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Abstract

Background: Depression symptoms are associated with the initiation of cigarette smoking and
progression to regular use. Whether similar relationships exist between depression symptoms and
adolescent e-cigarette progression has not been firmly established.

Methods: This prospective longitudinal survey study measured the relationship between
depression symptoms and e-cigarette use among 1822 adolescents from four public high schools
outside of Philadelphia, PA. Adolescents completed in-classroom surveys at wave 1 (fall 2016, 9th
grade) and 6-month intervals for the following 36 months (fall 2019, 12t grade). E-cigarette use,
depression symptoms, and potential covariates were measured at each wave. A latent growth curve
model was used to assess the longitudinal relationship between e-cigarette use and depression
symptoms.

Results: Baseline depressive symptoms had a significant effect on e-cigarette use trend (b=0.01,
7=4.29, p < 0.0001) while holding other variables constant. A standard deviation increase in
depressive symptoms at baseline was associated with a 0.25 standard deviation increase in the
rate of e-cigarette progression across the following 36 months. By contrast, the path from baseline
e-cigarette use to depressive symptoms trend was not significant (p= 0.74).

Conclusions: The present study provides new evidence for the effects of depression symptoms
on adolescent e-cigarette progression. Greater depressive symptoms at age 14 years old were
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associated with a faster rate of e-cigarette escalation. However, e-cigarette use was not related to
the development of depression symptoms over time. It will be important to examine whether
adolescents with elevated depression symptoms respond similarly to e-cigarette prevention
campaigns as adolescents in general.
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adolescent; e-cigarette; depression; longitudinal studies

1. INTRODUCTION

Over the past decade, the percentage of adolescents reporting current (past 30-day) e-
cigarette use increased from less than two percent to about 20%, making e-cigarettes the
most commonly used tobacco product among adolescents (Gentzke et al., 2020; Substance
Abuse and Mental Health Services Administration, 2020). E-cigarettes expose adolescents to
nicotine, negatively impacting cognitive functions and increasing the likelihood of becoming
nicotine dependent (DeBry & Tiffany, 2008; Demissie et al., 2017; Dwyer et al., 2009;
Jacobsen et al., 2005; Musso et al., 2007; Vogel et al., 2020).

Depression among youth also poses a public health concern. The overwhelming majority
(82%) of youth who received mental health care in 2018 and 2019 were treated for
depressive symptoms (Merikangas et al., 2010; Mojtabai & Olfson, 2020). Rates of major
depression doubled from 8% to 16% over the past decade, and almost one-third of high
school students report depression symptoms (Centers for Disease Control and Prevention,
2020). Only 43% of youth with depression receive treatment for their symptoms (Substance
Abuse and Mental Health Services Administration, 2020).

Depression often co-occurs with adolescent tobacco use. While the nature of the causal
relationship remains inconclusive, studies have documented associations between adolescent
depression, smoking initiation, and progression to regular use (Fluharty et al., 2017,
Fuemmeler et al., 2013; Mathew et al., 2017; Shahwan et al., 2019). It is thought that
nicotine may normalize mood by increasing positive affect while decreasing negative affect,
especially in individuals already prone to depression (Audrain-McGovern et al., 2014).
Whether similar relationships exist between depression symptoms and adolescent e-cigarette
progression has not been firmly established. Most studies to date have been cross-sectional
and or measured lifetime but not current e-cigarette use (Chadi et al., 2019; Lee & Lee,
2019; Leventhal et al., 2016).

A recent review of adolescent mental health and e-cigarette use included six studies
involving adolescent depression symptoms. The findings regarding the association between
e-cigarette use and depression were mixed (Becker et al., 2021). Four of the cross-sectional
studies found that adolescents who reported either lifetime or past 30-day exclusive e-
cigarette use reported higher rates of depressive symptoms than those who never used
e-cigarettes (Chadi et al., 2019; Jee, 2016; Lee & Lee, 2019; Leventhal et al., 2016). In
contrast, one cross-sectional study found that exclusive lifetime conventional cigarette use
was significantly associated with depressive symptoms, but exclusive lifetime e-cigarette use
was not (Chen et al., 2019). Of the six included studies, only one had a longitudinal design
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and revealed a bi-directional relationship between depression symptoms and e-cigarette
use (Lechner et al., 2017). That is, higher depressive symptoms predicted an increased
likelihood of e-cigarette initiation (ever use) 12 months later. Sustained e-cigarette use,
defined as past 30-day use at both 6-month and 12-month follow-ups, was associated with
a more rapid increase in depressive symptoms over the 12 months (Lechner et al., 2017). A
more recent longitudinal study of adolescents found that higher depression symptoms were
associated with a more rapid escalation in the number of days of e-cigarette use over 30
months, but not the onset of e-cigarette use (Audrain-McGovern et al., 2020). These studies
collectively highlight the importance of longitudinal designs with longer follow-up periods
and the value of investigating how changes in depression and e-cigarette use affect each
other across time.

This prospective cohort survey study examined the longitudinal relationship between
adolescent depression symptoms and e-cigarette use across three years and seven different
time points. We hypothesized that depression symptoms would be associated with
adolescent e-cigarette progression and that e-cigarette use would be related to changes in
depression symptoms. The findings have the potential to identify youth at greater risk for
e-cigarette progression and inform the content of e-cigarette prevention and intervention
campaigns.

2. METHODS

2.1 Participants and Procedures

Participants were adolescents in the 9t grade taking part in a longitudinal cohort study of
the relationship among combustible cigarette smoking, e-cigarette use, and other tobacco
use. Participants were enrolled in four public high schools within a 65-mile radius outside

of Philadelphia, PA. The schools were selected from four different districts and cities

(three suburban and one rural) that varied in demographic features (race, ethnicity, annual
household income). The selection yielded a sample that was demographically representative
of adolescents nationwide. The cohort participants were drawn from 2198 students identified
through class rosters at the start of 9" grade. Adolescents were ineligible to participate if
they had a severe learning disability or did not speak fluent English. Based on the selection
criteria, 2017 of 2198 (92%) students were eligible to participate.

Parents were mailed a study information letter (active information) with a telephone number
to call to answer any questions and decline consent for their adolescent participation (passive
consent). Of the 2017 eligible adolescents, 17 (1%) had a parent who actively declined

their adolescent’s participation. Adolescents with parental consent were approached to
provide their written assent for study participation. Adolescents who were absent on the
assent/baseline survey days (n = 124, 6%) and adolescents who did not provide assent

(n =41, 2%) due to lack of interest were not enrolled in the cohort. Thus, 1835 of the

2000 adolescents with consent (92%) provided their assent to participate and completed a
40-minute paper and pencil survey. This baseline, or wave 1, survey was completed on-site
during compulsory classes in the fall of 2016.
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Adolescents completed six paper and pencil follow-up surveys at 6-month intervals with
92% completing a survey at wave 2 (N = 1687, spring 2017), 90% completing a survey at
wave 3 (N = 1658, fall 2017), 89% completing a survey at wave 4 (N = 1643, spring 2018),
87% completing a survey at wave 5 (N = 1601, fall 2018), 84% completing a survey at
wave 6 (N = 1538, spring 2019), and 83% completing a survey at wave 7 (N = 1530, fall
2019). Adolescents were assigned a unique ID at the baseline survey. A cover page with the
adolescent’s name connected to their ID on the follow-up survey was removed at the time
of survey receipt. The participants included in this study are adolescents who had complete
data on the study variables at baseline (N = 1822). The Institutional Review Board of the
University of Pennsylvania and the administration of each of the four high schools approved
the study. Data analyses were conducted in April of 2021.

2.2 Measures

2.2.1 E-cigarette Use.—The survey included an introduction explaining e-cigarettes
and the types of products or devices labeled as e-cigarettes. Images of different e-cigarette
devices were provided to facilitate clarity (Audrain-McGovern et al., 2019; Conway et al.,
2018). From baseline (wave 1) to wave 3, these images included e-cigarettes, e-hookah,
vape pens, and mods. Images of USB-style pod vaporizers were added at wave 4 (early
2018). Excluding using an e-cigarette device for vaping marijuana, adolescents were asked:
“Have you ever used an e-cigarette like the ones pictured above, even 1 or 2 times?”
Adolescents who reported ever use of an e-cigarette were prompted to answer subsequent
questions assessing lifetime frequency of e-cigarette use and time since last e-cigarette use.
The following ordered categorical variable was created to define progression in e-cigarette
use: 0 = never used; 1 = used, but not in the past 6 months; 2 = used in the past 6 months,
but not in the past 30 days; and 3 = used in the past 30 days. Progression was captured by
modeling the within-subject rate of movement across the ordered categories at subsequent
timepoints. As is standard, current use was defined as using an e-cigarette on at least one day
in the past 30 days (Audrain-McGovern et al., 2018; Wang et al., 2019). E-cigarette use was
measured in all seven waves.

2.2.2 Depression Symptoms.—The Centers for Epidemiology Studies of Depression
(CES-D) assessed depression symptoms over the past week (Radloff, 1991). The 20-item
Likert style scale (0 = rarely or none of the time to 3 = most of the time) is frequently

used to assess depressive symptoms among adolescents in epidemiological studies (Audrain-
McGovern et al., 2009; Lechner et al., 2017). The responses were summated after reverse
coding four items. The scores could range from 0-60. Cronbach’s coefficient alpha for this
scale was .84. Depression was measured in all seven waves.

2.2.3 Covariates.—Demographic characteristics such as sex, race, and ethnicity were
assessed at baseline using self-report items. These demographic variables were included in
the model to characterize the sample. All covariates were measured at baseline.

2.2.4 Peer and household e-cigarette use.—Peer e-cigarette use was measured by
asking adolescents whether their best friend, four other best male friends, and four other best
female friends use e-cigarettes (Coleman et al., 2006; Etim et al., 2020). If an adolescent
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responded “yes” to either of these questions, they were prompted to answer how many.
Peer e-cigarette use was summarized as no peers versus at least one peer used e-cigarettes.
Household e-cigarette use was measured with the question, “Does anyone in your house
use e-cigarettes?” (Etim et al., 2020). Household e-cigarette use was summarized as no
household e-cigarette use versus at least one household member.

2.2.5 Perceived Benefits.—The perceived benefits of using e-cigarettes were measured
with 12 items using a Likert scale (0 = strongly disagree to 3 = strongly agree). Items
assessed available flavors, smell, affordability, impact on non-tobacco users, substitution in
smoke-free situations, and similarity to smoking (Bernat et al., 2018; Gibson et al., 2018;
Moustafa et al., 2021; Vogel et al., 2019). Scores could range from 0 to 36, with higher
scores indicating greater perceived benefits. Cronbach’s coefficient alpha for this scale was
.89.

2.2.6 Positive Expectations.—Positive expectations of e-cigarette use were measured
with a 9-item Likert-style scale (Gibson et al., 2018; Harrell et al., 2015; Moustafa et al.,
2021; Wills et al., 2015). The items included, “I think vaping e-cigarettes would...give

me something to do when I’m bored, ...help me deal with problems or stress, ...feel

more comfortable at parties.” Response options ranged from 0 = strongly disagree to 3 =
strongly agree. Scores could range from 0 to 27, with higher scores indicating more positive
expectations. Cronbach’s coefficient alpha for this scale was .83.

2.2.7 Combustible Cigarette Smoking.—Combustible cigarette smoking at baseline
was measured by asking adolescents, “Have you ever tried smoking a cigarette, even a

few puffs?” Adolescents who reported ever smoking a cigarette were prompted to answer
subsequent questions assessing lifetime frequency of cigarette smoking and time since

last cigarette. The following ordered categorical variable was created to define cigarette
smoking: 0=never smoked; 1 = smoked, but not in the past 6 months; 2 = smoked in the past
6 months; and 3 = smoked a cigarette in the past 30 days.

2.2.8 Alcohol and Marijuana Use.—Marijuana use and alcohol use were assessed
by asking adolescents if they had used these substances in the past six months (Audrain-
McGovern et al., 2018).

2.3 Statistical Analysis

Data were analyzed using latent growth curve modeling (LGCM) to assess the longitudinal
relation between e-cigarette use and depressive symptoms across seven waves of data, each
six months apart. LGCM is a multivariate structural equation modeling method that models
repeated measures of a variable on latent variables (factors) representing baseline (level or
intercept) and rate of change (trend or slope) (Duncan et al., 2013; Loehlin & Beaujean,
2016). The product is an average trajectory across all participants on the variable of interest.
The present study conducted an associated-processes LGCM to model depressive symptoms
and e-cigarette use trajectories and how each affects the other. Thus, there are two LGCMs,
one each for repeated measures of depressive symptoms and e-cigarette use.
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The LGCM was conducted in two phases. First, a measurement model was examined. This
model involved assessing the relationship between the two associated processes without any
predictor variables, and all paths among the factors were allowed to correlate freely. Second,
predictor variables and covariates were added (adjusted model). The covariates included sex,
race (two dummy variables comparing Black race and other race to White race), ethnicity
(Hispanic versus not-Hispanic ethnicity), household e-cigarette use, peer e-cigarette use,
past six-month alcohol and marijuana use (two binary variables, yes/no), cigarette smoking,
positive expectations of e-cigarette use, and the perceived benefits of e-cigarette use.

Model fit in both the crude and adjusted models was evaluated via chi-square, Comparative
Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), and Weighted

Root Mean Residual (WRMR). Heuristics for ideal fit include a non-significant chi-square
statistic, CFl = 0.95, RMSEA < 0.08, and WRMR < 0.90 (DiStefano et al., 2018; Schreiber
et al., 2006; Sivo et al., 2006). Mpl/us 8.3 software was used to complete the LGCM and test
for mediation (Muthén & Muthén, 2017).

3. RESULTS

Descriptive statistics appear in Table 1. Half of the sample was female, 27% minority, and
20.8% Hispanic ethnicity. The proportion of participants ever using e-cigarettes increased
from 16% to 21% from wave 1 to wave 7. Past 30-day e-cigarette use increased from 5.8%
at baseline to 11.3% at wave 7. Depressive symptoms remained relatively constant between
wave 1 (Mean = 18.30, SD = 9.42) and wave 7 (Mean = 18.39, SD = 10.49).

3.1 Multivariate model

The measurement model with the two associated processes and free correlations among

the latent variables fit the data well, x2g7 = 390.64, p< 0.0001; CFI = 0.98; RMSEA

=0.04, 90% CI = 0.04, 0.05; SRMR = 0.04. The adjusted model with non-standardized
path coefficients, standard errors, and z-statistics are presented for all model paths in Table
2. A graphic presentation of the results is presented in Figure 1, with standardized path
coefficients for all effects. Adding the predictor variables to the model and paths from the
baseline level of each process to the linear trend of the other process, the model fit the data
well, x2510 = 640.31, p< 0.0001; CFI = 0.96; RMSEA = 0.03, 90% CI = 0.03, 0.04; SRMR
= 0.04. The correlation between the two trend factors was significant (r = 0.08,z=2.92, p =
0.003).

Baseline depressive symptoms had a significant effect on e-cigarette use trend (b=0.01,
z=4.29, p< 0.0001). A standard deviation increase in depressive symptoms at baseline was
associated with a 0.25 standard deviation increase in the rate of e-cigarette progression from
baseline, holding all other variables constant. In contrast, the path from baseline e-cigarette
use to depressive symptoms trend was not significant (o= 0.74).

Several covariates variables were related to e-cigarette use. Non-Hispanic ethnicity was
negatively related to baseline e-cigarette use (b = -0.24, z = -2.67, p=0.01). Peer
e-cigarette use (b =0.17, z = 9.19, p< 0.0001), past six-month alcohol use (b =0.22, z
=2.39, p=0.02) past six- month marijuana use (b = 0.55, z = 5.40, p< 0.0001), positive
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e-cigarette expectations (b = 0.12, z = 10.16, p < 0.0001), and combustible cigarette smoking
(b =0.31, z =5.82, p<0.0001) were all associated with greater e-cigarette use at baseline.
Black race (versus White race) (b = —-0.14, z = -2.89, p=0.004), peer e-cigarette use (b
=-0.02, z = -2.45, p=0.01), and combustible cigarette smoking (b = -0.07, z = -2.81,
p=0.005) were all associated with a decreased rate of e-cigarette progression across the
following 36 months. By contrast, non-Hispanic ethnicity (b = 0.09, z = 2.30, p=0.02) and
past six-month alcohol use (b = 0.13, z = 2.93, p=0.003) were associated with an increased
rate of e-cigarette progression across follow-up.

Several covariates were related to depressive symptoms at baseline and predicted the rate

of change in depressive symptoms across time. Female gender (b = 5.37,z = 13.89, p<
0.0001), peer e-cigarette use (b =0.22, z = 2.09, p= 0.04), household e-cigarette use (b
=1.33,z=2.41, p=0.02), and combustible cigarette smoking (b = 1.68, z = 5.89, p<
0.0001) were associated with greater depressive symptoms at baseline. Positive e-cigarette
expectations (b = -0.03, z = -2.00, p < 0.05), combustible cigarette smoking (b = -0.24, z =
-2.97, p=0.003), and perceived benefits of e-cigarette use (b = -0.13, z = -2.13, p=0.03)
were associated with decreased rate of change in depressive symptoms across time.

4. DISCUSSION

The present study provides new evidence for the effects of depression symptoms on
e-cigarette progression among adolescents. Greater depressive symptoms at age 14 were
associated with a faster rate of e-cigarette progression across the following 36 months.
E-cigarette use was not related to the development of depression symptoms over time. These
findings suggest that elevated depression symptoms enhance adolescent vulnerability to
e-cigarette use. Screening for depression will aid in the identification of adolescents at risk
for e-cigarette progression.

The finding that depression symptoms foster rapid progression raises concerns, as faster
progression has been associated with sustained e-cigarette use and greater nicotine
dependence among adolescents (Mogel et al., 2019, 2020). Adolescents with elevated
depression symptoms may find the nicotine in e-cigarettes more rewarding than adolescents
with fewer symptoms. These relationships have been identified in epidemiological studies
of adolescent and young adult cigarette smoking and depression (Audrain- McGovern et al.,
2009, 2011) and human laboratory studies of depressed and nondepressed adult smokers
(Audrain-McGovern et al., 2014). Flavoring in e-cigarettes has been shown to enhance
nicotine's rewarding and reinforcing effects (Audrain-McGovern et al., 2016). Although
speculative, nicotine and flavoring may work together to promote swift progression among
youth with higher depression symptoms. Adult smokers with mental health conditions,
including depression, tend to value e-cigarette flavors more than those with no mental health
conditions (Spears et al., 2018).

Research suggests that adolescents who use e-cigarettes have a lower risk profile than
adolescents who smoke combustible cigarettes or adolescents who use both (Wills et al.,
2015). While this appears to be the case, even for depression symptoms (Lee & Lee, 2019;
Leventhal et al., 2016), depression remains a risk factor for progression in e-cigarette use.
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Adolescents with elevated depression at baseline tended to be female, have peers who

use e-cigarettes, have a household member who uses e-cigarettes, and smoke combustible
cigarettes. These relationships highlight potential variables to target to prevent depression as
well as e-cigarette use.

In contrast to a previous longitudinal study of depression and e-cigarette use, we did not
find evidence for a bi-directional effect (Lechner et al., 2017). That is, e-cigarette use was
not associated with an escalation in depression symptoms. This finding may be due to
differences in the length of follow-up, with a potential bidirectional relationship becoming
less significant over a longer follow-up period. It is also possible that e-cigarette use
maintains or stabilizes depression symptoms over time rather than exacerbating symptoms.
As novel e-cigarettes continue to emerge with various characteristics (e.g., types and levels
of nicotine, flavoring), these relationships warrant further study.

This study has several strengths as the first multi-year study to assess the longitudinal
relationship between adolescent depression and e-cigarette progression. The sample was
measured every six months across 36 months. Depression and e-cigarette use were both
measured seven times to examine relationships across time. The sample was large, relatively
diverse, and participation and retention rates were excellent. Also, we controlled for several
variables that could confound the investigation of the relationship between depression
symptoms and e-cigarette progression, including peer e-cigarette use, combustible cigarette
use, and household e-cigarette use.

One potential limitation of the study is that all participants were recruited from one
geographic area. Although the findings may not generalize across the country, the sample
demographics and the prevalence of nicotine vaping are consistent with national surveys.
At baseline, the prevalence of lifetime (ever) e-cigarette use (16%) and 30-day e-cigarette
use (6%) were comparable to the 2016 prevalence rates reported by Monitoring the Future
(average for 8t and 10t-grade prevalence rates: ever use 23% and 30-day use 8.5%) (R. A.
Miech et al., 2017). In 2019, our prevalence rates for ever use (21%) and 30-day use (11.3%)
were lower than those reported by Monitoring the Future (41% and 22%, respectively) (R.
Miech et al., 2021), but comparable to YRBS regional/local prevalence rates as well as the
Truth Longitudinal Cohort Study (23% to 41% and 11%) (Centers for Disease Control and
Prevention (CDC, 2019; Vallone et al., 2020).

Another potential limitation is that adolescents reported on psychological and behavioral
variables that spanned various periods (e.g., today, past week, past 30 days, past six months),
and the impact of recall biases is uncertain. In addition, as is typical of using the CES-

D in epidemiological studies, depression symptoms were assessed for the week prior to

the survey, which may not be representative of the past six months. This study did not
evaluate the type of e-cigarette device used, the associated nicotine type, and the intensity of
e-cigarette use. These variables may offer a refined understanding of the association between
depression and e-cigarette use and should be examined in future research.

While depression symptoms were measured, a diagnosis of major depression was not
determined through a structured clinical interview. However, these findings suggest that
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depression symptoms may be sufficient to increase vulnerability to e-cigarette uptake and
that these symptoms can be identified via a short self-report instrument. Additionally, parent
depression may be significant to the relationship between e-cigarette use and depressive
symptoms, but it was not measured. Previous research found that depression symptoms were
positively associated with current e-cigarette use only among adolescents of a parent who
suffered from depression and not among adolescents whose parents did not have depression
(Cho, 2019). It is important to note that the depression symptoms remained stable over time.
However, there may be distinct subgroups of adolescents who have different longitudinal
patterns of depression (e.g., increasing, decreasing, stable chronic) across time. These
subgroups may vary in their likelihood of e-cigarette use. Future research should evaluate
these relationships in addition to potential mechanisms that may explain the relationship
between depression symptoms and e-cigarette uptake.

5. CONCLUSIONS

This prospective cohort study demonstrates that adolescents with elevated depression
symptoms at age 14 have a faster rate of e-cigarette progression. Further research is needed
to identify mechanisms that account for this relationship, further informing public health
campaigns and e-cigarette regulatory actions. It will be important to examine whether
adolescents with elevated depression symptoms respond similarly to e-cigarette prevention
campaigns as adolescents in general. If not, the next step may be to target adolescents with
elevated depression symptoms in e-cigarette prevention campaigns, perhaps similar to the
campaigns that targeted novelty-seeking to prevent adolescent tobacco use (Croshy et al.,
2019). Such efforts may be informed by smoking cessation interventions that have targeted
depression symptoms (Hoeppner et al., 2019; Kahler et al., 2015; MacPherson et al., 2010).
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Highlights:
. Depression symptoms predicted more rapid e-cigarette progression in
adolescents.
. E-cigarette use was not associated with an escalation in depression symptoms.
. Depression screening may aid in identifying those at risk of e-cigarette
progression.
. These findings from adolescents in PA should be replicated in a national

sample.
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Figure 1.
Associated processes LGCM with standardized path coefficients.
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Table 1.

Descriptive statistics for the sample at baseline (n = 1822).

Categorical Variables Level N %

Sex Male 908 | 49.8
Female 914 | 50.2

Race Black 260 | 14.3
White 232 | 127

Other 1330 73

Ethnicity Hispanic 379 | 20.8
Non-Hispanic 1443 | 79.2

Household e-cigarette use No one 1591 | 87.3
At least one person 231 | 12.7

Marijuana use Did not use in the past six months 202 | 111
Used in the past six months 1620 | 88.9

Alcohol use Did not use in the past six months 1518 | 83.3
Used in the past six months 304 | 16.7

Peer e-cigarette use No peers 1468 | 80.6
One or more 354 9.4

Cigarette smoking Never smoked 1698 | 93.2
Smoked, but not in the past six months 32 1.8

Smoked in the past six months 52 29

Smoked in the past 30 days 40 22

E-cigarette use Never 1530 | 83.9
Used but not in the past six months 114 6.3

Used but not within the past 30 days 75 4.1

Used within the past 30 days 103 5.7

Mean SD

Perceived benefits of e-cigarette use 12.80 | 5.83
Positive expectations of e-cigarette use 6.57 | 4.40
Depressive symptoms 18.30 | 9.42
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Non-standardized results of the associated processes LGCM of depression symptoms and e-cigarette use.

Depressive symptoms

Baseline level Linear trend

b SE | z-value | p-value b SE | z-value | p-value
Baseline e-cigarette use -0.03 | 0.10 | -0.35 0.73
Sex 535 | 0.39 13.85 <0.0001 | 0.05 | 0.09 0.51 0.61
Black race -0.03 | 051 | -0.05 0.96 -021 | 0.11 | -1.77 0.08
Other race -0.68 | 0.62 -1.10 0.27 0.10 | 0.14 0.67 0.51
Ethnicity -0.40 | 0.46 -0.81 0.42 -0.07 | 0.11 -0.71 0.48
Peers e-cigarette use 0.19 0.10 1.84 0.07 -0.03 | 0.03 -0.85 0.40
Household e-cigarette use | 1.23 | 0.55 224 0.03 -0.01 | 0.14 -0.02 0.98
Marijuana use -0.63 | 0.64 -0.98 0.33 0.22 | 0.18 1.22 0.22
Alcohol use 0.80 0.56 141 0.16 0.24 0.15 1.62 0.11
Positive expectations -0.01 | 0.05 -0.71 0.86 -0.03 | 0.02 -1.54 0.12
Cigarette smoking 1.68 | 0.29 5.92 <0.0001 | —-0.24 | 0.08 | -2.97 0.003
Perceived benefits 0.14 | 0.04 4.01 <0.0001 | -0.03 | 0.01 | -2.86 0.004

E-cigarette use
Baseline level Linear trend

b SE | z-value | p-value b SE | z-value | p-value
Baseline depression 0.01 | 0.00 4.26 <0.0001
Sex -0.04 | 0.08 -0.56 0.57 0.00 | 0.03 0.04 0.97
Black race -0.05 | 0.11 -0.45 0.66 -0.14 | 0.05 -2.87 0.004
Other race -0.05 | 0.13 -0.36 0.72 -0.09 | 0.05 -1.76 0.08
Ethnicity -0.24 | 0.09 -2.58 0.01 0.08 | 0.04 2.28 0.02
Peer e-cigarette use 0.17 0.02 9.09 <0.0001 | -0.02 | 0.01 -2.49 0.01
Household e-cigarette use | 0.19 | 0.10 1.90 0.06 -0.07 | 0.04 -1.69 0.09
Marijuana use 054 | 0.10 5.30 <0.0001 | 0.05 | 0.05 0.97 0.33
Alcohol use 0.23 | 0.09 2.46 0.02 0.13 | 0.04 2.89 0.004
Positive expectations 0.12 | 0.01 9.78 <0.0001 | 0.01 | 0.01 -1.89 0.06
Cigarette smoking 0.31 | 0.05 5.77 <0.0001 | -0.07 | 0.02 -2.78 0.005
Perceived benefits 0.10 | 0.01 1.14 0.25 0.01 | 0.01 0.45 0.66
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