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ABSTRACT

INTRODUCTION: Youth perceptions of harmfulness and addictiveness of e-cigarettes may impact the age that they initiate e-cigarette use, but this
has not been investigated previously.

METHODS: Youth (12-17 years old) never e-cigarette users at their first wave of PATH participation (waves 1-3, 2013-2016) were included. PATH
questions on absolute perceptions of e-cigarette harmfulness and addictiveness were used as exposures. Interval-censored Cox proportional
hazards models were used to estimate the impact of perceptions of harmfulness, and perceptions of addictiveness on (i) the age of initiation of e-
cigarette use and (ii) age of first reporting past 30-day e-cigarette use, while controlling for covariates.

RESULTS: Youth who perceive e-cigarettes as having no/little harm had increased risk of initiating both ever e-cigarette use (AHR = 2.04; 95%Cl =
1.74-2.40) and past 30-day e-cigarette use (AHR = 2.64; 95%Cl = 2.07-3.37) at earlier ages compared to youth who perceive e-cigarettes as having
a lot of harm. Youth who perceive the likelihood of becoming addicted to e-cigarettes to be very/somewhat unlikely had increased risk of an earlier
age of both ever (AHR = 1.28; 95%CI = 1.07-1.52) and past 30-day (AHR = 1.36; 95%CI = 1.04-1.79) e-cigarette initiation compared to youth who
perceived the likelihood of becoming addicted to e-cigarettes to be somewhat/very likely.

CONCLUSION: These results highlight the importance of communicating to youth the potential for health harms and addiction from e-cigarette use
in prevention and intervention campaigns, as those with the lowest perceptions of harmfulness and addictiveness had the earliest ages of e-

cigarette initiation.
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Introduction

There are a variety of factors that contribute to the decision-making
process of adopting certain behaviors. The Health Belief (HB)
model posits that a person’s belief in the threat of an illness or
disease in addition to a person’s belief in the eftectiveness of the
recommended health behavior will result in the behavior the person
adopts.1 In terms of e-cigarette use, according to the HB model, the
greater the perceived likelihood of e-cigarette-related diseases and
the greater the perceived benefits of quitting, the less likely it is that

a person will initiate e-cigarette use.! Thus, a person’s beliefs about
the potential for health harms and addiction from e-cigarettes
contributes to their decision to adopt e-cigarette use behaviors. In
addition, there are other factors that contribute to the appeal and use
of e-cigarettes, such as peer or family use,” flavors and design
characteristics, e-cigarette ma.rketing,4 and other external factors.

Some of the toxic and carcinogenic compounds, first
identified in cigarettes, are also found in e-cigarettes emissions,
although at lower levels compared to cigarettes.5 Younger ages
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of e-cigarette use initiation increase young people’s risk for
nicotine addiction and harm to health.® By 2014, e-cigarettes
were the most widely used tobacco product on the market
among middle and high school students,” a finding that remains
true to this day.>’ Prior research with the nationally repre-
sentative Population Assessment of Tobacco and Health
(PATH) study prospectively estimating the age of e-cigarette
initiation found that among youth never e-cigarette users at
their first wave of participation in waves 1-3 (2013-2016),
18.6%, 7.4%, and 3.8% initiated ever, past 30-day, and fairly
regular e-cigarette use, respectively by age 15 (waves 2-4: 2014-
2017).1° In addition, the 2014 National Youth Tobacco Survey
among 11-19-year-olds found that the average age of ever e-
cigarette initiation was 17.5 (95%CI = 17.47- 17.52) years old.!
These findings are concerning because early adoption of e-
cigarette use behaviors may be associated with nicotine ad-

diction'? as users of e-cigarettes can also use e-liquids with

higher concentrations of nicotine than Cigarettes.m’14

Previous studies on perceptions of harmfulness and addic-
tiveness of e-cigarettes have shown that a substantial proportion
of youth do not consider e-cigarettes to be harmful or addictive.
A previous 2013-2015 PATH study found that the proportion
of youth (12-17 years old) never e-cigarette users who thought
that e-cigarettes posed “no/little harm” was 29.6% and 43.8%
for “some harm”."> In this study, only 26.6% of youth con-
sidered e-cigarettes to cause “a lot of harm”, which was the
lowest of all tobacco products studied." In addition, among e-
cigarette never users at PATH wave 1, youth who believed e-
cigarettes caused no/little harm had increased risk of initiating
e-cigarette use one year later.”> Similar findings have been
reported for perceptions of e-cigarette addictiveness, with
38.1% of susceptible youth and 24.8% of non-susceptible youth
reporting that they perceived the likeliness of someone be-
coming addicted to e-cigarettes to be very unlikely, somewhat
unlikely, or neither likely nor unlikely among PATH youth (12-
17 years old) in 2013-2014.¢ Interestingly, older youth (aged
14-15 or 16-17) perceived e-cigarettes to be less harmful
(absolute instead of relative to cigarettes), as well as less ad-
dictive (absolute instead of relative to cigarettes), compared to
younger youth (aged 12-13) (p’s < .01).Y” Recent national data
from 2021 middle and high school students, reported that 42%
of these students thought that e-cigarettes when used inter-
mittently (some days but not every day) posed “some harm”,
16% as “no/little harm” and 42% as “a lot of harm”.” Fur-
thermore, people typically adopt beliefs that correspond to their
behaviors, ' so among e-cigarette users, it may be easier for them
to believe or rationalize that e-cigarettes are not harmful or
addictive.

While previous studies have shown that lower perceptions of
harmfulness and addictiveness predict subsequent e-cigarette
initiation, no studies have examined the impact of these per-
ceptions on the age of e-cigarette initiation. In addition, earlier
ages of e-cigarette initiation are associated with increased
nicotine dependence, and those who start earlier are less likely to

quit.>"® 2" Tdentifying windows of opportunity to direct pre-
vention and education campaigns to age-appropriate youth
would be helpful to deter youth from initiating e-cigarette use.
Therefore, this study conducted secondary analyses of the
PATH study waves 1-4 (2013-2017), estimating the impact of
(i) perceptions of e-cigarettes harmfulness and (ii) perceptions
of e-cigarette addictiveness among US youth never e-cigarette
users on the age of initiation of e-cigarette use outcomes
prospectively.

Methods
Study Design and Participants

The PATH study is a nationally representative sample of U.S.
youth and adults that began in 2013-2014 with annual or bi-
annual data collection, and its methodology is described else-
where.?! The current study is a secondary analysis of waves 1-4
(2013-2017) youth and adult restricted-use datasets. Wave 1
data was collected from September 2013 to December 2014,
with 13,651 youth (aged 12-17) completing the study.*’ Wave 2
data was collected from October 2014- October 2015, wave 3
from October 2015- October 2016 and wave 4 from December
2016- January 2018. At wave 1, a total of 13,651 youth par-
ticipated in PATH. In addition, family members of PATH
participants who were 9-11 years old at wave 1 were eligible to
participate when they turned 12 years old at waves 2-3, with
2091 and 2045 youth entering the PATH study at waves 2 and
3%2. When youth turned 18, they were invited to participate in
the adult measurements, with 1,915, 1,907, and 1900 aged-up
youth participating in waves 2-4, respectively.”” Following up
our youth participants into adulthood across four waves of
participation results in a final age range of 12-21 years old.
Youth were eligible for the current study if they were never users
of e-cigarettes at their first wave of PATH participation in
waves 1-3 (2013-2016). E-cigarette initiation outcomes were
followed-up in waves 2-4 (2014-2017) as youth or as adults.
The sample size was a total of n = 16,143 youth never e-cigarette
use at the first wave of PATH participation, representing a total
of N = 30,194,853 youth in the USA. Parents of youth provided
informed written consent and youth provided verbal assent. IRB
approval for this study was obtained from the Committee for the
Protection of Human Subjects at the University of Texas Health
Science Center at Houston with number HSC-SPH-17-0368.

E-Cigarette Use Measures

In wave 1, PATH measured ever e-cigarette use with the
question: “Have you ever used an e-cigarette, such as NJOY,
Blu, or Smoking Everywhere, even one or two times?”. In waves
2-4, in both the youth and adult surveys, this question
was modified: “Have you ever used an electronic nicotine
product, even one or two times? (Electronic nicotine products
include e-cigarettes, e-cigars, e-pipes, e-hookahs, personal va-
porizers, vape pens and hookah pens.)”. These questions were
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assumed to measure the same construct across waves. Response
options included “yes”, “no”, “don’t know”, and “refused”. Ever
e-cigarette use has been characterized as experimentation.”**>**

In waves 2-4, in both the youth and adult surveys, past 30-
day e-cigarette use was measured with the question: “In the past
30 days, on how many days did you use an e-cigarette?”.
Numeric response options included 0-30 days and participants
were considered past 30-day users if they reported e-cigarette
use on 1 or more days. Past 30-day use of e-cigarettes serves as a

proxy for e-cigarette use frequ(=,rlcy.20’23’24

Outcomes: Age of initiation of ever e-cigarette use and age of
Jforst reporting past 30-day e-cigarette use

PATH uses a variable for participant age in years at each wave,
as date of birth is not included in the restricted-use data.
PATH also uses a variable to represent the number of weeks
between waves that youth participate in. Age of initiation of
ever e-cigarette use was estimated by adding participants’ age
at their first wave of PATH participation (waves 1-3) to the
number of weeks between relevant subsequent waves (waves 2-
4) based on the first report of ever use for those who became
users or the last report of never use among those who did not
report initiation across waves. A lower and upper age bound for
initiating ever use was determined. For all youth, the lower age
bound was the age at the last wave where they did not report
initiation of ever use. For those who reported initiation of e-
cigarettes, the upper age bound reflects the age at the last wave
that they did not report ever use plus the number of weeks
between survey waves when they first reported initiation to give
a more precise estimate of age of initiation. The upper age
bound for never users was considered censored. The age of first
reporting past 30-day use was estimated in the same way.

Exposures

At each participant’s first wave of PATH participation, they
were asked “Have you ever heard of e-cigarettes?”. Perceptions
of harmfulness and addictiveness were only asked among
participants who had heard of e-cigarettes. Perceptions of
harmfulness and addictiveness of e-cigarettes were measured
with survey questions, which were examined at the youth’s first
wave of PATH participation. Perceptions of e-cigarette
harmfulness were measured with the question: “How much
do you think people harm themselves when they use e-ciga-
rettes?”. Response options included: “no harm”, “little harm”,
“some harm”, “a lot of harm”, “don’t know”, and “refused”. This
variable was collapsed based on previous research® into: no
harm/little harm, some harm, a lot of harm, don’t know, and
never heard of e-cigarettes. Perceptions of addictiveness of e-
cigarettes were measured with the question: “How likely is
someone to become addicted to e-cigarettes?”. Response op-
tions included: “very unlikely”, “somewhat unlikely”, “neither

likely nor unlikely”, “somewhat likely”, “very likely”, “don’t

know”, and “refused”. This variable was collapsed based on
previous research® into: very unlikely/somewhat unlikely,
neither likely nor unlikely, somewhat likely/very likely, don’t
know, and never heard of e-cigarettes. Those who refused to
answer either question were coded as missing and excluded from
analysis.

Covariates

Sex and race/ethnicity. Answers to a question about participant
sex classified youth as either males or females. Answers to race
and ethnicity questions were combined to create race/ethnicity
categories that are comparable to previous publications,'®?%%®
which include: Non-Hispanic White, Hispanic, Non-Hispanic
Black, and Non-Hispanic Other (Non-Hispanic Asian, multi-
race, and other races).

Previous use of other tobacco products. PATH asked all partici-
pants about ever use (Have you ever used [tobacco product],
even once or twice/one or two puffs?) for the following [tobacco
products]: cigarettes, traditional cigars, cigarillos, filtered cigars,
hookah, and smokeless tobacco. The three variables for cigar
product subtypes were collapsed to represent “any cigar use” for
a total of four variables representing previous use of other to-
bacco products. Previous use of other tobacco products was
examined at the wave prior to initiation of each e-cigarette
outcome for youth who become users and at the latest wave of
PATH participation for youth who remain non-users.

Statistical Analysis

Sampling weights at the first wave of youth’s participation with
their corresponding balanced repeated replicate (BRR)
weights and Fay’s adjustment set to .3 were used.”’ Weighted
means, standard errors, and proportions are provided.
Weighted interval-censoring multivariable Cox proportional
hazards models with a piecewise constant baseline hazard
function®” were used to assess differences in the age of ini-
tiation of each e-cigarette outcome by each exposure variable,
while adjusting for sex, race/ethnicity, and previous use of other
tobacco products. Two models are reported for estimating the
association between perceptions of e-cigarette harmfulness on the
age of initiation of e-cigarette use (model 1) and the age of first
reporting past 30-day e-cigarette use (model 2). Two additional
models are reported for estimating the association between
perceptions of e-cigarette addictiveness on the age of initiation of
e-cigarette use (model 3) and the age of first reporting past 30-day
e-cigarette use (model 4). Adjusted hazard ratios (AHRs) and
95% confidence intervals (CI) are reported. A type I error level of
.05 was used to determine statistical significance for all two-sided
statistical tests. In addition, weighted interval-censored survival
analyses and 95% CIs**3? were used to estimate the hazard
function for the age of initiation of ever use and age of first
reporting past 30-day use stratified by perceptions of e-cigarette
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harmfulness and e-cigarette addictiveness. Hazard functions and
95% Cls are reported as cumulative incidence by age. All sta-
tistical analyses were completed in SAS version 9.4-TSlevelIM6.
Missing values were little and shown in tables.

Results

Table 1 displays demographic characteristics of PATH youth
(aged 12-17) who were never e-cigarette users at their first wave
of PATH participation (2013-2016). Among these youth, (n =
16,143; N = 30,194,853), the majority entered the PATH study
at wave 1 (73.3%), 49.5% were female, and 53.0% were Non-
Hispanic White. Previous tobacco product use ranged from
2.8% for smokeless tobacco to 9.1% for cigarettes. The pro-
portion of youth (12-17 years old) never e-cigarette users who
perceived that e-cigarettes posed “no/little harm” was 4.3%,
51.9% for “some harm”, 27.1% for “a lot of harm”, 2.2% did not
know the harm and 14.5% “never heard of e-cigarettes”. The
proportion of youth (12-17 years old) never e-cigarette users
who perceived that e-cigarettes are “Very/Somewhat unlikely”
to be addictive was 3.5%, 57.4% for “Somewhat/Very likely” to
be addictive, 19.3% for “neither likely/unlikely”, and 5.3% did
not know if e-cigarettes were addictive.

Table 2 shows the results for the multivariable models for
the associations between perceptions of e-cigarette harmful-
ness (models 1 and 2) and perceptions of e-cigarette addic-
tiveness (models 3 and 4) separately, while adjusting for sex,
race/ethnicity, and previous use of other tobacco products
among all PATH youth never e-cigarette users. We found that
youth who perceived e-cigarettes as having “some harm”
(AHR =1.55;95%CI = 1.37-1.76) and “no/little harm” (AHR
= 2.04; 95%CI = 1.74-2.40) had 1.55 and 2.04 (respectively)
hazard ratio of initiating ever e-cigarette use at earlier ages
compared to youth who perceive e-cigarettes as having “alot of
harm”. Similarly, youth who reported their perception of e-
cigarettes as having “some harm” (AHR = 1.67; 95%CI =
1.39-2.02) and “no/little harm” (AHR = 2.64; 95%CI = 2.07-
3.37) had 1.67 and 2.64 (respectively) hazard ratios of an
earlier age of first reporting past 30-day e-cigarette use
compared to youth who reported their perception of e-
cigarettes as having “a lot of harm”. Never having heard of
e-cigarettes was protective against initiating ever e-cigarette
use at earlier ages (AHR =.65; 95%CI = .53-.79), but did not
reach statistical significance in its relationship with past 30-
day e-cigarette use (AHR =.78; 95%CI = .55- 1.10). For those
who answered don’t know to the question about e-cigarette
harmfulness perceptions, there was no statistically significant
association with either the age of ever e-cigarette initiation or
the age of first reporting past 30-day use. The categories of
response for harm perceptions suggest a dose-response rela-
tionship with the age of both ever e-cigarette initiation and
first reporting past 30-day e-cigarette use, as the hazard ratios
for an earlier age of e-cigarette initiation increase among those
with lower harm perceptions.

In addition, youth who perceived the likelihood of e-
cigarette addictiveness as “very/somewhat unlikely” (AHR =
1.28; 95%CI = 1.07-1.52) had 1.28 hazard ratio of an earlier age
of ever e-cigarette initiation compared to youth who perceived
the likelihood of e-cigarette addictiveness as “somewhat/very
likely”. Similarly, youth who perceived the likelihood of e-
cigarette addictiveness as “very/somewhat unlikely” (AHR =
1.36; 95%CI = 1.04-1.79) had 1.36 hazard ratio of an earlier age
of first reporting past 30-day e-cigarette use compared to youth
who perceived e-cigarette addictiveness as “somewhat/very
likely”. Never having heard of e-cigarettes was protective
against initiating ever e-cigarette use (AHR = .49; 95%CI = .41-
.59) and first reporting past 30-day e-cigarette use (AHR = .56;
95%CI = .41- .76) at earlier ages compared to youth who
perceived the likelihood of e-cigarette addictiveness as
“somewhat/very likely”.

Table 3 shows the results of the weighted interval-censored
survival analysis estimating the age of ever e-cigarette initiation
stratified by perceptions of e-cigarette harmfulness and ad-
dictiveness. By age 14, among those who perceived e-cigarettes
as having “no/little harm” 11% initiated ever e-cigarette use,
while 7.7%, 5.3%, 4.1% and 3.2% of those who perceived e-
cigarettes as having “some harm”, “a lot of harm”, “don’t know”,
and had “never heard of e-cigarettes” initiated ever e-cigarette
use, respectively. Furthermore, while 19.2% of youth who
perceived e-cigarettes as having “no/little harm” initiated by age
15, 20.8% of youth who perceived e-cigarettes as having “a lot of
harm” did not initiate e-cigarette use until age 17, indicating
that youth with lower harm perceptions initiate e-cigarette use
at earlier ages. In addition, by age 20, among youth who
perceived the likelihood of e-cigarette addictiveness to be “very/
somewhat unlikely”, 67.2% initiated ever e-cigarette use, while
60.5%, 45.1%, 44.2% and 31.1% of youth who perceived the
likelihood of e-cigarette addictiveness to be “neither likely nor
unlikely”, “somewhat/very likely”, “don’t know”, and had “never
heard of e-cigarettes” initiated ever e-cigarette use respectively.
Again, indicating that youth with “unlikely” perceptions of e-
cigarette addictiveness initiate e-cigarette use at earlier ages.

Table 4 shows the results of the weighted interval-censored
survival analysis estimating the age of first reporting past 30-day
e-cigarette use stratified by perceptions of e-cigarette harm-
fulness and addictiveness. By age 16, among youth who per-
ceived e-cigarettes as having “no/little harm”, 9.1% first reported
past 30-day e-cigarette use, while 8.7%, 5.3%, 3.9% and 2.5% of
youth who perceived e-cigarettes as having “some harm”, “a lot
of harm”, “don’t know”, and had “never heard of e-cigarettes”
first reported past 30-day e-cigarette use, respectively. In ad-
dition, by age 16, 10% of youth who perceived the likelihood of
e-cigarette addictiveness to be “very/somewhat unlikely” first
reported past 30-day e-cigarette use, while 9.8%, 7.3%, 6%, and
2.5% of youth who perceived the likelihood of e-cigarette
addictiveness to be “neither likely nor unlikely”, “very/
somewhat likely”, “don’t know”, and “never heard of e-ciga-
rettes” first reported past 30-day e-cigarette use, respectively.
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Table 1. Demographic characteristics of PATH USA youth (aged 12-17) never e-cigarette users at their first wave of PATH participation (2013-2016).

VARIABLES NEVER E-CIGARETTE USERS AT THEIR FIRST WAVE OF PATH PARTICIPATION

N (N) WEIGHTED %

16,143 (30,294,853) 100

First wave of PATH participation Wave 1 (2013-2014) 12,156 (22,132,919) 73.3
Wave 2 (2014-2015) 2010 (3,964,885) 13.1
Wave 3 (2015-2016) 1977 (4,097,049) 13.8
Age at entry into study weighted mean (SE) 13.8 (.01)
Sex Male 8186 (15,242,424) 50.5
Female 7950 (14,939,879) 49.5
Missing 7
Race/ethnicity Non-Hispanic White 7679 (15,977,089) 53.0
Non-Hispanic Black 2245 (4,206,126) 14.0
Non-Hispanic Other 1505 (2,995,420) 9.9
Hispanic 4670 (6,941,729) 23.0
Missing 44

Previous use of other tobacco products

Cigarettes Yes 1529 (2,744,882) 9.1
no 14,594 (27,411,705) 90.9
Missing 20
Any cigar product Yes 917 (1,663,170) 5.6
No 14,885 (27,898,837) 94.4
Missing 341
Hookah Yes 958 (1,765,696) 5.9
No 15,159 (28,384,465) 94.1
Missing 26
Smokeless tobacco Yes 454 (832,455) 2.8
No 15,609 (29,209,845) 97.2
Missing 80
Perceptions of e-cigarette harmfulness® No/little harm 742 (1,298,422) 4.3
Some harm 8420 (15,673,511) 51.9
A lot of harm 4265 (8,185,085) 27.1
Don’t know 356 (666,715) 2.2
Never heard of e-cigarettes 2354 (4,362,907) 14.5
Missing 6
Perceptions of e-cigarette addictiveness®  Very/Somewhat unlikely 589 (1,058,167) 3.5
Neither likely/unlikely 3176 (5,837,752) 19.3
Somewhat/very likely 9166 (17,307,755) 57.4
Don’t know 845 (1,608,226) 5.3
Never heard of e-cigarettes 2354 (4,362,907) 14.5
Missing 13

2Non-Hispanic Other includes Asian, multi-race, etc.

PPATH restricted file received disclosure to publish: August 4, 2021. United States Department of Health and Human Services. National Institutes of Health. National Institute
on Drug Abuse, and United States Department of Health and Human Services. Food and Drug Administration. Center for Tobacco Products. Population Assessment of
Tobacco and Health (PATH) Study [United States] Restricted-Use Files. ICPSR36231-v29.Ann Arbor, MI: Inter-university Consortium for Political and Social Research
[distributor], December 16, 2021. https://doi.org/10.3886/ICPSR36231.v29

°Perceptions of harmfulness and addictiveness were measured at participants’ first wave of PATH participation (waves 1-3).
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Table 2. Multivariable® hazard ratios (95% confidence intervals) for the associations between perceptions’ of harmfulness and perceptions of
addictiveness with the age of e-cigarette use initiation outcomes PATH USA youth (aged 12-17) between 2013-2017.

EVER E-CIGARETTE USE PAST 30-DAY E-CIGARETTE USE

MODEL 1 MODEL 2

Perceptions of E-cigarette Harmfulness'

Sex

Race/Ethnicity

Previous Other Tobacco Product Use

Cigarettes

Any Cigar Product

Hookah

Smokeless Tobacco

Perceptions of E-cigarette Addictiveness’

Sex

A lot of harm
Some harm
No/little harm
Don’t know
Never heard of e-cigarettes
Female
Male
Non-Hispanic White
Hispanic
Non-Hispanic Black

Non-Hispanic Other?

No
Yes
No
Yes
No
Yes
No

Yes

Somewhat/very likely
Very/somewhat unlikely
Neither likely nor unlikely

Don’t know
Never heard of e-cigarettes
Female

Male

1.00
1.55 (1.37- 1.76)
2.04 (1.74- 2.40)
1.18 (.88- 1.59)
.65 (.53- .79)
1.00
1.10 (1.01- 1.20)
1.00
.94 (.84- 1.05)
.68 (.59- .77)
.79 (.68- .91)

1.00
1.46 (1.32- 1.62)
1.00
.89 (.78- 1.01)
1.00
1.33 (1.20- 1.48)
1.00
1.20 (1.06- 1.35)
Model 3
1.00
1.28 (1.07- 1.52)
1.31 (1.21- 1.41)
.81 (.67-.98)
.49 (.41- .59)
1.00
1.10 (1.01- 1.20)

1.00
1.67 (1.39- 2.02)
2.64 (2.07- 3.37)
1.33 (.86- 2.05)
78 (.55- 1.10)
1.00
1.21 (1.09- 1.34)
1.00
.74 (.63- .86)
50 (.41- .62)
.81 (.68- .96)

1.00
1.56 (1.36- 1.80)
1.00
.88 (.75- 1.02)
1.00
1.18 (1.03- 1.35)
1.00
1.27 (1.06- 1.52)
Model 4
1.00
1.36 (1.04- 1.79)
1.38 (1.21- 1.56)
.91 (.68- 1.23)
.56 (.41- .76)
1.00
1.21 (1.09- 1.34)

(Continued)
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Table 2. Continued.

PAST 30-DAY E-CIGARETTE USE

EVER E-CIGARETTE USE

MODEL 1 MODEL 2

Race/Ethnicity Non-Hispanic White 1.00 1.00
Hispanic .92 (.83-1.02) .73 (.62- .85)
Non-Hispanic Black .67 (.59- .76) .51 (.41- .63)
Non-Hispanic Other? .77 (.67- .88) .79 (.66- .94)
Previous Tobacco Product Use
Cigarettes No 1.00 1.00
Yes 1.27 (1.15- 1.40) 1.60 (1.39- 1.85)
Any Cigar Product No 1.00 1.00
Yes .82 (.73- .92) .89 (.76- 1.04)
Hookah No 1.00 1.00
Yes 1.41 (1.24- 1.62) 1.18 (1.03- 1.35)
Smokeless Tobacco No 1.00 1.00
Yes .54 (.43- .68) 1.28 (1.07- 1.52)

"Perceptions of harmfulness and addictiveness were measured at participants’ first wave of PATH participation (waves 1-3).

2Non-Hispanic Other includes Asian, multi-race, etc.

3PATH restricted file received disclosure to publish: August 4, 2021. United States Department of Health and Human Services. National Institutes of Health. National Institute
on Drug Abuse, and United States Department of Health and Human Services. Food and Drug Administration. Center for Tobacco Products. Population Assessment of
Tobacco and Health (PATH) Study [United States] Restricted-Use Files. ICPSR36231-v29.Ann Arbor, MI: Inter-university Consortium for Political and Social Research

[distributor], December 16, 2021. https://doi.org/10.3886/ICPSR36231.v29

Discussion
Taken together, these findings are the first to show that youth who
perceive e-cigarettes to be of “no” harm and “unlikely” for ad-
dictiveness had increased hazard ratios of initiating ever e-cigarette
use, as well as first reporting past 30-day e-cigarette use, at earlier
ages compared to youth who understand the potential for e-
cigarette harmfulness and addictiveness. There are clear differ-
ences in both ever e-cigarette initiation and first report of past 30-
day e-cigarette initiation across youth ages, in which those with
lower risk perceptions of e-cigarette harmfulness and addictiveness
have higher incidence of initiation compared to those with high
risk perceptions. The cumulative incidence of initiation was also
higher among youth with lower perceptions of harmfulness and
addictiveness compared to youth overall. For example, among
youth who perceived e-cigarettes to be of no/little harm, 19.2%
initiated ever e-cigarette use, compared to 11.7% of youth overall
who initiated ever e-cigarette use by age 15 1o

The findings presented here can be used to compare with
tuture studies that have been conducted after federal law changed
the minimum age of tobacco sale from 18 to 21 years33 to de-
termine the impact this law has had on the age of e-cigarette
initiation. Furthermore, the e-cigarette market has diversified in
recent years with JUUL entering the market in 2017, and nicotine
concentration in e-cigarettes sold increased between 2013-
2018, yet it is unknown how these factors will influence the age
of e-cigarette initiation. While there are other risk factors that
contribute to e-cigarette use that should be explored, such as

exposure to e-cigarette advertisements, other drugs or alcohol use,
state/region of the USA, peer34 and family influences,”® e-
cigarette flavors,
cigarette use,> future research should explore these factors to
determine their impact on the age of e-cigarette initiation.

and perceived costs and benefits to e-

Our findings are similar to previous research, which has
found that lower perceptions of e-cigarette harmfulness and
addictiveness are associated with e-cigarette initiation. For
example, among PATH youth (12-17 years old) who were never
users of e-cigarettes in 2013-2014, compared to those who
perceived e-cigarettes to be “high” in harm (i.e., a lot of harm),
those who perceived e-cigarettes to be of “low” (i.e., no/little
harm) or “medium” (i.e., some harm) harmfulness had an in-
creased probability of ever e-cigarette initiation at follow-up in
2014-2015.% Specifically, among youth who found e-cigarettes
to be “low” in harmfulness, the probability of ever e-cigarette
initiation at follow-up was 14% (95%CI = 12-15%) compared to
8% (95%CI = 7-10%) and 6% (95%CI = 5-7%) among youth
who perceived e-cigarettes to be “medium” and “high” harm-
fulness.”> Our findings extend this previous work by finding
that perceptions of e-cigarette harmfulness are associated with
earlier ages of ever e-cigarette initiation and first reporting past
30-day e-cigarette use among never e-cigarette users.

In terms of perceived addictiveness, ever e-cigarette initiation at
follow-up was also highest among youth (12-17 years old) who
perceived e-cigarettes to be of “low” addictiveness (i.e., very or
somewhat unlikely) compared to youth who perceived e-cigarettes to
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Table 3. Estimated hazard functions? (95% confidence intervals®) of the age of initiation of ever e-cigarette use for PATHY US youth (12-17 years old at
their first wave of PATH participation) stratified by perceptions® of e-cigarette harmfulness and addictiveness.

AGE OF INITIATION OF EVER E-CIGARETTE USE

PERCEPTIONS OF E-CIGARETTE HARMFULNESS

NO/LITTLE HARM

SOME HARM

A LOT OF HARM

DON'T KNOW

NEVER HEARD OF
E-CIGARETTES

12 0.0 0.0 0.0 0.0 0.0
13 4.9 (3.1- 6.6) 3.7 (3.2- 4.2) 1.3 (.0- 3.0) 1.9 (2- 3.6) 1.6 (.0- 3.1)

14 11.0 (3.8- 18.2) 7.7 (7.0- 8.4) 5.3 (2.9- 7.8) 4.1 (8-7.4) 3.2 (.0- 6.3)

15 19.2 (6.2- 32.1) 13.7 (12.8- 14.6) 9.3 (7.8- 10.8) 7.1 (2-14.1) 4.8 (3.2- 6.4)
16 26.8 (17.8- 35.8) 22.2 (19.7- 24.7) 13.3 (9.6- 17.1) 14.1 (5.7- 22.6) 7.4 (3.0- 11.8)
17 41.0 (30.0- 52.0) 35.9 (32.8- 38.9) 20.8 (15.0- 26.6) 24.1 (6.9- 41.3) 8.6 (3.8- 13.4)
18 46.1 (34.7- 57.5) 46.5 (41.3- 51.6) 32.4 (24.9- 40.0) 31.2 (21.4- 41.0) 14.6 (9.8- 19.5)
19 59.6 (45.2- 73.9) 48.4 (45.5- 51.4) 34.3 (30.2- 38.4) 36.7 (27.6- 45.8) 23.9 (17.2- 30.7)
20 65.0 (54.2- 75.9) 52.3 (49.3- 55.2) 37.9 (32.8- 43.0) 56.2 (32.6- 79.9) 31.1 (22.6- 39.5)
21 N/A 58.6 (47.2- 70.0) N/A N/A N/A

AGE OF INITIATION OF EVER E-CIGARETTE USE

PERCEPTIONS OF E-CIGARETTE ADDICTIVENESS

VERY/SOMEWHAT NEITHER LIKELY VERY/SOMEWHAT DON'T KNOW NEVER HEARD OF
UNLIKELY NOR UNLIKELY LIKELY E-CIGARETTES

12 0.0 0.0 0.0 0.0 0.0

13 3.3 (.0- 6.7) 4.0 (3.1- 4.9) 3.1 (1.6- 4.6) 2.8 (1.6- 3.9) 1.6 (.0- 3.1)

14 5.9 (.0- 12.3) 8.7 (7.5- 9.8) 6.6 (5.8- 7.3) 5.7 (1.6- 9.9) 3.2 (.0- 6.3)

15 12.7 (4.9- 20.5) 14.9 (8.3- 21.6) 12.0 (11.0- 13.1) 9.9 (5.8- 14.0) 4.8 (3.2- 6.4)

16 19.3 (7.0- 31.5) 23.9 (19.8- 28.0) 18.7 (17.4- 20.0) 15.5 (7.4- 23.6) 7.4 (3.0- 11.8)

17 235 (17.5- 29.5) 39.0 (30.9- 47.1) 29.9 (27.1- 32.7) 24.1 (12.2- 36.0) 8.6 (3.8 13.4)

18 457 (31.5- 59.9) 51.7 (42.5- 60.9) 40.7 (34.9- 46.5) 25.9 (20.7- 31.0) 14.6 (9.8- 19.5)

19 56.9 (49.3- 64.5) 51.7 (48.5- 55.0) 42.6 (39.3- 45.9) 38.4 (31.4- 45.5) 23.9 (17.2- 30.7)

20 67.2 (46.9- 87.5) 60.5 (54.7- 66.3) 45.1 (42.3- 47.9) 44.2 (32.8- 55.6) 31.1 (22.6- 39.5)

21 N/A N/A 50.6 (39.5- 61.7) N/A N/A

2Hazards are reported as cumulative percentages (i.e., cumulative incidence).

PTurnbull 95% confidence interval.
°Perceptions of harmfulness and addictiveness were measured at participants’ first wave of PATH participation (waves 1-3).
9PATH restricted file received disclosure to publish: March 15, 2022.United States Department of Health and Human Services. National Institutes of Health. National Institute
on Drug Abuse, and United States Department of Health and Human Services. Food and Drug Administration. Center for Tobacco Products. Population Assessment of
Tobacco and Health (PATH) Study [United States] Restricted-Use Files. ICPSR36231-v13.Ann Arbor, MI: Inter-university Consortium for Political and Social Research

[distributor], November 5, 2019. https://doi.org/10.3886/ICPSR36231.v29

be of “high” (i.e., somewhat or very likely) addictiveness (P < 001).%
A different PATH study that used multiple logistic regression to
estimate the odds of ever e-cigarette initiation in 2014-2015 among
never e-cigarette users in 2013-2014 found that youth (12-17 years)
who perceived that e-cigarettes are of “no/little harm” had increased

these products posed “a lot of harm”.”® Our results are consistent
with and extend these previous studies by finding that youth who
perceived the likelihood of someone becoming addicted to e-
cigarettes to be “very/somewhat unlikely” or “neither likely nor
unlikely” had increased risk of initiating ever e-cigarette use and first

risk of ever e-cigarette initiation compared to youth who believed reporting past 30-day e-cigarette use at earlier ages compared to
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Table 4. Estimated hazard functions? (95% confidence intervals®) of the age of first reporting past 30-day e-cigarette use for PATH® US youth stratified

by perceptions of e-cigarette harmfulness and addictiveness®.

AGE OF INITIATION OF PAST 30-DAY E-CIGARETTE USE

PERCEPTIONS OF E-CIGARETTE HARMFULNESS

NO/LITTLE HARM

SOME HARM

A LOT OF HARM

DON'T KNOW

NEVER HEARD OF
E-CIGARETTES

12 0.0 0.0 0.0 0.0 0.0

13 2.4 (1.4- 3.5) 12 (2-2.2) 5(0-1.3) 1.0 (.0- 2.1) 3(0-.7)

14 5.0 (.0- 10.2) 2.8 (1.5- 4.1) 1.3 (.0- 2.8) 1.0 (.0- 2.1) 8(2-1.4)

15 8.5 (5.7- 11.4) 5.2 (4.5- 5.8) 3.3 (2.4- 4.2) 2.7 (.6- 4.8) 2.0 (.3-37)

16 9.1 (4.5- 13.7) 8.7 (7.8- 9.6) 5.3 (1.6- 8.9) 3.9 (1.0- 6.9) 2.5 (1.3-3.8)
17 24.7 (10.2- 39.1) 14.6 (10.7- 18.5) 8.9 (4.8-13.1) 17.2 (.0- 36.6) 5.4 (2.3- 8.5)
18 29.2 (19.4- 38.9) 27.6 (25.5- 29.6) 16.4 (13.3- 19.6) 17.2 (7.4- 27.1) 12.3 (3.7- 20.8)
19 36.5 (29.3- 43.7) 27.6 (25.5- 29.6) 16.4 (13.5- 19.4) 26.6 (13.6- 39.5) 12.3 (7.8- 16.7)
20 48.1 (30.9- 65.2) 32.7 (29.8- 35.6) 18.5 (14.6- 22.3) 27.3 (7.6- 47.0) 19.2 (10.6- 27.8)
21 N/A N/A 31.2 (7.8- 54.6) N/A N/A

AGE OF INITIATION OF EVER E-CIGARETTE USE

PERCEPTIONS OF E-CIGARETTE ADDICTIVENESS

VERY/SOMEWHAT NEITHER LIKELY VERY/SOMEWHAT DON'T KNOW NEVER HEARD
UNLIKELY NOR UNLIKELY LIKELY OF E-CIGARETTES

12 0.0 0.0 0.0 0.0 0.0

13 N/A 1.6 (1.0- 2.2) 9 (.0-2.2) 2 (.0- .5)° 3(.0-.7)

14 1.1 (.0- 2.4) 2.7 (.0- 5.4) 2.3 (1.2-3.3) 2.3 (.9- 3.6) 8(2-1.4)

15 6.2 (3.5- 9.0)° 5.6 (1.1- 10.4) 4.4 (3.9-5.0) 3.2 (7-57) 2.0 (.3-3.7)

16 10.0 (1.1- 18.8) 9.8 (7.6- 11.9) 7.3 (6.2- 8.4) 6.0 (1.9- 10.0) 2.5 (1.3- 3.8)

17 11.9 (6.8- 17.0) 13.1 (6.9- 19.3) 13.2 (9.9- 16.6) 12.1 (3.3- 20.9) 5.4 (2.3- 8.5)

18 31.9 (24.0- 39.8) 31.0 (24.9- 37.2) 22.6 (20.5- 24.6) 13.9 (4.8 23.1) 12.3 (3.7- 20.8)

19 31.9 (24.8- 39.1) 31.0 (28.4- 33.6) 22.7 (20.8- 24.6) 24.8 (14.7- 34.9) 12.3 (7.8- 16.7)

20 44.0 (26.3- 61.7) 40.0 (35.0- 45.0) 25.2 (22.7- 27.8) 28.3 (16.6- 40.1) 19.2 (10.6- 27.8)

21 N/A N/A 31.8 (23.2- 40.4)° 31.6 (18.7- 44.5) N/A

2Hazards are reported as cumulative percentages (i.e., cumulative incidence)

PTurnbull 95% confidence interval

°PATH restricted file received disclosure to publish: March 29, 2022.United States Department of Health and Human Services. National Institutes of Health. National Institute
on Drug Abuse, and United States Department of Health and Human Services. Food and Drug Administration. Center for Tobacco Products. Population Assessment of
Tobacco and Health (PATH) Study [United States] Restricted-Use Files. ICPSR36231-v13.Ann Arbor, MI: Inter-university Consortium for Political and Social Research
[distributor], November 5, 2019. https://doi.org/10.3886/ICPSR36231.v29 a: midpoint of interval represents 14 and 23 weeks; b: midpoint of interval represents 15 and
30 weeks; c: midpoint of interval represents 21 and 18 weeks; d: midpoint of interval represents 13 and 20 weeks

9Perceptions of harmfulness and addictiveness were measured at participants’ first wave of PATH participation (waves 1-3)

youth who perceived the likelihood of someone becoming addicted Previous research has shown that many youth think that e-

cigarettes don’t contain nicotine. Specifically, one study found
that 63% of JUUL users (15-24 years old) did not know that
JUUL products always contain nicotine.*®* Other troubling
findings include a previous study by the CDC, which found that
99% of e-cigarettes tested and on the market in the U.S. in

to e-cigarettes to be “very/somewhat likely”. It should be noted that
e-cigarette use is associated with nicotine dependence,23’24’37 with a
previous study of youth (13-18 years old) e-cigarette users finding
that e-cigarette dependence significantly increased after one year
among past 30-day e-cigarette users (P = .004).24
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2013-2014 contain nicotine of varying levels, even in e-
cigarettes with labels claiming they contain 0% nicotine.>’
In fact, a different study of young people ages 12-21 in
2017-2018 found that 27% of e-cigarette users who said
their e-cigarette contained no nicotine had cotinine levels
above the cutoff that indicates nicotine exposure.40 These
findings suggest that e-cigarette companies are not forth-
coming about the addiction potential posed by their
products. The U.S. needs stronger policies around regu-
lating nicotine content level claims made by e-cigarette
companies and e-cigarette labels*! since several studies
have shown that they are not accurate.”>”** Future research
should examine if perceptions of e-cigarette harmfulness
and addictiveness have changed as nicotine concentration in
e-cigarettes increased with JUUL entering the market and
the number of flavors grew.

While research on the health harms associated with e-
cigarette use is in its early stages, there are studies that
indicate the potential for harmful respiratory outcomes as-
sociated with e-cigarette use.*>** There are also e-cigarette
flavorings that when inhaled result in respiratory disease and
respiratory flow resistance.*>***> Other pulmonary toxi-
cants often found in e-cigarettes include propylene glycol,
diacetyl, cinnamaldehyde, benzaldehyde, and trace metals,
which may contribute to poor respiratory health.*> E-
cigarette use has also been shown to contribute to cardio-
vascular disease in animal models.*>*” Thus, it is important
to communicate the harms associated with e-cigarette use, as
the use of nicotine products is a lifelong behavior among
many people. These data were also collected prior to the
COVID-19 pandemic, and a recent national survey of youth
and young adults (n = 4,351, aged 13-24 years old) has
shown that COVID-19 infections were more common
among ever e-cigarette users (AOR = 5.05; 95%CI = 1.82-
13.96) compared to never users.” It is possible that youth
may be more inclined to protect their respiratory health given
the association between e-cigarette use and COVID-19, but
more research is needed to determine if these historical
events have translated to changes in e-cigarette risk per-
ceptions and changes in e-cigarette use. Our findings can
serve as a baseline to compare with future studies conducted
after this historical event.

Strengths and Limitations

One limitation of our study is the subjectivity in the per-
ception measures questions, but it is not possible to quantify
a person’s perceptions. While measures of relative perceived
harmfulness and addictiveness (i.e., compared to cigarettes)
have been the standard in tobacco research, youth often have
misperceptions about how “less harmful/addictive than
cigarettes” does not mean that e-cigarettes are not harmful or
addictive.'” However, these relative perceived harmfulness
and addictiveness of e-cigarette in comparison to cigarette

could be for example more appropriate to explore among
cigarette users who may initiate e-cigarette to reduce ciga-
rette use. In addition, the question used to measure e-
cigarette use at wave 1 uses the term “e-cigarettes”, while
in waves 2-4 the term “electronic nicotine products” is used.
Another limitation of the study is that we rely on self-
reported data for e-cigarette use to estimate the age of
initiation because asking participants the exact date they
initiated e-cigarettes is unrealistic. However, we overcome
this limitation with the use of weighted interval-censoring
Cox proportional hazards models. In addition, there are
other risk factors that contribute to e-cigarette use that
should be explored, such as exposure to e-cigarette mar-
keting, use of other drugs, alcohol use, state/region of the
USA, peer/family influences, e-cigarette flavors, etc. We did
not include wave as a covariate as the “shadow youth” sample
sizes only accounted for youth who became adults in the
following wave, and therefore, the wave of entry does not
measure changes in e-cigarettes products on the market.
These factors were outside the scope of the current study.
Perceived addictiveness of e-cigarettes were not measured
among adults therefore exploring time varying effects was
not possible. Finally, the study data was collected from 2013-
2017, and research is needed with more recent data to see
how changes in the e-cigarette marketplace and historical
events such as COVID-19 have impacted the age of e-
cigarette initiation. It is unclear how these events have
impacted perceptions of e-cigarette harmfulness and ad-
dictiveness. However, conducting nationally representative
research is time consuming and we were only funded to use
data until wave 4. Strengths of the study include the use of a
nationally representative dataset and the longitudinal pro-
spective analysis on the age of initiation of e-cigarette use

across PATH waves 1-4.

Conclusion

In conclusion, we provide novel evidence that youth with
lower risk perceptions of e-cigarette harmfulness and ad-
dictiveness had increased hazard risk of initiating ever e-
cigarette use and first reporting past 30-day e-cigarette use at
earlier ages compared to youth with higher risk perceptions.
If policies were implemented with the goal of achieving a
10% reduction in e-cigarette use, prevention and interven-
tion campaigns would need to be implemented in youth
before age 14 among youth with lower risk perceptions (i.e.,
those who perceive e-cigarettes to be of “no/little harm” and
“very/somewhat unlikely” for addictiveness). Prevention and
education campaigns need to create stronger messaging
around the potential harms and potential for addictiveness
associated with e-cigarette use, not only to researchers but
for the general public, including parents, teachers, and
pediatricians.
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