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Abstract

Background and Aims—The implications of the rapid rise in electronic cigarette (e-cigarette) 

use remain unknown. We examined mutual associations between e-cigarette use, conventional 

cigarette use, and nicotine dependence over time to 1) test the association between e-cigarette use 

and later conventional smoking (both direct and via nicotine dependence), 2) test the converse 

associations, and 3) determine the strongest pathways predicting each product’s use.

Design—Data from 4 annual waves of a prospective cohort study were analyzed. Path analysis 

modeled the bi-directional, longitudinal relationships between past-month smoking frequency, 

past-month e-cigarette frequency, and nicotine dependence.

Setting—Chicago area, Illinois, USA.

Participants—N=1007 young adult smokers and nonsmokers (ages 19–23).

Measurements—Frequency of 1) cigarettes and 2) e-cigarettes was the number of days in the 

past 30 on which the product was used. The Nicotine Dependence Syndrome Scale measured 

nicotine dependence to cigarettes.

Findings—E-cigarette use was not significantly associated with later conventional smoking, 

either directly (β=0.021, p=.081) or through nicotine dependence (β=0.005, p=.693). Conventional 

smoking was positively associated with later e-cigarette use, both directly (β=0.118, p<.001) and 

through nicotine dependence (β=0.139, p<.001). The strongest predictors of each product’s use 

was prior use of the same product; this pathway was strong for conventional cigarettes (β=0.604, 

p<.001) but weak for e-cigarettes (β=0.120, p<.001). Nicotine dependence moderately strongly 

predicted later conventional smoking (β=0.169, p<.001), but was a weak predictor of later e-

cigarette use (β=0.069, p=.039).
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Conclusions—Nicotine dependence is not a significant mechanism for e-cigarettes’ purported 

effect on heavier future conventional smoking among young adults. Nicotine dependence may be a 

mechanism for increases in e-cigarette use among heavier conventional smokers, consistent with e-

cigarettes as a smoking reduction tool. Overall, conventional smoking, and to a lesser extent its 

resulting nicotine dependence, are the strongest drivers or signals of later cigarette and e-cigarette 

use.

INTRODUCTION

Electronic cigarette (e-cigarette) use has shown a drastic and rapid increase in recent years in 

the United States, especially among youth, which is accompanied by a decline in 

conventional cigarette use (1, 2). In fact, e-cigarette use has far surpassed conventional 

cigarette use among some groups (2), and is perceived as the least risky of all substances (1). 

The lack of long-term data for this recent trend has led to considerable debate about e-

cigarettes’ impact on overall tobacco use and addiction.

In particular, some have raised concerns about e-cigarettes acting as a “gateway” (3) to 

conventional tobacco use (2, 4–6). For example, 10–40% of adolescent e-cigarette users 

have never tried a conventional cigarette (2, 7), and adolescents who initiate with e-

cigarettes are 2–3 times more likely to use conventional cigarettes in the future (8, 9). Using 

these and similar statistics, some have concluded that e-cigarettes represent a real public 

health risk due to subsequent increased tobacco use, possibly via increased nicotine 

dependence (10–13). However, with limitations of available data, it remains unclear whether 

e-cigarettes attract distinct, new populations of tobacco users (10, 12, 13), or whether e-

cigarette users are already, or would have been, users of conventional cigarettes anyway 

(14). Another possibility is that e-cigarettes may divert from conventional cigarettes, in (not 

necessarily successful) attempts to reduce or quit smoking (15, 16), or even for primary 

prevention of conventional smoking (17).

A vital, yet understudied, element of e-cigarettes’ impact is nicotine dependence. Nicotine 

dependence remains a primary driver of chronic tobacco use (18, 19), and is assumed to be a 

mediator between e-cigarette use and conventional smoking in several of these hypotheses. 

For example, most versions of the “gateway” hypothesis postulate that the development of 

nicotine dependence via e-cigarettes promotes later conventional smoking (3); and harm 

reduction hypotheses implicitly assume that nicotine dependence drives consumption of 

some form of tobacco product (17, 20, 21). However, the common, underlying hypothesis of 

nicotine dependence as a mediator has not been rigorously tested to our knowledge. A 

further complicating factor is the mutual dependency among tobacco use and nicotine 

dependence (22, 23), which makes it difficult to isolate individual pathways (e.g. whether 

tobacco use drives nicotine dependence more than nicotine dependence drives tobacco use) 

using conventional analyses.

The current study examines the longitudinal relationships between conventional cigarette 

use, e-cigarette use, and nicotine dependence using a path analysis model, a version of 

structural equation modeling. All possible autoregressive (same variable predicting itself in 

the future) and cross-lagged (a variable predicting another variable in the future) 
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relationships among these variables were modeled across 4 time waves (Figure 1), using 

data from a longitudinal cohort of young adult novice/light smokers and nonsmokers 

(regular e-cigarette use was rare among this sample). This type of model offers substantial 

benefits over standard regression analyses in that it parses out different components of a 

relationship and allows for bi-directional associations, rather than artificially imposing a 

one-directional relationship. This study aimed to test 1) whether e-cigarette use is associated 

with (positive or negative) differences in later conventional smoking, either directly or 

through nicotine dependence as a mediator; 2) whether conventional cigarette use is 

associated with differences in later e-cigarette use, either directly or via nicotine 

dependence; and 3) the relative strengths of the pathways predicting e-cigarette and 

conventional cigarette use.

METHODS

Sample

Data were drawn from the previously described Social and Emotional Contexts of 

Adolescent Smoking Patterns (SECASP) Study (24). Briefly, 9th and 10th grade students at 

16 high schools in the greater Chicago metropolitan area were given a brief screener survey; 

all novice (<100 cigarettes/lifetime) and current “light smokers” (under ≤5 cigarettes/day), 

as well as random samples of non-smokers, were invited to participate. Of 3,654 students 

invited, 1263 provided their own or their parent’s consent, and completed the baseline 

survey in 2006.

Follow-up surveys were administered approximately annually over 8 years after the baseline 

survey. Due to questions about e-cigarettes not being present in earlier waves, the current 

study uses data from the 5-, 6-, 7-, and 8-year follow up surveys (approximate ages 19.6–

23.6). Retention at 5 years after baseline was 81.2% (N=1026), and at 8 years was 79.7% 

(N=1007). Females had higher retention at 8 years than males (86.7% vs. 70.4%, p<.001). 

Those who were missing at 8 years reported more frequent smoking at baseline (M=4.8 vs. 

3.6 days in the past 30, p=.032). Nicotine dependence had a high proportion of missing data 

which increased over time (approximately 34–47%). Demographic and smoking 

characteristics for the sample are shown in Table 1.

Measures

Conventional cigarette use was measured with past-month smoking frequency at each wave 

(“Now think about the past 30 days. On how many days did you smoke or try cigarettes?”) 

Original response categories were 0, 1, 2–3, 4–5, 6–7, 8–10, 11–20, 21–29, and all 30 days. 

This was coded as a numeric variable using the midpoint of each category.

E-cigarette use was also measured with past-month frequency of use at each wave (“During 

the past 30 days, on how many days did you use e-cigarettes?”). Original response 

categories were 1–2, 3–5, 6–9, 10–19, 20–29, and all 30 days. This was coded as a numeric 

variable using the midpoint of each category, and those who did not use e-cigarettes were 

coded as 0.
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Nicotine dependence symptoms were measured using a version of the Nicotine Dependence 

Syndrome Scale (NDSS) (25) which was psychometrically validated for use in adolescent 

cigarette smokers (26, 27) and was shortened to 10 items that mainly reflect “drive” and 

“tolerance” subscales. These 10 items were assessed on a 4-point scale and were averaged 

into a combined NDSS score. Participants who did not report smoking at least 1 puff in their 

lifetime were coded as the minimum NDSS score.

Analyses

First, we examined the stability of both e-cigarette use and dual use (e-cigarettes and 

conventional cigarettes together) by analyzing the proportion of users reporting past-month 

use across each wave.

A cross-lagged model examining the bi-directional relationships between smoking behavior, 

e-cigarette use, and nicotine dependence across 4 waves of data collection (5-, 6-, 7-, and 8-

year follow-up assessments) was constructed as a path analysis model in AMOS, version 

23.0.0. Between each pair of consecutive waves, 3 autoregressive relationships and 6 cross-

lagged relationship between each combination of smoking frequency, e-cigarette frequency, 

and NDSS were modeled (Figure 1). Due to considerations of model parsimony, other risk 

factors were not included, and all variables were modeled as observed rather than latent 

variables.

Standardized coefficients were obtained by running models on normalized variables, in order 

to allow comparison of regression coefficients across different paths. AMOS automatically 

handles missing data through full-information maximum likelihood (FIML): all information 

from available variables (e.g. mean, variance) is used to estimate a likelihood function for 

each participant (28). FIML assumes missing-at-random (MAR) data given all other 

variables in the model, a correct model, and normally-distributed residuals. Models were 

analyzed using several fit statistics. Since the χ2 goodness-of-fit index is overly sensitive to 

sample size, we also considered adjusted χ2 (χ2/d.f.; values under 5 indicate good fit) (29), 

Tucker-Lewis Index (TLI; values above 0.9 indicate good fit) (30), comparative fit index 

(CFI; values above 0.95 indicate good fit) (31), and the root-mean-square error of 

approximation (RMSEA; values under 0.06 indicate good fit (30) and values under 0.08 

indicate reasonable fit (32)).

Preliminary analyses (not shown) examined nested models to test whether the regression 

coefficients in all paths under each category of relationships should be equal or permitted to 

vary across pairs of time waves, as done elsewhere (23). Based on the fit statistics, the best-

fitting model was the one in which each of 9 types of relationships were constrained to be 

equal across consecutive waves (e.g. the regression coefficient for prior smoking behavior to 

later NDSS from wave 5 to 6 is equal to the regression coefficients for prior smoking 

behavior to later NDSS from wave 6 to 7, and wave 7 to 8).

Aim 1 was addressed by examining the cross-lagged paths from e-cigarette use to later 

conventional smoking and nicotine dependence; Aim 2 by the cross-lagged paths from 

conventional smoking to later e-cigarette use and nicotine dependence; and Aim 3 by 

comparing all 3 predictors for both conventional smoking and e-cigarettes.
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Follow-up analyses were also performed to test the importance of each type of pathway to 

the overall model. The main model was compared with nested models in which the 

coefficients of each of the 6 cross-lagged relationships and the 3 autoregressive relationships 

were constrained to 0, forcing that specific relationship to be excluded from the model. 

Results were interpreted in terms of the χ2 difference test, in which a significant difference 

indicates a worse model fit. Due to the oversensitivity of χ2 to sample size, Cohen’s w effect 

size, where w<0.10, 0.30, and 0.50 for small, medium and large effects, respectively (33), 

was also calculated to quantify the effect size of the differences in models:

RESULTS

The sample contained N=299 participants who reported past-month e-cigarette use at any of 

the four waves. Of these, the majority (N=164, 62.8%) reported past-month use at only one 

wave; 76 (29.1%) reported past-month use at two waves; 16 (6.1%) reported past-month use 

at three waves; and only 5 (1.9%) reported past-month use at all four waves. The trends in 

dual use were similar: of N=254 participants who reported using both cigarettes and e-

cigarettes in the past month at least one time during the four assessments, the majority 

(N=138, 62.1%) reported past-month dual use at only one wave; 68 (30.6%) reported past-

month dual use at two waves; 13 (5.89%) reported past-month dual use at three waves; and 

only 3 reported past-month dual use at all four waves. Together, these trends show that while 

e-cigarette use increased across time, this primarily represents different users at each 

assessment wave, with very few consistent users.

The path model demonstrated a high χ2 goodness-of-fit and adjusted χ2 (χ2(46)=384.8, χ2/

d.f.=8.6, both p<.001), but several other fit indices indicated an acceptable fit (TLI=.915, 

CFI=.951, RMSEA=.077). Figure 2 and Table 2 present the results of the path model by 

displaying the magnitude of each standardized regression coefficient as line thickness. That 

is, the thickest lines represent the strongest relationships (prior nicotine dependence to later 

nicotine dependence; prior smoking frequency to later smoking frequency; and prior 

nicotine dependence to later smoking frequency), and the thinnest lines represent the 

weakest relationships (prior e-cigarette frequency to later smoking frequency; prior NDSS to 

later e-cigarette frequency). All paths except two (prior e-cigarette frequency to later NDSS, 

and prior e-cigarette frequency to later conventional smoking frequency) had significant 

regression coefficients (p<.05).

Interpreting these results with respect to the aims of the study, e-cigarette use was weakly 

and non-significantly associated with later smoking behavior, both directly (β=0.021, p=.

081) and mediated through nicotine dependence (β=0.005, p=.693) (Aim 1), as shown by the 

non-significant coefficient and small effect size for each path. In contrast, conventional 

smoking was weakly associated with later e-cigarette use, both directly (β=0.118, p<.001) 

and through nicotine dependence (β=0.139, p<.001) (Aim 2). Finally, conventional smoking 

was strongly predicted by prior conventional smoking (β=0.604, p<.001), and weakly-to-

moderately by prior nicotine dependence (β=0.169, p<.001), while e-cigarette use was 
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weakly predicted by prior e-cigarette use (β=0.120, p<.001), prior conventional smoking 

(β=0.118, p<.001), and prior nicotine dependence (β=0.069, p=.039) (Aim 3).

The nested model comparisons (Table 3) confirm the main findings of the full model. 

Specifically, the model fit did not suffer from eliminating the contribution of e-cigarettes to 

either (1) later conventional smoking (Cohen’s w=.05, p=.112) or (2) later nicotine 

dependence (w=.01, p=.648), indicating that these paths do not significantly contribute to the 

overall model. These results again fail to show that e-cigarette use is associated with changes 

in later conventional smoking, either directly or via nicotine dependence (Aim 1).

Eliminating the direct effect of conventional smoking behavior on later e-cigarette use 

weakly but significantly worsened the model fit (w=.12, p<.001), and eliminating the 

mediation path through nicotine dependence yielded a slightly larger reduction in fit (w=.22, 

p<.001). This indicates that the direct and mediated effects of conventional smoking on later 

e-cigarette use (Aim 2) are important pathways in the overall model.

Finally, removing the path from prior NDSS to conventional smoking moderately worsened 

the model fit (w=0.27, p<.001), while removing the autoregressive path from prior smoking 

more weakly worsened the fit (w=0.16, p<.001). This indicates that prior NDSS and, to a 

lesser extent prior smoking frequency, were the most important paths predicting 

conventional smoking (Aim 3). Of the paths to e-cigarette use, the autoregressive path 

(w=0.09, p<.001) and the path emerging from prior nicotine dependence (w=0.07, p=.020) 

significantly worsened the model fit when removed, but removing the path from prior 

conventional smoking (w=0.12, p=.112) did not. This indicates that nicotine dependence and 

prior e-cigarette use are important pathways predicting e-cigarette use (Aim 3). Also 

noteworthy is the observation that the path from conventional smoking to later NDSS was 

important to the model, as indicated by the small-to-medium effect that their removal had on 

worsening the model fit (w=0.22, p<.001).

DISCUSSION

This study examined the feed-forward and reciprocal relationships of e-cigarette use, 

conventional smoking, and nicotine dependence across 4 years among a sample of young 

adult smokers and nonsmokers, with a particular interest in testing nicotine dependence as a 

mediator of cross-tobacco product associations. E-cigarette use was not signifcantly 

associated with changes in later conventional smoking, either directly or through nicotine 

dependence. In contrast, conventional smoking was associated with later e-cigarette use, 

both directly and via increased nicotine dependence. However, the most dominant 

relationships in the model were the autoregressive relationships, and to a lesser extent the 

cross-lagged relationships between conventional smoking and nicotine dependence. 

Together, these findings suggest that nicotine dependence mediates the transition from 

conventional cigarettes to e-cigarettes, but not vice versa; and that conventional smoking and 

nicotine dependence are the dominant pathways signaling future e-cigarette use, rather than 

vice versa. It is important to note that these relationships cannot be assumed to be causal, 

due to potential confounding by other risk factors for tobacco use.
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The finding that e-cigarette use did not predict later conventional smoking and nicotine 

dependence raises doubts about their hypothesized effects on tobacco use. More specifically, 

we find no evidence for the key assumption underlying several different (often competing) 

accounts that nicotine dependence mediates transitions between tobacco products. For 

example, our findings do not validate the concern that e-cigarettes increase tobacco use via 

the development of nicotine dependence; nor do they support the idea that e-cigarettes are 

successful at decreasing conventional smoking via nicotine replacement. However, it is 

possible that several hypothesized mechanisms are taking place simultaneously in our 

sample, with some participants becoming tobacco users after becoming nicotine-addicted 

from e-cigarettes, others diversifying with e-cigarettes in order to reduce or quit 

conventional cigarettes, and still others using e-cigarettes to prevent conventional smoking 

altogether. Our findings are unable to test whether the null finding in the combined sample 

consists of such different subgroups with opposing effects.

In our overall model, conventional smoking was the strongest signal of subsequent smoking, 

e-cigarette use, and nicotine dependence. Notably, the pathway from conventional smoking 

to future e-cigarette use was mediated by nicotine dependence. This lends support to the 

smoking reduction and/or harm reduction hypotheses in which tobacco users transition away 

from conventional cigarettes to e-cigarettes. However, our findings do not support the 

success of this method in actually reducing subsequent conventional smoking over the time 

period examined.

The current study is consistent with prior research showing dual-use of e-cigarettes and 

conventional cigarettes among young adults (2). Additionally, these findings confirm the 

limited number of studies that have examined the bi-directional relationships between 

nicotine dependence and smoking behavior (22, 23), in showing that conventional cigarette 

use drives later nicotine dependence more than vice versa.

However, these findings fail to support other findings on the risks of e-cigarette use. For 

example, e-cigarette use has been found to predict increased conventional cigarette use in the 

future (8–10). One reason for this discrepancy could be that much previous research has 

looked at smoking initiation among adolescent e-cigarette users, while our study examines 

relationships between tobacco products among young adults, many of whom were 

established conventional smokers and did not use e-cigarettes regularly. Limitations of the 

current sample are further discussed below.

More generally, the current study calls into question the concerns that e-cigarettes pose a 

risk for later conventional smoking. For example, while those who use e-cigarettes may be 

more likely to initiate conventional smoking in the future (10, 12, 13), a possible explanation 

is that adolescents or young adults who use e-cigarettes are already using, or would have 

gone on to use, conventional cigarettes anyway. In support of this, overall tobacco use has 

remained constant among youth/late adolescents over the last several years in the U.S., 

despite the decrease in conventional cigarette use and concurrent increase in e-cigarette use 

(1). Further, the proportions of actual and potential e-cigarette users are higher among 

conventional smokers than among non-smokers (6, 34). This explanation is also consistent 

with the current findings in that the overwhelming majority of e-cigarette users in this 
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sample also smoked conventional cigarettes concurrently. Moreover, we find no evidence 

that e-cigarettes increase nicotine dependence, raising doubts that e-cigarettes have a causal 

effect on later tobacco use through this mechanism. Taken together, these findings raise the 

possibility that adolescent tobacco users are increasingly initiating with e-cigarettes, 

possibly due to their lower perceived health risks, higher social acceptance, and easier 

accessibility (5, 35–37). Increased initiation with e-cigarettes may be replacing, rather than 

adding to, initiation with conventional cigarettes, perhaps even for primary prevention of 

conventional smoking (17). Further research is needed to rigorously examine this hypothesis 

using longitudinal data among adolescent users and non-users of tobacco.

This study also furthers the literature in important ways. Many existing studies examining 

dual use of conventional cigarettes and e-cigarettes fail to explicitly account for nicotine 

dependence, which is an important driver of future tobacco use (19, 24) and is central to the 

assumed mechanism underlying various accounts of e-cigarettes’ effect on conventional 

smoking (10–12, 17, 20, 21). Additionally, there are few longitudinal studies on e-cigarettes 

to date due to the recency of this trend. The current study adds significantly to this new body 

of literature by rigorously analyzing the mutual, positive feedback relationships between 

conventional cigarette use, e-cigarette use, and nicotine dependence over several time points.

Limitations

These findings should be interpreted within the context of several limitations. First, the data 

capture the very early years (2011–2015) of the recent rise in e-cigarette use, and the current 

findings may not reflect stable effects given the increasing popularity of e-cigarettes. 

Second, although these analysis examine temporality of relationships and impose a causal 

model, we cannot conclude from this analysis that significant pathways are truly causal. 

Third, the current study does not include other important signals and/or drivers of tobacco 

use such as risk-seeking behavior, risk perceptions of substances, mental health 

comorbidities, and other substance use. Fourth, missing data was associated with heavier 

prior smoking and nicotine dependence, in violation of the MAR assumption; however, 

follow-up analyses using multiple imputation showed very similar results (not shown). 

Finally, the current sample may have limited generalizability: participants were selected 

based on susceptibility to conventional cigarette use prior to the rise in e-cigarette usage, and 

are not necessarily representative of e-cigarette users in general. For example, these data 

contained primarily smokers among whom regular e-cigarette use was rare. Additionally, 

since this sample was entering early adulthood during the rise in e-cigarette use, it is 

possible that they were less vulnerable to any possible influences on conventional cigarette 

use; thus, it is possible that e-cigarettes could pose a stronger risk among younger 

adolescents whose tobacco use habits have not yet been formed. However, until more up-to-

date longitudinal data on e-cigarettes become available, this sample is among the best 

available which can examine the mutual relationships between e-cigarette use, and 

conventional cigarette use, and nicotine dependence.

Strengths

This study has a number of strengths. First, considering the lack of existing longitudinal data 

on e-cigarettes, the SECASP data allow a novel and important examination of these trends 
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among a substantial sample of young adult tobacco users across 4 years. Second, the use of 

path analysis to examine an autoregressive, cross-lagged model allows a separation of the 

many mutual relationships between these variables. This approach offers an enormous 

advantage over conventional analyses, which artificially impose a uni-directional 

relationship examining a single outcome variable.

Conclusions

This study fails to support a common hypothesis that nicotine dependence mediates the 

effect of e-cigarettes on future conventional smoking. By extension, this raises doubts about 

concerns that e-cigarettes either introduce a risk for later cigarette use via nicotine 

dependence. Similarly, e-cigarettes do not appear to be effective for nicotine replacement 

and subsequent smoking reduction/cessation, although smokers may be (unsuccessfully) 

using them for this purpose. Conventional smoking and nicotine dependence are the primary 

drivers of the overall dynamics of cigarette and e-cigarette use.
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Figure 1. Full path analysis model
Observed variables are shown in rectangles and unobserved variables (error terms) are 

shown in circles. Similar variables are presented in rows, and variables from the same 

assessment wave are shown in columns. Gray, curved lines represent covariances. Straight 

lines represent regression relationships, and are organized into categories based on line type.
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Figure 2. Path analysis results
Regression coefficients are presented in proportion to line thickness (font size = 10 × β 
coefficient). Solid lines represent significant regression coefficients (p<.05) and dot-dash 

lines represent nonsignificant coefficients. For clarity, covariances and error terms are not 

presented here.
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Table 1

Demographic and Smoking Characteristics for Analytic Sample (N=1007)

Characteristic Summary a Number of Individuals with Missing Dataa

Smoking status at baseline 0 (0.0%)

 Nonsmoker 190 (18.9%)

 Experimenter b 704 (69.9%)

 Light smoker c 113 (11.2%)

Sex 0 (0.0%)

 Female 621 (61.7%)

 Male 386 (38.3%)

Race/ethnicity 0 (0.0%)

 White 744 (73.9%)

 Non-White 263 (26.1%)

Age at 8-year follow-up 23.6 (0.6) 0 (0.0%)

Past-month smoking frequency

 Any smoking in past month

  5-year follow-up 504 (54.1%) 76 (7.5%)

  6-year follow-up 492 (51.3%) 48 (4.8%)

  7-year follow-up 468 (48.3%) 38 (3.8%)

  8-year follow-up 402 (39.9%) 0 (0.0%)

 Among recent smokers, # days smoked/30

  5-year follow-up 20 (5 – 30) 76 (7.5%)

  6-year follow-up 24 (5 – 30) 48 (4.8%)

  7-year follow-up 25 (6 – 30) 38 (3.8%)

  8-year follow-up 25 (7 – 30) 0 (0.0%)

Past-month e-cig frequency

 Any e-cig use in past month

  5-year follow-up 63 (6.8%) 77 (7.6%)

  6-year follow-up 86 (9.1%) 62 (6.2%)

  7-year follow-up 170 (17.8%) 52 (5.2%)

  8-year follow-up 108 (10.7%) 0 (0.0%)

 Among recent users, # days used/30

  5-year follow-up 1.5 (1.5 – 1.5) 77 (7.6%)

  6-year follow-up 1.5 (1.5 – 7.5) 62 (6.2%)

  7-year follow-up 1.5 (1.5 – 7.5) 52 (5.2%)

  8-year follow-up 7.5 (1.5 – 7.5) 0 (0.0%)

Nicotine Dependence Syndrome Scale Score

  5-year follow-up 1.4 (1 – 2.4) 341 (33.9%)

  6-year follow-up 1.4 (1 – 2.5) 370 (36.7%)
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Characteristic Summary a Number of Individuals with Missing Dataa

  7-year follow-up 1.5 (1.0 – 2.6) 413 (41.0%)

  8-year follow-up 1.7 (1.0 – 2.7) 477 (47.3%)

a
Categorical variables are summarized as N (valid percentage) and continuous variables are summarized as median (interquartile range).

b
Smoked under 100 cigarettes/lifetime, and includes both former experimenters (did not smoke in the past 90 days; N=244) and current 

experimenters (smoked in the past 90 days; N=460).

c
Smoked 100 cigarettes/lifetime or more and smoked within the past 30 days, but smoked 5 or fewer cigarettes per day.
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Table 2

Detailed path analysis results for main modela.

Path β 95% CI p-value

Autoregressive relationships

 Prior smoking freq. to later smoking freq. 0.604 0.56 – 0.640.58 <.001

 Prior NDSS to later NDSS 0.629 −0.67 <.001

 Prior e-cigarette freq. to later e-cigarette freq. 0.120 0.08 – 0.16 <.001

Determinants of nicotine dependence

 Prior smoking freq. to later NDSS 0.139 0.10 – 0.18 <.001

 Prior e-cigarette freq. to later NDSS 0.005 −0.02 – 0.03 .693

Effects of nicotine dependence

 Prior NDSS to later smoking freq. 0.169 0.13 – 0.21 <.001

 Prior NDSS to later e-cigarette freq. 0.069 0.00 – 0.13 .039

Dual-use relationship

 Prior smoking freq. to later e-cigarette freq. 0.118 0.06 – 0.18 <.001

 Prior e-cigarette freq. to later smoking freq. 0.021 −0.00 – 0.04 .081

a
For each relationship category (rows) and individual type of path (sub-rows), the standardized coefficient (β), 95% confidence interval (CI), and p-

value are shown based on the main model in Figure 2 (all equivalent paths are constrained to be equal across consecutive pairs of time waves). 
NDSS: Nicotine Dependence Syndrome Scale score. Bold: p<.05
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Table 3

Nested model comparisons testing the contribution of each cross-lagged relationship to the full model.

Relationship constrained to 0 Δd.f. Δχ2 p Cohen’s w

Autoregressive relationships

 Prior smoking freq. to later smoking freq. 1 25.347 <.001 0.16

 Prior NDSS to later NDSS 1 7.811 <.001 0.09

 Prior e-cigarette freq. to later e-cigarette freq. 1 8.341 <.001 0.09

Determinants of nicotine dependence

 Prior smoking freq. to later NDSS 1 48.723 <.001 0.22

 Prior e-cigarette freq. to later NDSS 1 0.209 .648 0.01

Effects of nicotine dependence

 Prior NDSS to later smoking freq. 1 75.188 <.001 0.27

 Prior NDSS to later e-cigarette freq. 1 5.392 .020 0.07

Dual-use relationship

 Prior smoking freq. to later e-cigarette freq. 1 15.385 <.001 0.12

 Prior e-cigarette freq. to later smoking freq. 1 2.533 .112 0.05

Bold: p<.05
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