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Abstract
Introduction: Prospective studies have consistently reported a strong association between e-cigarette use and subsequent cigarette smoking, 
but many failed to adjust for important risk factors.
Methods: Using longitudinal data from the Population Assessment of Tobacco and Health (PATH) Study, we employed multivariable logistic re-
gressions to assess the adolescent vaping-to-smoking relationship, with four regressions (Models 1–4) sequentially adding more risk factors.
Our sample included all waves (waves 1–5) of the PATH Study.
Results: The association between ever e-cigarette use and subsequent cigarette smoking decreased substantially in magnitude when adding 
more control variables, including respondents’ sociodemographic characteristics, exposure to tobacco users, cigarette susceptibility, and behav-
ioral risk factors. Using the most recent data (waves 4–4.5 and waves 4.5–5), this association was not significant in the most complete model 
(Model 4). Using wave 4.5–5 data, the adjusted odds ratio (aOR) for ever e-cigarette use at initial wave and subsequent past 12-month smoking 
declined from 4.07 (95% confidence interval [CI, 2.86−5.81) in Model 1, adjusting only for sociodemographic characteristics, to 1.35 (95% CI, 
0.84−2.16) in Model 4, adjusting for all potential risk factors. Similarly, the aOR of ever e-cigarette use and past 30-day smoking at wave 5 de-
creased from 3.26 (95% CI, 1.81−5.86) in Model 1 to 1.21 (95% CI, 0.59−2.48) with all covariates (Model 4).
Conclusions: Among adolescent never cigarette smokers, those who had ever used e-cigarettes at baseline, compared with never e-cigarette 
users, exhibited modest or non-significant increases in subsequent past 12-month or past 30-day smoking when adjusting for behavioral risk 
factors.

Introduction
Cigarette smoking among US adolescents has steadily de-
creased over the last quarter century. In 2020, 4.6% of high 
school and 1.6% of middle school students reported having 
smoked in the past 30  days.1 However, while smoking has 
declined, in recent years electronic cigarettes have become 
popular. In 2019, 27.5% of high school and 10.5% of middle 
school students used e-cigarettes (vaped) in the past 30 days.2 
Although these rates dropped substantially in 2020 and 2021, 
e-cigarettes remain the most popular nicotine or tobacco 
product among US adolescents.1,3

One concern is that e-cigarette use may lead young people 
to try cigarettes when, absent the experience of vaping, they 
would not have done so. Studies have found strong associ-
ations between youth and young adult vaping and subsequent 
cigarette smoking.4–22 In a meta-analysis of nine US studies, 
Soneji et  al.23 reported that the pooled odds ratio for sub-
sequent use of cigarettes among previously non-smoking 
vapers, compared to youth who had never vaped or smoked, 
was 3.50 (95% CI, 2.38−5.16). The ratio was 4.28 (95% CI, 
2.52−7.27) for “current” use of cigarettes (having smoked in 
the past 30 days).22 A systematic review by Khouja et al.,24 
covering 17 studies of youth and young adults, found strong 
evidence for a significant association between e-cigarette 

use and later smoking with an odds ratio of 4.59 (95% CI, 
3.60−5.85).

An essential question, prompted by these findings, is whether 
these associations reflect a causal relationship, which these 
studies per se cannot determine. There are two competing views 
of the relationship. The gateway hypothesis posits that the use 
of e-cigarettes causes the subsequent use of conventional cig-
arettes.25–27 In contrast, the common liability theory suggests 
that youth who vape and subsequently smoke would have tried 
cigarettes in the absence of vaping, since the two behaviors re-
flect a common propensity for risky behaviors.28–30 Note that 
none of the authors of the prospective studies explicitly claim 
that their study supports either theory about the relationship 
between vaping and subsequent cigarette smoking.6–22 Indeed, 
the vast majority do not even mention the competing views. 
However, others have interpreted these findings as implying 
support for the gateway theory. For example, referring to the 
Khouja et al. review,24 a prominent anti-vaping scholar/activ-
ist wrote a blog post entitled “Convincing analysis that e-cigs 
are a gateway to cigarette smoking from studies around the 
world.” 31 However, Khouja et al. concluded “[F]indings from 
published studies do not provide clear evidence that this is ex-
plained by a gateway effect rather than shared common causes 
of both e-cigarette use and smoking.” 24
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Proponents of the common liability theory assert that the 
prospective studies have failed to account adequately for fac-
tors that reflect this common liability.28–30,32–34 These could in-
clude peer and familial influences, use of other psychoactive 
substances, such as other tobacco products, marijuana, and 
alcohol (indicative of risk-taking propensity), and indices of 
sensation seeking or rebelliousness. However, the two pro-
spective studies that have covered the most categories of risk 
factors have found a robust positive and significant relation-
ship.12,21 No previous study has reported the absence of a stat-
istically significant increase in the odds of smoking associated 
with previous vaping.

All previous prospective studies adjusted for respondents’ 
basic demographics (sex, age, race/ethnicity).6–22 Many ad-
justed for socioeconomic status measures.6–9,11,12,14,16–18,20–22 
Some also adjusted for psychosocial variables (such as sen-
sation seeking, intentions to smoke, perceived norms, and 
rebelliousness),9,12,14,16–22 susceptibility to smoking,6,8,10–13 
and exposure to tobacco users (friends’ smoking, family to-
bacco use, and secondhand smoke).6,8–10,12–14,17,21 A  few ad-
justed for other tobacco use,13,19,21 and other non-tobacco 
drug use.10,12,14–16,21 Reviewing the evidence, a committee of 
the National Academies of Science, Engineering and Medicine 
“considered studies that adjusted for a more comprehensive 
set of covariates as stronger evidence.” 26

No previous study has included all of the covariates in the 
present study. The two studies that incorporated the most 
variables similar to those in the present study, Leventhal 
et  al.12 and Watkins et  al.,21 found lower than average ad-
justed odds ratios (aORs) for the vaping-to-smoking relation-
ship. However, Leventhal et  al. did not consider the use of 
other tobacco products,12 while Watkins et al. did not include 
cigarette susceptibility or marijuana use in their main ana-
lysis21 (see Supplement eTable 1 for details on the individual 
studies, including which categories of independent variables 
they included).

In this study, we analyze longitudinal data from all waves 
of the Population Assessment of Tobacco and Health (PATH) 
Study (wave 1: 2013–2014; wave 2: 2014–2015; wave 3: 
2015–2016; wave 4: 2016–2017; wave 4.5: 2017–2018; and 
wave 5: 2018–2019). We add to the literature by explicitly, 
and sequentially, examining how the inclusion of potential 
risk factors affects the magnitude and statistical significance 
of the vaping-to-smoking relationship. As with all previous 
studies, we include respondents’ sociodemographic character-
istics. Then, in sequence, we include additional control vari-
ables, each of which has been used in prior studies. With one 
exception,21 none of those previous studies has included rep-
resentatives of each category of control variables that we em-
ploy: the adolescents’ exposure to tobacco users (family mem-
bers who use tobacco, secondhand smoke exposure, friends 
who use tobacco); cigarette smoking susceptibility; and be-
havioral risk factors, specifically including respondents’ pre-
vious use of other tobacco products, alcohol, and marijuana 
as measures of adolescents’ proclivity for use of psychoactive 
substances. Only three previous studies have adjusted for use 
of other tobacco products.13,19,21 To the best of our knowledge, 
the present study is the first one to adjust simultaneously for 
cigarette susceptibility, other tobacco product use, and use of 
alcohol and marijuana.

As with the previous studies, ours is not intended to re-
solve whether the vaping-to-smoking association represents 
a causal one (the gateway theory) or a coincidental one (the 

common liability theory). It is extremely challenging for 
studies using observational data to answer such questions. 
Rather, we explore whether inclusion of a more substantial 
set of covariates affects the finding of a statistically signifi-
cant association between vaping at baseline and subsequent 
smoking. (We revisit the gateway-common liability issue in 
the Discussion section.)

Methods
PATH is a nationally representative, longitudinal cohort 
study of US adults and youth aged 12 years and older. PATH 
employs a four-stage, stratified probability sample design to 
select adults and youth (12–17) from the US civilian, non-
institutionalized population. Computer-assisted personal 
interviewing is used to collect self-reported data on tobacco 
use and related health behaviors. A  full description of the 
PATH design and methods is available elsewhere.35 Our sam-
ple included youth who participated in consecutive waves of 
PATH, including waves 1–2 (2013–2015), 2–3 (2014–2016), 
3–4 (2015–2017), 4–4.5 (2016–2018), and 4.5–5 (2017–
2019). The weighted response rates for the wave 1 cohort 
in subsequent waves were 87.3%, 83.3%, 79.5%, 74.6%, 
and 72.3%, respectively. In wave 4, the survey added new 
respondents to replenish the sample. 40% of the wave 4 sam-
ple consisted of these new respondents. The weighted wave 
4.5 and wave 5 response rates for the replenished wave 4 co-
hort were 89.1% and 83.5%.36 We study those youth who 
had never smoked cigarettes by the initial wave in each pair 
of waves.

Measures
The principal independent variable is use of an e-cigarette 
at least once by the time of the survey in the initial wave in 
each pair of waves. We linked measures of sociodemographic 
characteristics, exposure to tobacco users, susceptibility to 
cigarette smoking, and behavioral risk factors of adolescent 
never cigarette smokers in the initial wave with their smoking 
behaviors in the subsequent wave one year later. We describe 
the specific covariates in each of these domains immediately 
below. The dependent variables, smoking behaviors at the 
subsequent wave, captured whether respondents had smoked 
at all during the past 12 months (even one puff on a cigarette) 
and whether they had smoked at all during the past 30 days 
(again, even one puff).

Sociodemographic Characteristics
Sociodemographic variables included age (12–14 vs. 15–17), 
sex (male vs. female), race/ethnicity (non-Hispanic white, non-
Hispanic black, Hispanic, and non-Hispanic other), highest 
parental education (high school/GED or less, some college, 
college graduate or above), household income (<$50  000, 
$50 000–$100 000, >$100 000), and school grades (≥ mostly 
B’s vs. not).

Exposure to Tobacco Users
Family tobacco use (0 vs. 1) was evaluated by asking if any-
one living with the respondent uses cigarettes, smokeless to-
bacco, cigars, cigarillos, filtered cigars, or any other form of 
tobacco. Youth exposure to secondhand smoke (0 vs. 1) was 
determined by asking respondents if they had been around 
others who were smoking, including at home, in a car, at 
school, or outdoors, for at least a total of an hour during the 

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntab243#supplementary-data


712 Sun et al.

past seven days. Friends’ tobacco use (0 vs. 1) was scored as 1 
if participants provided a positive number to any of the ques-
tions asking, “How many of your best friends use [tobacco 
product]?” The tobacco products included in these questions 
are cigarettes, e-cigarettes, cigarillos, snus, and smokeless to-
bacco.

Susceptibility to Cigarette Smoking
Based on previous literature,37,38 we constructed a bivariate 
measure of cigarette susceptibility (0 vs. 1) from four survey 
questions. Youth never-smokers were asked, “Have you ever 
been curious about smoking a cigarette?”, “Do you think 
you will smoke a cigarette in the next year?”, “Do you think 
that you will try a cigarette soon?”, and “If one of your best 
friends were to offer you a cigarette, would you smoke it?” 
Participants answering “not at all curious” to the first ques-
tion and “definitely not” to the last three were considered not 
susceptible to smoking; the rest were regarded as susceptible.

Behavioral Risk Factors
Behavioral risk factors include past 12-month use of alcohol 
(0 vs. 1) and marijuana (0 vs. 1) and ever use of other tobacco 
products (0 vs. 1), including cigar, pipe, hookah, snus, smoke-
less tobacco, bidi, kretek, and dissolvable tobacco.

Analysis
All analyses were conducted using Stata version 16 (StataCorp 
LLC, College Station, TX). We performed multivariable logis-
tic regressions with complete case analysis to examine the as-
sociation between ever e-cigarette use at baseline and cigarette 
smoking a year later, adjusting for the previously identified 
variables. We incorporated baseline sample weights provided 
by PATH, using Fay’s variant of balanced repeated replica-
tion,35 to produce nationally representative results. These 
weights adjust for the potential impact of non-response.36

We performed four different models of multivariable logis-
tic regressions. Model 1 adjusted only for sociodemographic 
variables. Model 2 added covariates measuring exposure to 
tobacco users. Model 3 added susceptibility to smoking cigar-
ettes. Finally, Model 4 added ever use of other tobacco prod-
ucts, past 12-month use of alcohol, and past 12-month use of 
marijuana.

Results
Table 1 shows the baseline characteristics of our most recent 
sample in waves 4.5–5, a total of 11 560 never-smokers. The 
weighted sample is approximately 50% male, and slightly 
more than half of the population were 12–14 years old, the 
rest 15–17. A  majority were non-Hispanic white (51.4%). 
Parents’ education background was high school/GED or 
less (26.0%); some college (28.8%); and college graduate or 
higher (45.2%). 39.7% of the families made < $50 000 annu-
ally, with 26.5% between $50 000 and $100 000 and 33.8% 
>$100  000. 74.4% of respondents earned school grades ≥ 
mostly B’s. 27.6% of participants had at least one family 
member currently using tobacco products. 26.6% of partici-
pants were exposed to secondhand smoke in the past 7 days, 
and 32.2% had at least one best friend who used tobacco 
products. 26.1% of the sample were susceptible to cigarettes. 
11.3% had ever vaped. 4.3% reported ever use of other to-
bacco products (other than cigarettes and e-cigarettes), 22.2% 
used alcohol in the past 12 months and 3.4% used marijuana. 

Baseline characteristics from other waves, largely similar, are 
presented in Supplement eTables 2A–D.

Table 2 presents weighted proportions of our base-
line population by risk factors in wave 4.5 (excluding 
sociodemographic characteristics) who reported cigarette 
smoking in wave 5. Among never-smokers who had vaped by 
wave 4.5, 9.4% (CI 95%, 7.4−11.8) reported past 12-month 
cigarette use in wave 5, compared to 1.9% (CI 95%, 1.7−2.3) 
of never-vapers. Similarly, baseline participants who had 
vaped were significantly more likely to smoke in the past 
30  days, 3.2% (CI 95%, 2.2−4.7) versus 0.7% (CI 95%, 
0.5−0.9). Covariates measuring exposure to tobacco users 
(family tobacco use, secondhand smoke, and friends’ tobacco 
use), susceptibility to cigarette smoking and behavioral risk 
factors (other tobacco use, use of alcohol and marijuana) 
were all significantly associated with increased likelihood of 
smoking in wave 5.  (See Supplement eTables 3A–D for the 
other waves.)

In Table 3, we report aORs for the association between ever 
e-cigarette use by initial wave and subsequent past 12-month 
smoking. Across all four models, ever e-cigarette use is posi-
tively associated with subsequent cigarette smoking, but as 
we move from Model 1 to Model 4 the aOR becomes succes-
sively smaller across all waves and is non-significant (at the 
5% level) in Model 4 for the two most recent wave compari-
sons, waves 4–4.5 and waves 4.5–5. For waves 1–2, the aOR 
decreases from 5.55 (95% CI, 3.87−7.97) in Model 1 to 2.09 
(95% CI, 1.26−3.48) in Model 4; for waves 2–3, 5.93 (95% 
CI, 4.07−8.63) to 2.10 (95% CI, 1.33−3.30); for waves 3–4, 
5.53 (95% CI, 4.11−7.44) to 2.25 (95% CI, 1.55−3.27); for 
waves 4–4.5, 4.96 (95% CI, 3.66−6.72) to 1.40 (95% CI, 
0.91−2.14); and for waves 4.5–5, 4.07 (95% CI, 2.86−5.81) 
to 1.35 (95% CI, 0.84−2.16).

Table 4 reports comparable results for past 30-day cigar-
ette smoking. The association between ever e-cigarette use 
and smoking declines steadily and substantially from Model 
1 to Model 4. Except for waves 3–4, in which the aOR is 
significant at 2.16 (95% CI, 1.18−3.97), the Model 4 aORs 
are all non-significant. Specifically, the non-significant aORs 
in Model 4 for the other wave comparisons are: 1.41 (95% 
CI, 0.64−3.09) in waves 1–2, 1.41 (95% CI, 0.67−2.98) in 
waves 2–3, 1.11 (95% CI, 0.57−2.16) in waves 4–4.5, and 
1.21 (95% CI, 0.59−2.48) in waves 4.5–5. Full regression re-
sults with past 12-month and past 30-day cigarette smoking 
as outcomes are in Supplement eTables 4A–E and 5A–E.

Discussion
We found that the significant association observed in previous 
studies6–22 between e-cigarette use and subsequent 12-month 
smoking remained in the first three consecutive waves (waves 
1–2, 2–3, and 3–4) in all four models in our analysis. However, 
results from the most recent waves (waves 4–4.5 and 4.5–5) 
indicate that this significant association disappears in Model 
4. Adjusting for a full set of confounders, including adoles-
cents’ sociodemographic characteristics, exposure to tobacco 
users, susceptibility to smoking, and behavioral risk factors, 
we found that the association of ever e-cigarette use with sub-
sequent smoking decreases substantially and even becomes 
non-significant in some waves, using both past 12-month and 
past 30-day smoking as outcomes. We believe this is the first 
study to report any non-significant findings, likely the result 
of the more comprehensive set of risk factor variables we in-
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Table 1. Sample Characteristics Among Never Cigarette Smokers at Baseline, PATH Study Wave 4.5 (N = 11 560). 

Never cigarette smokers by wave 4.5

 Proportion (%) Weighted proportion (%, 95% CI)

Sociodemographic characteristics  

Sex

 Male 51.8 50.7 (50.3−51.1)

 Female 48.2 49.3 (49.0−49.7)

Age

 12–14 50.7 53.9 (53.5−54.3)

 15–17 49.3 46.1 (45.7−46.5)

Race/ethnicity

 Non-Hispanic white 46.2 51.4 (51.0−51.8)

 Non-Hispanic black 13.4 13.5 (13.2−13.8)

 Hispanic 30.6 24.4 (24.1−24.8)

 Non-Hispanic other  9.8 10.7 (10.4−11.0)

Highest parental education

 High school/GED or less 29.4 26.0 (24.9−27.1)

 Some college 29.7 28.8 (27.5−30.2)

 College or higher 40.9 45.2 (43.7−46.7)

Household income

 <50k 44.0 39.7 (38.5−40.9)

 50k to 100k 25.7 26.5 (25.4−27.6)

 >100k 30.3 33.8 (32.4−35.4)

Grades ≥ mostly B’s

 Yes 72.9 74.4 (73.5−75.3)

 No 27.1 25.6 (24.7−26.5)

Exposure to tobacco users   

Family tobacco use

 Yes 27.5 27.6 (26.5−28.8)

 No 72.5 72.4 (71.2−73.6)

Secondhand smoke

 Yes 26.5 26.6 (25.6−27.6)

 No 73.5 73.4 (72.4−74.4)

Friends’ tobacco use

 Yes 32.5 32.2 (31.1−33.3)

 No 67.5 67.8 (66.7−68.9)

Susceptibility   

Susceptible to cigarettes

 Yes 26.4 26.1 (25.2−27.1)

 No 73.6 73.9 (72.9−74.8)

Behavioral risk factors   

Ever vaped

 Yes 11.3  11.3 (10.6−11.9)

 No 88.7 88.7 (88.1−89.4)

Ever used other tobacco products*

 Yes  4.4  4.3 (3.9−4.6)

 No 95.6 95.7 (95.4−96.1)

Used alcohol in past 12 months

 Yes 21.9 22.2 (21.1−23.3)

 No 78.2 77.8 (76.7−78.9)

Used marijuana in past 12 months

 Yes  3.5  3.4 (3.0−3.9)

 No 96.5 96.6 (96.1−97.0)

*Other tobacco products include cigar, pipe, hookah, snus, smokeless tobacco, bidi, kretek, and dissolvable tobacco.
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cluded. As we demonstrate with the use of four models, each 
adding significant risk factor variables (and in turn decreasing 
the aOR of e-cigarette use), inclusion of logical risk factors is 
important to interpreting the association between adolescent 
vaping and subsequent smoking.

The omission of important potential risk factors (such as 
marijuana use and other tobacco product use) might explain 
the significant associations between e-cigarette use and sub-
sequent cigarette smoking reported in other studies. Note 
that for past 12-month smoking (the most common meas-
ure of smoking in previous studies), our reported aORs in 
Model 1 range from 4.07–5.93 and in Model 2 from 2.28 
to 4.98. These findings, with susceptibility to smoking and 
other substance use (and exposure to tobacco users, in the 
case of Model 1)  omitted, are similar to the pooled results 
reported by Khouja et al.24 and Soneji et al.,23 4.59 (95% CI, 
3.60−5.85) and 3.50 (95% CI, 2.38−5.16), respectively. One 
previous study21 found that adding cigarette susceptibility or 
ever use of marijuana produced non-significant associations 
between ever e-cigarette use and subsequent past 30-day cig-
arette use (their supplemental eTable 4). However, while the 
authors stated that inclusion of these variables reduced the 
magnitude of the vaping-to-smoking odds ratio, they did not 
acknowledge that the relationship became non-significant.

With regard to 12-month smoking, there are a few possible 
explanations for the change over time in the significance of 
the vaping-to-smoking association in our most comprehen-
sive model (significant in the first three wave comparisons 
and non-significant in the last two). First, vaping prevalence 
greatly increased during our study period (2013–2019). 
Prevalence of current vaping among high school students in-
creased from 4.5%39 in 2013 to 27.5%3 in 2019. There are 
also changes in vapers and vaping products over time. Given 
the substantially increased popularity of e-cigarettes, early and 
later adopters of vaping might have different characteristics 
such as socioeconomic status, personalities and risk-seeking 
behaviors, all of which could influence subsequent trial of cig-
arettes. Vaping devices have also gone through rapid evolution, 
from the first generation devices of cig-a-likes to the third and 
fourth generation mod and pod devices.40 It is conceivable that 
these changes in e-cigarette devices have led to changes over 
time in the demographic and behavioral characteristics of ado-
lescent vapers, modifying the vaping-to-smoking association. 
Alternatively (or as well), it is possible that as e-cigarettes 
have become better nicotine delivery devices in recent years, 
young people were less inclined to try other nicotine products, 
including cigarettes. Other studies of youth e-cigarette users 
may have additional plausible explanations.

Table 2. Weighted Proportions of Baseline (Wave 4.5) Never Cigarette Smokers Using Cigarettes by Risk Factors (Excluding Sociodemographic 
Characteristics), PATH Study Wave 5 (N = 11 560)

Risk factors Past 12-month cigarette smoking  
(%, 95% CI)

Past 30-day cigarette smoking  
(%, 95% CI)

Ever vaped*

 Yes  9.4 (7.4−11.8)  3.2 (2.2−4.7)

 No  1.9 (1.7−2.3)  0.7 (0.5−0.9)

Exposure to tobacco users   

Family tobacco use

 Yes  4.8 (4.0−5.8)  1.8 (1.3−2.5)

 No  1.8 (1.5−2.1)  0.6 (0.4−0.8)

Secondhand smoke

 Yes  5.1 (4.1−6.4)  1.9 (1.3−2.6)

 No  1.7 (1.4−2.1)  0.6 (0.4−0.8)

Friends’ tobacco use

 Yes  5.8 (4.9−6.9)  3.2 (2.5−4.2)

 No  1.3 (1.0−1.6)  0.5 (0.4−0.8)

Susceptibility   

Susceptible to cigarettes  

 Yes  6.4 (5.4−7.6)  2.1 (1.5−2.8)

 No  1.3 (1.0−1.6)  0.4 (0.3-−0.7)

Behavioral risk factors   

Ever used other tobacco products**  

 Yes 13.7 (9.6−19.2)  4.2 (2.3−7.3)

 No  2.2 (1.9−2.6)  0.8 (0.6−1.0)

Used alcohol in past 12 months  

 Yes  5.9 (4.8−7.4)  2.1 (1.5−3.0)

 No  1.8 (1.5−2.1)  0.6 (0.4−0.8)

Used marijuana in past 12 months  

 Yes 10.3 (7.0−15.0)  4.2 (2.1−8.1)

 No  2.1 (1.8−2.4)  0.7 (0.6−0.9)

* All risk factors are significant at p < .001 using Pearson’s chi-squared test of independence.
** Other tobacco products include cigar, pipe, hookah, snus, smokeless tobacco, bidi, kretek, and dissolvable tobacco.
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Using prospective data and the same approach of 
multivariable logistic regressions as in previous studies, we 
have examined the longitudinal association between vaping 
and smoking. Although we do not directly investigate a  

possible causal relationship between vaping and smoking, 
our analysis, adjusting for an extensive list of confounders, 
can provide evidence to support whether such a relationship 
exists.41 As Khouja et al. pointed out, none of the prospective 

Table 4. Weighted Association of Ever E-Cig Use (Initial Wave) With Subsequent Past 30-Day Cigarette Use (Next Wave) Among US Youth in the PATH 
Study

Reported subsequent past 30-day cigarette smoking

Waves Model 1  
aOR (95% CI)

Model 2  
aOR (95% CI)

Model 3  
aOR (95% CI)

Model 4  
aOR (95% CI)

Waves 1–2 4.32  
(2.42−7.70)

3.74  
(2.04−6.84)

2.45  
(1.36−4.42)

1.41  
(0.64−3.09)

 p < .001 p < .001 p = .003 p = .39

Waves 2–3 5.71  
(3.11−10.49)

3.36  
(1.84−6.13)

2.80  
(1.58−4.96)

1.41  
(0.67−2.98)

 p < .001 p < .001 p = .001 p = .37

Waves 3–4 6.04  
(3.89−9.36)

3.72  
(2.43−5.68)

3.04  
(2.00−4.63)

2.16  
(1.18−3.97)

 p < .001 p < .001 p < .001 p = .01

Waves 4–4.5 4.14  
(2.71−6.32)

2.71  
(1.72−4.26)

2.30  
(1.45−3.66)

1.11  
(0.57−2.16)

 p < .001 p < .001 p = .001 p = .75

Waves 4.5–5 3.26  
(1.81−5.86)

1.78  
(1.01−3.11)

1.53  
(0.87−2.69)

1.21  
(0.59−2.48)

 p < .001 p = .05 p = .14 p = .60

Notes.
All bolded aORs are significant at p < .05.
Control variables in each model:
Model 1: Sociodemographic variables.
Model 2: Model 1 + exposure to tobacco users (family tobacco use, secondhand smoke, friends’ tobacco use).
Model 3: Model 2 + cigarette susceptibility.
Model 4: Model 3 + behavioral risk factors (ever use of other tobacco products, past 12-month use of alcohol and marijuana).

Table 3. Weighted Association of Ever E-Cig Use (Initial Wave) With Subsequent Past 12-Month Cigarette Use (Next Wave) Among US Youth in the 
PATH Study

Reported subsequent past 12-month cigarette smoking

Waves Model 1  
aOR (95% CI)

Model 2  
aOR (95% CI)

Model 3  
aOR (95% CI)

Model 4  
aOR (95% CI)

Waves 1–2 5.55  
(3.87−7.97)

4.98  
(3.38−7.34)

3.34  
(2.24−4.98)

2.09  
(1.26−3.48)

 p < .001 p < .001 p < .001 p = .005

Waves 2–3 5.93  
(4.07−8.63)

3.61  
(2.46−5.29)

2.95  
(2.03−4.28)

2.10  
(1.33−3.30)

 p < .001 p < .001 p < .001 p = .002

Waves 3–4 5.53  
(4.11−7.44)

3.77  
(2.80−5.07)

3.16  
(2.36−4.23)

2.25  
(1.55−3.27)

 p < .001 p < .001 p < .001 p < .001

Waves 4–4.5 4.96  
(3.66−6.72)

3.29  
(2.38−4.56)

2.71  
(1.99−3.68)

1.40  
(0.91−2.14)

 p < .001 p < .001 p < .001 p =.12

Waves 4.5–5 4.07  
(2.86−5.81)

2.28  
(1.60−3.25)

1.92  
(1.34−2.75)

1.35  
(0.84−2.16)

 p < .001 p < .001 p < .001 p = .22

Notes.
All bolded aORs are significant at p < .05.
Control variables in each model:
Model 1: Sociodemographic variables.
Model 2: Model 1 + exposure to tobacco users (family tobacco use, secondhand smoke, friends’ tobacco use).
Model 3: Model 2 + cigarette susceptibility.
Model 4: Model 3 + behavioral risk factors (ever use of other tobacco products, past 12-month use of alcohol and marijuana).



716 Sun et al.

studies they examined satisfied all four preselected Bradford-
Hill criteria for causality.24 Our study does not meet all four 
criteria either, but we are the first study to provide some stat-
istical evidence consistent with the common liability theory.

This said, this new evidence cannot be interpreted as 
“proving” the common liability theory. In the most recent 
waves (waves 4–4.5 and 4.5–5), we report no direct associ-
ation between ever vaping and subsequent cigarette smoking 
among adolescents in our Model 4.  It is possible, however, 
that vaping behaviors could affect cigarette smoking through 
other channels indirectly.42 There are complex causal path-
ways operating here, and the direction of these may vary over 
time. Randomized controlled trials are generally considered 
the strongest study design in examining causal inferences, but 
they are unethical in this case. There are a few challenges in 
revealing these pathways using observational data. First, as 
with many other longitudinal datasets, PATH does not permit 
examination of the order of risky behaviors, making it impos-
sible to identify any proposed sequence of causality. Even if it 
did, this would not resolve the issue of causality. Unmeasured 
confounders, such as a particular personality type or an 
underlying mental health issue, may affect both vaping and 
smoking, causing youth to start experimenting with the prod-
uct that is more readily available, convenient, or socially ac-
ceptable. This said, the question is sufficiently important that 
future research should strive to characterize plausible causal 
pathways and attempt to assess which one(s) receive strong 
empirical support.

With regard to the prospective study literature, precisely 
because some of our results differ from those of the previous 
studies,6–22 future research is needed to either support or refute 
our findings. However, the critical question about the vaping-
to-smoking association is not whether e-cigarette use leads 
to trial of cigarettes—the issue on which virtually all studies 
have focused to date, including this one—but rather whether 
the popularity of vaping will eventually increase smoking. 
In their recent study, Pierce and colleagues43 concluded that, 
“The recent large increase in e-cigarette use will likely reverse 
the decline in cigarette smoking among US young adults.” To 
date, the evidence does not support that conclusion: youth 
and young adult smoking have declined rapidly during the 
era of youth vaping.44,45 Further, Shahab and colleagues46 es-
timated that less than 1% of US adolescents who initiated 
nicotine or tobacco use with e-cigarettes became established 
smokers. None of these studies is the proverbial crystal ball. 
We need to closely monitor adolescent vaping and smoking 
behaviors going forward.

Limitations
We were unable to include one risk factor found in many 
other studies: a psychosocial measure of sensation seeking. 
PATH includes questions on sensation seeking but poses them 
only to new participants in each wave. As such, we could not 
get a consistent measure for respondents across waves. Given 
our inclusion of both a measure of susceptibility to smok-
ing and use of other psychoactive substances, this omission 
would be unlikely to affect our findings.

We excluded from our analysis individuals who aged out 
of the follow-up adolescent survey by having turned 18. The 
vaping-to-smoking association might change in magnitude or 
statistical significance with these aged-up young adults added.

The longitudinal nature of PATH data generates a poten-
tial selection bias because certain participants contributed to 

multiple waves of data. This bias should be attenuated in our 
study, however, since (1) with sample weights, we created na-
tionally representative samples; (2) we do not compare pre-
cise empirical findings across sets of waves; and (3) a replen-
ishment sample was added in wave 4, constituting 40% of 
that year’s sample.

Another limitation is the potential issue of overfitting with 
our added control variables. In Supplement eTable 6, we list 
the limiting sample size (number of occurrences of the less 
common event) for each wave of our analysis, using past 
12-month and past 30-day cigarette smoking as the outcome, 
respectively. The limiting sample sizes for past 12-month cig-
arette use exceed the minimal numbers needed for logistic re-
gressions to produce good estimates. However, non-significant 
results from past 30-day cigarette use may reflect overfitting 
due to sample size limitations.47

Also, our findings depend on the reliability and validity of 
PATH’s self-reported data. Tourangeau et al.48 re-interviewed 
a subset of adults and youth from PATH wave 4 and then fol-
lowed self-report responses with saliva samples, concluding that 
the self-report data on tobacco use are both reliable and valid. 
More generally, Bachman et al.49 (pp. 42–45) reviewed a sub-
stantial body of evidence regarding multiple surveys of youth 
self-reporting of drug use, including tobacco use, and found 
that the evidence supports the validity of the self-reported data.

Conclusions
We found that among adolescent never-smokers, those who 
had ever used e-cigarettes at baseline, compared with never 
e-cigarette users, exhibited modest or non-significant in-
creases in subsequent smoking when we adjusted for a more 
complete set of risk factors. These findings offer a new empir-
ical perspective on the debate as to whether e-cigarette use by 
adolescents is associated with subsequent cigarette use.
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