobacco use and biomarkers of tobacco exposure among youth.20 Secondly, not 

all included youth in the main analyses were naive to cigarette use; however, the authors 

conducted a sensitivity analysis that looked at never cigarette users, and e-cigarette users 

were at higher odds of subsequent cigarette smoking in both the 1- and 2-year progression 

models. It is also likely that the statistical power was limited in this study even though it 

found significant associations for the 1-year progression models. Lastly, given the current 

tobacco use landscape among youth that is dominated by poly-tobacco use, this study could 

not have exclusive e-cigarettes or cigarette predictors and outcomes. However, the predictor 
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variable (current e-cigarette use) did not include any current cigarette smoking (current 

nonsmokers), and the authors adjusted for other tobacco products use in the regression 

analyses.

CONCLUSIONS

In a large, nationally representative sample of U.S. youth, this study shows temporal 

transitions between e-cigarette use and cigarette smoking that unlikely reflect 

experimentation. These findings suggest that promoting e-cigarettes as the current practice 

for tobacco harm reduction will likely have the unintended consequence of initiating youth 

cigarette smokers. Given the considerable increase in e-cigarette use among U.S. youth in 

recent years, these results call for careful consideration of e-cigarettes’ harm reduction 

potential in the society and for a strong policy and regulatory efforts to protect the American 

youth.
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Table 1.

Characteristics of Study Participants by Regular Cigarette Use Among Youth (aged 12–17 years): PATH, 

2013–2016

Regular cigarette Use
a

1-year progression
b
 (n=7,438) 2-year progression

c
 (n=7,185)

Characteristics n % (95% CI) n n, % (95% CI)

Current e-cigarette use No (n=7,400) Yes (n=38) No (n=7,126) Yes (n=59)

 No 7,217 99.7 (99.5, 99.8) 0.3 (0.2, 0.5) 7,129 99.2 (98.9, 99.4) 0.8 (0.6, 1.1)

 Yes 221 94.7 (91.1, 96.9) 5.3 (3.1, 8.9) 56 91.8 (80.9, 96.7) 8.2 (3.3, 19.1)

Age, years

 12–14 5,656 99.6 (99.4, 99.8) 0.4 (0.2, 0.6) 5,487 99.4 (99.1, 99.6) 0.6 (0.4, 0.9)

 15–17 1,782 99.1 (98.5, 99.5) 0.9 (0.5, 1.5) 1,698 98.3 (97.4, 98.9) 1.7 (1.1, 2.6)

Sex

 Female 3,584 99.5 (99.1, 99.7) 0.5 (0.3, 0.9) 3,447 99.2 (98.8, 99.4) 0.8 (0.6, 1.2)

 Male 3,854 99.5 (99.2, 99.7) 0.5 (0.3, 0.8) 3,738 99.1 (98.7, 99.4) 0.9 (0.6, 1.3)

Race/ethnicity

 White 3,512 99.3 (99.0, 99.6) 0.7 (0.4, 1.0) 3,384 98.9 (98.4, 99.2) 1.1 (0.8, 1.6)

 African American 1,028 99.7 (99.0, 99.9) 0.4 (0.1, 1.0) 1,006 99.5 (98.8, 99.8) 0.5 (0.2, 1.2)

 Hispanic 2,196 99.8 (99.4, 99.9) 0.2 (0.0, 0.6) 2,124 99.6 (99.2, 99.8) 0.4 (0.2, 0.8)

 Other 702 99.5 (98.6, 99.8) 0.5 (0.2, 1.4) 671 98.9 (97.9, 99.5) 1.1 (0.5, 2.2)

Parent’s educational level

 High school or less 2,853 99.3 (98.8, 99.6) 0.7 (0.5, 1.1) 2,736 98.7(98.1, 99.1) 1.3 (0.9, 1.9)

 Some college 2,316 99.4 (98.9, 99.7) 0.6 (0.3, 1.1) 2,235 99.0 (98.5, 99.4) 1.0 (0.6, 1.6)

 Bachelor’s degree or higher 2,229 99.8 (99.6, 99.9) 0.2 (0.0, 0.4) 2,175 99.7 (99.2, 99.9) 0.3 (0.1, 0.8)

Other tobacco products
d

 No 7,203 99.7 (99.6, 99.8) 0.3 (0.2, 0.5) 7,115 99.2 (99.0, 99.4) 0.8 (0.6, 1.0)

 Yes 235 93.6 (89.6, 96.1) 6.4 (3.9, 10.4) 69 89.3 (78.0, 95.2) 10.7 (4.8, 22.0)

Ever alcohol use

 No 5,357 99.8 (99.6, 99.9) 0.2 (0.1, 0.4) 5,225 99.5 (99.2, 99.7) 0.5 (0.3, 0.8)

 Yes 2,041 98.8 (98.3, 99.2) 1.2 (0.8, 1.7) 1,921 98.2 (97.4, 98.8) 1.8 (1.3, 2.6)

Ever marijuana use

 No 6,967 99.7 (99.5, 99.8) 0.3 (0.2, 0.5) 6,785 99.4 (99.2, 99.6) 0.6 (0.5, 0.9)

 Yes 221 98.7 (96.2, 99.5) 1.3 (0.5, 3.8) 182 98.6(95.5, 99.6) 1.4 (0.4, 4.6)

Ever prescription drug abuse

 No 6,884 99.6 (99.4, 99.7) 0.4 (0.3, 0.6) 7,126 99.1 (98.9, 99.4) 0.9 (0.7, 1.1)

 Yes 523 98.4 (96.9, 99.2) 1.6 (0.8, 3.1) 29 96.4 (74.1, 99.6) 3.6 (0.4, 25.9)

Lives with tobacco user

 No 5,582 99.7 (99.5, 99.8) 0.3 (0.2, 0.5) 4,779 99.6 (99.3, 99.8) 0.4 (0.2, 0.7)

 Yes 1,852 98.9 (98.3, 99.3) 1.1 (0.7, 1.7) 2,331 98.1 (97.3, 98.7) 1.9 (1.3, 2.7)

Sensation seeking, mean (SD)
e 7,428 10.4 (2.8) 7.5 (2.9) 7,175 10.4 (2.8) 8.4 (3.1)
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Regular cigarette Use
a

1-year progression
b
 (n=7,438) 2-year progression

c
 (n=7,185)

Characteristics n % (95% CI) n n, % (95% CI)

Susceptibility to cigarette smoking

 No 3,924 99.9 (99.8, 100.0) 0.1 (0.0, 0.2) 4,740 99.8 (99.6, 99.9) 0.2 (0.1, 0.4)

 Yes 3,065 99.6 (99.3, 99.8) 0.4 (0.2, 0.7) 2,088 98.9 (98.4, 99.3) 1.1 (0.7, 1.6)

Noticed cigarette health warning labels

 No 2,866 99.7 (99.4, 99.9) 0.3 (0.1, 0.6) 3,762 99.3 (98.8, 99.6) 0.7 (0.4, 1.2)

 Yes 4,550 99.4 (99.1, 99.6) 0.6 (0.5, 0.9) 3,212 99.0(98.5, 99.3) 1.0 (0.7, 1.5)

Any risk taking
f

 No 2,422 99.9 (99.6, 100.0) 0.1 (0.0, 0.4) 2,910 99.6 (99.3, 99.8) 0.4 (0.2, 0.8)

 Yes 5,016 99.3 (99.0, 99.5) 0.7 (0.5, 1.0) 4,275 98.8 (98.4, 99.1) 1.2 (0.9, 1.6)

Notes: The samples of the 1-year and 2-year progressions are not mutually exclusive; n indicates the unweighted sample size, and numbers may not 
sum to the total because of missing data. Weighted percentages are row percentages. Boldface indicates statistical significance (p<0.05).

a
Regular cigarette use (i.e., the use of cigarettes on ≥20 days and compared with non-current cigarette use (i.e., those who had not used cigarettes in 

the past 30 days).

b
Variables are obtained from Wave 1 and/or Wave 2 and assessed the association with current cigarette use at Wave 2 and/or Wave 3 in the 1-year 

progression.

c
Wave 1 current e-cigarette use and covariates and Wave 3 current cigarette use in the 2-year progression.

d
Other tobacco products refers to the current use of the following tobacco products in the past 30 days: traditional cigar, cigarillos, filtered cigar, 

pipe, hookah, smokeless tobacco, snus, dissolvable tobacco, bidi, or kretek.

e
Higher sensation seeking scores reflect lower sensation seeking.

f
Any risk taking defined as at least an endorsement of any of the following: alcohol, marijuana, prescription drug abuse, sensationseeking, or 

susceptibility to cigarette smoking.

PATH, Population Assessment of Tobacco and Health.
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Table 2.

Multivariable Association Between Baseline Current E-cigarette Use and Regular Cigarette Use Among Youth 

(aged 12–17 Years): PATH, 2013–2016

Regular cigarette use at follow-up
a

1-year progression
b

2-year progression
c

Characteristics OR (95% CI)
n=7,438

AOR (95% CI)
n=7,372

OR (95% CI)
n=7,185

AOR (95% CI)
n=6,869

Current e-cigarette use at baseline

 No ref ref ref ref

 Yes 16.4 (7.8, 34.5) 5.0 (1.9, 12.8) 11.1 (3.5, 35.2) 3.4 (1.0, 11.5)

Age, years

 12–14 ref ref ref ref

 15–17 2.4 (1.11, 5.3) 1.8 (0.8,44) 2.8 (1.5, 5.3) 2.1 (1.0, 4.1)

Sex

 Female ref ref ref ref

 Male 1.0 (0.4, 2.3) 0.9 (0.3, 2.2) 1.1 (0.6, 1.9) 1.1 (0.6, 1.9)

Race/ethnicity

 White ref ref ref ref

 African American 0.5 (0.1, 24) 0.5 (04, 1.9) 0.5 (0.2, 1.3) 0.3 (0.1, 0.8)

 Elispanic 0.3 (0.1, 14) 0.3 (04, 1.0) 0.3 (0.1, 0.8) 0.3 (0.1, 0.7)

 Other 0.8 (0.3, 2.6) 0.9 (0.2, 34) 0.9 (04, 2.4) 0.8 (0.3, 1.9)

Parent’s education level

 High school or less ref ref ref ref

 Some college 0.9 (0.4, 24) 07 (0.3, 2.0) 0.7 (04, 1.3) 0.6 (0.3, 1.2)

 Bachelor’s degree or higher 0.2 (04, 0.9) 0.2 (0.0, 0.9) 0.2 (0.1, 0.8) 0.3 (0.1, 0.8)

Other tobacco products

 No ref ref ref ref

 Yes 22.8 (11.6, 44.9) 8.4 (3.5, 20.4) 15.6 (5.9, 41.1) 5.3 (1.6, 17.4)

Lives with tobacco user

 No ref ref ref ref

 Yes 3.8 (1.9, 7.5) 17 (0.7, 3.8) 4.8 (2.4, 9.3) 3.1 (1.4, 6.5)

Noticed cigarette health warning labels

 No ref ref ref ref

 Yes 2.3 (1.0-5.3) 1.2 (0.5, 2.8) 1.4 (07, 2.8) 0.8 (0.4, 1.7)

Any risk taking

 No ref ref ref ref

 Yes 8.2 (1.3, 53.1) 4.1 (0.6, 27.4) 3.4 (1.5, 8.0) 2.9 (1.3, 6.8)

Notes: Model adjusted for age, sex, race/ethnicity, education, other tobacco product use, any risk taking, living with a tobacco user, and noticed 
cigarette health warning label. Boldface indicates statistical significance (p<0.05).

a
Regular cigarette use (i.e., the use of cigarettes on ≥20 days in the past 30 days) was compared with non-current cigarette use (i.e., those who had 

not used cigarettes in the past 30 days).
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b
Current e-cigarette use from Wave 1 and/or Wave 2 and its association with regular cigarette use at Wave 2 and/or Wave 3 in the 1-year 

progression.

c
Wave 1 current e-cigarette use and its association with Wave 3 regular cigarette use in the 2-year progression.

PATH, Population Assessment of Tobacco and Health.
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Table 3.

Linear Association Between Frequency of Current E-cigarette Use and Frequency of Cigarette Use Among 

Youth (Aged 12–17 Years): PATH, 2013–2016

Number of days used cigarettes in past 30
days at follow-up

1-year progression (n=60)

Characteristics β (95% CI) Adjusted β (95% CI)

Number of days used e-cigarettes in past 30 days at baseline 0.5 (0.1, 0.9) 0.4 (0.1, 0.7)

Age, years

 12–14 ref ref

 15–17 2.7 (−2.6, 8.0) 3.1 (−1.4, 7.7)

Sex

 Female ref ref

 Male −0.9 (−0.6, 4.9) −1.7 (−7.2, 3.8)

Race/ethnicity

 White ref ref

 African American 4.7 (−8.8, 18.2) 6.6 (−4.2, 17.4)

 Hispanic −2.4 (−8.8, 4.1) −3.1 (−9.4, 3.1)

 Other −1.6 (−9.7, 6.4) 0.8 (−6.1, 7.7)

Parent’s education level

 High school or less ref ref

 Some college −3.8 (−11.0, 3.3) −4.8 (−11.2, 1.6)

 Bachelor’s degree or higher −8.4 (−14.9, −2.0) −8.2 (−14.8, −1.7)

Other tobacco products

 No ref ref

 Yes 1.8 (−3.2, 6.8) 1.3 (−4.2, 6.8)

Lives with tobacco user

 No ref ref

 Yes 6.3 (0.9, 11.7) 3.2 (−1.6, 8.0)

Noticed cigarette health warning labels

 No ref ref

 Yes −1.2 (−7.2, 4.9) −3.2 (−9.3, 2.8)

Any risk taking

 No ref ref

 Yes 5.8 (3.3, 8.2) 6.6 (−0.3, 13.5)

Notes: Boldface indicates statistical significance (p<0.05).

PATH, Population Assessment of Tobacco and Health.
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Table 4.

Sensitivity Analysis of the Association Between Baseline Current E-cigarette Use (Never Cigarette Users) and 

Regular Cigarette Use Among Youth (Aged 12–17 Years): PATH 2013–2016

Regular cigarette use at follow-up

1-year progression 2-year progression

Characteristics OR (95% CI)
n=6,983

AOR (95% CI)
n=6,923

OR (95% CI)
n=6,828

AOR (95% CI)
n=6,523

Current e-cigarette use
a

 No ref ref ref ref

 Yes 15.5 (3.5, 68.6) 6.1 (1.1, 33.2) 4.8 (0.3, 73.5) 3.0 (0.3, 30.8)

Age, years

 12–14 ref ref ref ref

 15–17 2.7 (0.8, 10.0) 2.5 (0.7, 8.9) 2.1 (1.0, 4.9) 1.8 (07, 4.5)

Sex

 Female ref ref ref ref

 Male 1.1 (0.3, 3.7) 1.0 (0.3, 3.3) 1.0 (0.3, 1.3) 0.7 (0.3, 1.4)

Race/ethnicity
b

 White ref ref ref ref

 African American — — 0.4 (0.1, 1.6) 0.3 (0.1, 1.3)

 Elispanic — — 0.4 (0.1, 1.4) 0.3 (0.1, 1.3)

 Other 0.3 (0.1, 1.3) 0.3 (04, 1.5) 0.6 (04, 24) 0.7 (0.2, 2.6)

Parent’s education level

 High school or less ref ref ref ref

 Some college 0.7 (04, 3.8) 0.7 (04, 3.9) 0.4 (0.2, 1.2) 0.4 (0.1, 1.1)

 Bachelor’s degree or higher 0.5 (04, 2.9) 0.5 (04, 3.6) 0.4 (0.1, 1.7) 0.4 (0.1, 1.6)

Other tobacco products

 No ref ref ref ref

 Yes 14.0 (2.6, 74.3) 3.9 (0.5, 29.0) 5.2 (0.3, 81.2) 2.4 (0.2, 24.2)

Lives with tobacco user

 No ref ref ref ref

 Yes 5.0 (1.4, 18.1) 3.1 (0.7, 14.3) 3.7 (1.4, 9.4) 2.8 (1.0, 7.6)

Noticed cigarette health warning labels

 No ref ref ref ref

 Yes 4.2 (0.6, 30.3) 2.4 (0.3, 21.1) 1.0 (0.4, 2.6) 0.7 (0.3, 1.8)

Any risk taking

 No ref ref ref ref

 Yes 3.2 (0.4, 22.6) 1.6 (0.2, 12.6) 2.7 (1.0, 7.7) 2.4 (0.8, 6.7)

Notes: Boldface indicates statistical significance (p<0.05).

a
Current e-cigarette users who were never cigarette smokers.

b
The race/ethnicity variable is dichotomized as white versus non-white for the 1-year progression due to the small sample sizes in the other 

categories.
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