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BACKGROUND: Adolescent e-cigarette use has increased rapidly in recent years, but it is unclear
whether e-cigarettes are merely substituting for cigarettes or whether e-cigarettes are
being used by those who would not otherwise have smoked. To understand the role of
e-cigarettes in overall tobacco product use, we examine prevalence rates from Southern
California adolescents over 2 decades.

meTHoDS: The Children’s Health Study is a longitudinal study of cohorts reaching 12th
grade in 1995, 1998, 2001, 2004, and 2014. Cohorts were enrolled from entire classrooms
in schools in selected communities and followed prospectively through completion of
secondary school. Analyses used data from grades 11 and 12 of each cohort (N = 5490).

RESULTS: Among 12th-grade students, the combined adjusted prevalence of current cigarette
or e-cigarette use in 2014 was 13.7%. This was substantially greater than the 9.0%
adjusted prevalence of current cigarette use in 2004, before e-cigarettes were available (P =
.003) and only slightly less than the 14.7% adjusted prevalence of smoking in 2001 (P =.54).

Similar patterns were observed for prevalence rates in 11th grade, for rates of ever use,
and among both male and female adolescents and both Hispanic and Non-Hispanic White

adolescents.

concLusions: Smoking prevalence among Southern California adolescents has declined over 2
decades, but the high prevalence of combined e-cigarette or cigarette use in 2014, compared
with historical Southern California smoking prevalence, suggests that e-cigarettes are

not merely substituting for cigarettes and indicates that e-cigarette use is occurring in

adolescents who would not otherwise have used tobacco products.
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WHAT’S KNOWN ON THIS SUBJECT: E-cigarette

use has increased rapidly in recent years among
adolescents. It is unknown whether e-cigarettes

are merely substituting for cigarettes or whether
e-cigarettes are increasing total adolescent tobacco
product use via initiation by those who would not
otherwise have smoked.

WHAT THIS STUDY ADDS: The high prevalence of
combined e-cigarette or cigarette use in 2014,
compared with historical Southern California
smoking prevalence, suggests that e-cigarette use is
occurring in adolescents who would not otherwise
have used tobacco products.
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Since the introduction of electronic
cigarettes into the US market in
2007, adolescent use has increased
rapidly, particularly in the past
several years. Data from the National
Youth Tobacco Survey (NYTS), a
nationally representative cross-
sectional survey of adolescents in
the United States, show that current
(past 30-day) use of e-cigarettes
increased exponentially from 1.1%
in 2011 to 16.0% in 2015 among
high school students.2-¢ While the
prevalence of e-cigarette use is
increasing, cigarette use is generally
declining among adolescents; in

the NYTS, current cigarette use
among high school students fell from
15.8% in 2011 t0 9.2% in 2014,%356
continuing the decline in prevalence
of cigarette use among adolescents
from its most recent peak in the
mid-1990s when the prevalence

of current smoking reached 35%.”
Of note, the prevalence of cigarette
smoking did not continue to decline
from 2014 (9.2%) to 2015 (9.3%).6
In 2014, current use of e-cigarettes
surpassed current cigarette use for
the first time in several national
studies (including the NYTS? and the
Monitoring the Future Study?®), as
well as in a number of local and state-
level studies,’~1 including our study
of Southern California adolescents.1?

There are multiple interpretations
of recent trends in e-cigarette and
cigarette use among adolescents.
Adolescents who otherwise

would have smoked may be using
e-cigarettes instead of cigarettes.
Alternatively, e-cigarettes may be
recruiting new users who otherwise
would not have initiated cigarette
use (or perhaps any other tobacco
product) if e-cigarettes were not
available. Recent data from the 2015
NYTS found a small, nonsignificant
increase in the use of any tobacco
product from 2013 to 2015 (from
22.9% to 25.3%).26 The increase in
overall tobacco product use appears
to be largely driven by increases in
e-cigarette and hookah use in 2013

and 2014, and continued increases

in e-cigarette use in 2015, along with
no decline in cigarette smoking from
2014 to 2015.23 Although these data
provide insight into trends over the
preceding 3 years, adolescent tobacco
use has declined for >20 years.” The
impact of e-cigarettes on adolescent
tobacco use trends that have evolved
over longer periods is unknown.

We analyzed data from the Southern
California Children’s Health Study
(CHS), a prospective study of 5
cohorts reaching 12th grade in 1995,
1998, 2001, 2004, and 2014, to
describe patterns of smoking among
adolescents across these years.

On the basis of historical data on
smoking initiation over the course
of adolescence in these cohorts,

we compared the rate of total
e-cigarette or cigarette use in 2014
to the rate of cigarette use in 2004
before e-cigarettes were available;
we hypothesized that an increase
from this benchmark may indicate
that e-cigarettes are currently being
used by adolescents who would

not otherwise have smoked if
e-cigarettes were not available.

METHODS

Study Sample

The CHS is a prospective cohort
study (1993-present), originally
designed to study the effects of
childhood air pollution exposure.!3-1°
It comprises 5 cohorts of adolescents
(Cohorts A-E) who were recruited
and followed through 12th grade
(Table 1). Recruitment methods

and data collection procedures have
been described previously.12-15
Briefly, participants were enrolled
from entire classrooms in schools in
selected communities in Southern
California'?14 in 10th grade (Cohort
A, 1993), seventh grade (Cohort B,
1993), fourth grade (Cohort C, 1993
and Cohort D, 1996), kindergarten
(Cohort E1, 2003), or first grade
(Cohort E2, 2003). The current
analysis uses available data from

grades 11 and 12 of each cohort
from participants who answered
questions about tobacco product
use (N = 5490; 11th grade: mean age
[SD] =16.9 [0.4]; 12th grade: mean
age [SD] =17.9 [0.4]. In Cohorts A
through D, history of cigarette use
was collected by in-person interview
every year at schools as they were
followed over time.1>16 Among
participants in Cohorts A through D
with data available from 11th or 12th
grade, 85.7% of the sample provided
information on smoking history

in both 11th and 12th grades and
therefore contributed to prevalence
estimates in both years; 10.6%
contributed to 11th grade analyses
only and 3.7% contributed to 12th
grade analyses only. In Cohorts

E1 and E2, who were separated

by 1 grade, smoking history was
collected every other year, so both
11th- and 12th-grade subjects were
included in the 2014 survey. In
2014, smoking history in Cohorts

E1 and E2 was collected by self-
administered questionnaires under
study staff supervision. Cohort A
through D subjects were all recruited
from the same 12 communities;
Cohorts E1 and E2 were recruited
from 13 communities, of which

12 participated in the 2014 data
collection and 8 were the same as
Cohorts A through D.

Ethics Statement

The study was approved by the
University of Southern California
Institutional Review Board. Written
informed consent was obtained
before data collection.

Cigarette and E-Cigarette Use

In all CHS cohorts, participants were
asked the number of cigarettes

or packs of cigarettes that they

had smoked in the past 24 hours,
past week, past month, past year,
and in their lifetime. In each year,
participants were classified as
current users if they reported
smoking >1 cigarettes in the past

BARRINGTON-TRIMIS et al
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24 hours, past week, or past month;
participants were classified as ever
users if they reported either (1) use
in the past year or in their lifetime or
(2) listed an age at which they had
first smoked. This classification was
used for all prevalence estimates of
cigarette use alone, across all cohorts.

In 2014, smoking history was
assessed in Cohort E participants (in
grades 11 and 12) using the same
question as in Cohorts A through D,
along with 2 additional questions that
asked about the age at which each
participant had first used a cigarette
(“even 1 or 2 puffs”) and the number
of days smoked in the past 30 days.
In addition, use of e-cigarettes was
assessed for the first time using the
new questions. Adolescents who

had used cigarettes or e-cigarettes
on at least 1 of the past 30 days

were classified as “current users”

of that product. “Ever users” were
adolescents who reported having
ever tried a product. Analyses
evaluating combined product use

of cigarettes or e-cigarettes in
Cohorts E1 and E2 were based on
responses to the new questions. The
prevalence rates both for current
and ever cigarette use were quite
similar using either set of questions,
differing by 0.1% for current use and
1.6% for prevalence of ever smoking,
and the results of analyses were

not substantively different using
either set of questions. Therefore,

in Cohort E we used the prevalence
rates derived from the new questions
about cigarette use, which we have
reported previously'? and which
were common to those used to assess
e-cigarette prevalence rates.

Statistical Analysis

Prevalence estimates for ever and
current cigarette use were calculated
by cohort and grade, using the
questionnaire items assessed across
all cohorts. In Cohort E (in 2014), we
calculated the combined prevalence
of cigarette or e-cigarette use (ever or
current), which included adolescents

who reported use of either product
or dual use of both products. Logistic
regression models were used to
estimate smoking prevalence for each
cohort by grade, with adjustment

for self-reported sex, ethnicity
(Hispanic, non-Hispanic white, or
other), and parental education (less
than high school education, high
school graduate, some college, college
degree, some graduate school or
higher, unknown/missing). Adjusted
models were used to account for the
different distribution across cohorts
of socioeconomic factors known to be
associated with cigarette use. These
models were applied separately to
current smoking and ever smoking.
The distributions of sex, ethnicity,
and parental education in Cohort

E were used as the reference for
calculating the adjusted prevalence
estimates from the logistic model.
Logistic regression models were

also used to evaluate trends in the
prevalence of cigarette use (ever

or current) over calendar time, by
including year of data collection

as a continuous predictor variable

in separate analyses by grade.
Logistic regression models with

an interaction term were used to
evaluate whether the pattern of
cigarette use across cohorts varied
by ethnicity or sex. In analyses to
assess the sensitivity of results to the
participation of different Southern
California communities in different
cohorts, we additionally restricted
analyses to the 8 communities
common to all years of all cohorts
and adjusted for community. The
Statistical Analysis System (SAS,
version 9.4) was used for analyses,
and figures were created using Stata,
version 13.1. All hypothesis testing
was conducted assuming a .05
significance level.

RESULTS

Demographic characteristics for
each cohort are shown in Table 2.
The earlier cohorts (A-D) included a



Cohort E2P
N (%)
896
896
468 (52.2)
428 (47.8)
443 (49.4)
346 (38.6)
107 (11.9)

Cohort E1P
N (%)
1159
1159

555 (47.9)

604 (52.1)

612 (52.8)

384 (33.1)

163 (14.1)

Cohort D2
N (%)
985
916
774
520 (52.8)
465 (47.2)
290 (29.4)
530 (53.8)
165 (16.8)

Cohort C?
N (%)
1076
1016
880

570 (53.0)

506 (47.0)

297 (27.6)

625 (58.1)

154 (14.3)

5490

Cohort B2
N (%)
615
565
520
328 (53.3)
287 (46.7)
143 (23.3)
362 (58.9)
110 (17.9)

Cohort A2
N (%)
759
713
627
402 (53.0)
357 (47.0)
193 (25.4)
436 (57.4)
130 (17.1)

5490)

Non-Hispanic White

Other
Highest parental educationdf

12
Sex
Male
Female
Race/ethnicity?
Hispanic White

11

TABLE 2 Demographic Characteristics of Participants Enrolled in the CHS, by Cohort, 1994-2014, N

Total (N
Gradecde

~

greater proportion of non-Hispanic

white adolescents (54%-59%),
whereas Cohorts E1 and E2 included

I l5=%3 more Hispanic adolescents (49%-

- 53%). The distributions of the

highest level of parental education

differed among the cohorts.

The adjusted prevalence of current
AAAAA smoking among high school students
AN D W o dD .

SRR decreased over time from 1995 to

arms g 2014 in both 11th and 12th grades
ST (Pyeng <-0001; Fig 1 A and B). Among

12th-grade students in Cohort A
(1995), the adjusted prevalence
of current smoking was 19.1%;
prevalence of use decreased to

Gelll g 17.1% in Cohort B (1998), 14.7%
sasso| s in Cohort C (2001), 9.0% in Cohort
T=I==| s¢ D (2004), and 7.8% in Cohort E
53 (2014). Although the prevalence of
£s s current cigarette use was lowest
fg 5 ; among students in both grades in
% 5 = 2014, the combined prevalence of
§s £ current cigarette and/or e-cigarette
% g § use was similar to or greater than
S E z that for cigarette use alone 10 to
é g ; 15 years ago, before e-cigarettes
£E = were available (Fig 1 A and B). For
g = example, among 12th-grade students,
55 38 the adjusted prevalence of combined
see | 5= 2 use of either product in 2014 was
—S8S3g| 58 & 13.7% (3.8% dual users of cigarettes
e8gBy| E£E S and e-cigarettes, 3.9% cigarette
g 2 5 only users, and 6.0% e-cigarette
s £ & only users), which was similar to
5§ S the 14.7% prevalence of cigarette
é %’ g use in 2001 (P =.54), and nearly
fEE—~| 225 © 5 percentage points higher than
a8z 2¢g < £ the adjusted prevalence of current
TE8Rs| £.8 ; cigarette use in 2004 (9.0%; P =
£5% T .003).
% 2 % i ?—g The prevalence of ever cigarette
s e - 5 g use followed similar patterns of an
g E 8 ,SE overall decrease over time across
285583 Cohort A (1994-1995) to Cohort E
2 2 5 Z §' g (2014) for both 11th- and 12th-grade
£358<3 students (P4 <.0001; Fig1C
3| I é % % % g and D). However, the 11th- and
=l § 2 ‘§ g ; g 12th-grade prevalence rates for
. o8 g8 E Epcls ever cigarette use in 2014 were not
EEERE SSEEE8S statistically significantly lower than
i” & % % ‘Z" 2 I é 58 E“ g the prevalence in Cohort D 10 years
S88z5|egsefee earlier in 2003-2004 (P = .59, 0.56,
(o227 & respectively). The prevalence of
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FIGURE 1

Adjusted prevalence estimates among adolescents in the GHS by cohort for current cigarette use (all cohorts), and current cigarette or e-cigarette use

(Cohort E) in (A) grade 11 and (
(D) grade 12, 1994—2014.

combined ever use of cigarettes or
e-cigarettes also surpassed rates of
ever cigarette use more than a decade
ago. Among 12th-grade students, the
adjusted prevalence of ever use of
either cigarettes or e-cigarettes in
2014 was 32.1%, substantially higher
than the adjusted prevalence of ever
cigarette use in 2004 (20.4%; P <
.0001), and slightly higher than the
adjusted prevalence in 2001 (30.2%);
P=.41).

Among both male and female
adolescents, the prevalence of
cigarette or e-cigarette use (ever
or current) in both 11th and 12th

PEDIATRICS Volume 138, number 2, August 2016

B) grade 12 and for ever cigarette use (all cohorts) and ever cigarette or e-cigarette use (Cohort E) in (

grades in 2014 was higher than the
prevalence of smoking in 2003-2004
and was generally similar to the
prevalence of smoking in 2000-2001
(Fig 2 A-D). There was no difference
between sexes in these patterns

of decline in smoking over time
(interaction P >.05). The prevalence
of current and ever use of cigarettes
within cohorts was higher among
male than among female adolescents,
with more pronounced differences
observed among 12th-grade
students; combined rates of
e-cigarette or cigarette use in 2014
were also larger in male than female
adolescents.

C) grade 11 and

The prevalence of current and ever
smoking also decreased over time
from 1994 to 2014 among both
non-Hispanic white adolescents and
Hispanic adolescents (P <.0001; Fig
3 A-D; interaction P for ethnicity
>.05). In both ethnic groups, the
combined prevalence of current
cigarette or e-cigarette use in 2014
exceeded the rate of current cigarette
use in 2003 (11th grade) or 2004
(12th grade). For example, among
non-Hispanic white 12th-grade
students, the combined rate of
current cigarette or e-cigarette use
in 2014 in Cohort E was identical to
the rate of smoking in 2001 (17.2%;
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FIGURE 2

Prevalence estimates among adolescents in the CHS by cohort and sex for current cigarette use (all cohorts) and current cigarette or e-cigarette use
(Cohort E) in (A) grade 11 and (B) grade 12 and for ever cigarette use (all cohorts) and ever cigarette or e-cigarette use (Gohort E) in (C) grade 11 and

(D) grade 12, 1994-2014.

5.0% dual use, 4.4% cigarette only
use, 7.8% e-cigarette only use); the
rate of combined use among Hispanic
white adolescents in 2014 (12.0%;
2.9% dual use, 5.0% cigarette only
use, 4.1% e-cigarette only use) was
>3 percentage points higher than

the rate of smoking in 2004 (8.8%)
and only slightly less than the rate

of smoking in 2001 (13.8%). Similar
patterns were observed for ever use
in both ethnicities; the combined rate
of cigarette or e-cigarette use in 2014
in 11th- and 12th-grade students
was higher than the rates of smoking
10 years earlier in both ethnic
groups. We did observe differences

in rates of smoking within cohorts
between Hispanic and non-Hispanic
white study participants. Current
smoking prevalence was consistently
higher among non-Hispanic white
adolescents than among Hispanic
white adolescents (Fig 3 A and B),
but ever use was generally similar
or modestly higher among Hispanic
white adolescents than among non-
Hispanic white adolescents (Fig

3 Cand D). In 2014 the combined
prevalence of e-cigarette or cigarette
use (both current and ever) was
greater in Hispanic whites than
non-Hispanic whites in 11th grade,
which appears to result from higher

prevalence of cigarette only use
(dual and e-cigarette only use was
similar across both groups). In 12th
grade, the combined prevalence

of e-cigarette or cigarette use was
greater in non-Hispanic whites
than Hispanic white youth, largely
resulting from greater levels of
e-cigarette and dual product use.

In analyses restricted to the 8
communities with data available
across all cohorts, trends in
prevalence across cohorts and across
grades within cohorts, as well as the
ethnic- and sex-specific patterns,
were similar to those observed in the
entire sample (data not shown).

BARRINGTON-TRIMIS et al
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FIGURE 3

Prevalence estimates among adolescents in the CHS by cohort and by ethnicity for current cigarette use (all cohorts), and current cigarette or e-cigarette
use (Cohort E) in (A) grade 11 and (B) grade 12 and for ever cigarette use (all cohorts) and ever cigarette or e-cigarette use (Cohort E) in (C) grade 11
and (D) grade 12, 1994-2014. HW, Hispanic white; NHW, non-Hispanic white.

DISCUSSION

These Southern California
communities have experienced

a marked decrease in adolescent
cigarette use over the past 2
decades. However, among both
11th- and 12th-grade students, the
combined prevalence of current
cigarette or e-cigarette use in 2014
was substantially greater than the
prevalence of smoking in 2004
(among 12th graders, eg, 13.7%
and 9.0%, respectively) and was
almost as high as the prevalence of
smoking in 2001 (14.7% for 12th
graders).

PEDIATRICS Volume 138, number 2, August 2016

This substantially increased
combined prevalence of cigarette
smoking or e-cigarette use in 2014,
compared with smoking rates a
decade earlier, when e-cigarettes
were not available, suggests that
e-cigarettes are not used only by
adolescents who would otherwise be
smoking cigarettes. If, for example,
the current rates of smoking would
not have changed from 2004 to 2014
in the absence of e-cigarettes, then
1.2% of adolescents in Southern
California, the difference between
the 7.8% adjusted prevalence of
cigarette use in 2014 and 9.0%

in 2004, may be substituting
e-cigarettes for cigarettes. An
additional 4.7% of e-cigarette users,
the difference between the 13.7%
combined prevalence of e-cigarette
or cigarette use in 2014 and the
9.0% prevalence of cigarette use

in 2004 likely would not have used
cigarettes if e-cigarettes were not
available, under the assumption
that the rate of smoking from 2004
to 2014 would not have changed.
The assumption that smoking rates
would not have decreased in the
absence of e-cigarettes likely makes
this estimate of the proportion of



e-cigarette users who would not
otherwise have used cigarettes
conservative.

The general prevalence patterns
and the findings compared with

the 2004 data were similar among
Hispanic and non-Hispanic white
participants and in male and female
participants; thus, tobacco control
interventions geared toward youth
are equally needed for youth of
both sexes and ethnicities. The
prevalence of cigarette use or
combined use (Cohort E only) did
differ by gender and ethnicity within
each cohort. Hispanic adolescents
were less likely to report cigarette
use in each cohort among both

11th- and 12th-grade students but
as likely to report ever use, a pattern
consistent with historically reported
ethnic comparisons.3717.18 Male
respondents were generally more
likely to report use of cigarettes,
e-cigarettes, or combined use of
cigarettes or e-cigarettes, which

is also consistent with previous
literature.?71219

A major strength of this study is the
use of >20 years of data collected
across 5 cohorts drawn from the
same CHS communities to assess
patterns of change in cigarette use
in Southern California. Because all
results were adjusted for the Cohort
E distribution of race/ethnicity, sex,
and parental education, it is unlikely
that differences across cohorts
were influenced by changes in
sociodemographic characteristics of
the population over time. The study
is also subject to some limitations.
Data on use of tobacco products
other than cigarettes were not
collected from earlier cohorts. Thus,
the contribution of hookah, cigar/
cigarillo, pipe, or smokeless tobacco
use to the prevalence of all tobacco
product use in earlier cohorts is not
known. Data from the NYTS have
shown relatively stable prevalence of
use of cigars and smokeless tobacco
from 2000 to 2012,20 followed by

a decrease in cigar and pipe use

and in smokeless tobacco use from
2011 to 2014.2 Although national
results may not be generalizable to
Southern California (and vice versa),
we cannot exclude the possibility
that e-cigarette use is substituting
for these combustible tobacco
products. No data are available on
trends in hookah use across the
periods of interest in this study, but
prevalence of hookah use increased
in the NYTS from 2011 to 2014,2 so
it seems unlikely that the increase in
prevalence of e-cigarette use during
this period reflects substitution of
e-cigarettes for hookah use among
participants who otherwise would
have smoked hookah use in previous
cohorts. Analyses were restricted

to Hispanic youth (historically an
underrepresented population in
tobacco regulatory science research)
and non-Hispanic white youth,

who comprise the majority of the
Southern California population; the
prevalence estimates were imprecise
in other racial/ethnic groups in

our study, which made up <20% of
the sample. Additional research is
needed to determine whether similar
patterns of product use over time
occurred in other racial groups and in
other geographic regions.

E-cigarettes have gained popularity
in recent years, in part because

of availability in a wide variety of
flavorings?! that may be appealing to
adolescents and young adults,??

the perception that e-cigarettes

are less harmful than smoking,23
absence or poor enforcement of
regulations on indoor use,?* and the
recent popularity of product-specific
venues that encourage use of these
products in social situations, such as
vape shops.25 Such characteristics
of e-cigarettes may be recruiting
new users who are deterred from
initiating cigarettes because of
concerns about the health hazards
of smoking and social stigmatization
of cigarette use.” There is concern
that the increasing prevalence of
e-cigarette use could even lead

to initiation of smoking among
previously nonsmoking adolescent
e-cigarette users in what has been
described as a “gateway effect,” either
as a result of social normalization of
alternative product use and smoking
behaviors more generally, leading

to renormalization of smoking or by
directly increasing use of cigarettes
through establishment of reward
seeking behaviors (eg, nicotine
dependence).26-30 Although our
results demonstrated a decline in
cigarette use in the past decade,

we also have observed a markedly
increased likelihood of intention to
use cigarettes3! among e-cigarette
users in the CHS in 2014 who had
never smoked, results which are
consistent with 2 recent studies
examining the association of
e-cigarette use with susceptibility to
smoking,2830 and recent longitudinal
studies that have found that never-
smoking e-cigarette users were more
likely to report use of cigarettes a
year later than never e-cigarette
users.32-34

The use of e-cigarettes by
nonsmoking adolescents poses
several potential public health
problems. First, use of e-cigarettes
containing nicotine may directly
contribute to nicotine dependence in
late adolescence or early adulthood,
putting adolescents at risk for
lifelong nicotine dependence.3>3¢
Use of e-cigarettes, even without
nicotine, may normalize tobacco
product use behaviors more
generally, which could then lead

to increased rates of addiction via
use of other nicotine-containing
products, including cigarettes and
other harmful combustible tobacco
products.3>-37 Second, in addition to
lifelong problems associated with
nicotine dependence, exposure to
nicotine in adolescence adversely
affects cognitive function and
development.1? There is also
evidence that e-cigarettes may
generate aldehydes and other toxic
chemicals and that flavoring additives

BARRINGTON-TRIMIS et al



may induce adverse respiratory
health effects in e-cigarette users.38
Although the adverse health effects
of e-cigarettes may be less than

those of cigarettes, the long-term
consequences of e-cigarette use are
not known because these products
have been on the market for less than
a decade.

CONCLUSIONS

Longitudinal data on emerging
adolescent tobacco and alternative
tobacco product use, including
detailed information on topography
of e-cigarette use and dose of

nicotine, are needed to understand
the role of e-cigarettes in nicotine
addiction and whether e-cigarette
users who have not used combustible
cigarettes will, in the future, continue
using e-cigarettes only, quit using
tobacco products altogether, or
progress to combustible cigarette
users or dual users of both products.
However, the high combined
prevalence of e-cigarette use or
cigarette use in 2014, compared
with historical Southern California
smoking prevalence, suggests

that adolescents are not merely
substituting e-cigarettes for

cigarettes but that e-cigarettes are
instead recruiting a new group of
users who would not likely have
initiated combustible tobacco
product use in the absence of
e-cigarettes, which poses a potential
threat to the public health of
adolescent populations.
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The Truth About

Menthol Cigarettes

Menthol is a flavoring that can be derived naturally from
mint plants or synthetically produced." This cool, minty
and fresh flavor is often used in products like lip balm,
cough medicine, mouth wash, and candy.? Menthol

is also used in cigarettes and makes smoking more

Increasing Menthol Use

Although cigarette use is declining in
the U.S., use of menthol cigarettes
has increased in recent years,
especially among young people and
new smokers.®

Approximately 19 mi"ion

Americans smoke menthol cigarettes,
including over 1 million adolescents.®

appealing to young and beginning smokers.’

A Public Health Threat

Easier to Inhale

The menthol flavor in cigarettes masks the harsh taste
of tobacco and makes the smoke feel smoother and

easier to inhale.!
While only 25% of all cigarettes sold

in the U.S. are labeled as menthol,

900/ 0 of all tobacco cigarettes

actually contain some menthol.”®

This makes it easier for new
smokers to start!

Menthol also allows smokers

to inhale more deeply, which

causes harmful particles to
settle deeper inside the lungs.?

Harder to Quit

Scientific studies show that the sensory
effects and flavor of menthol can make

cigarettes more addictive.? -\ = .\j

Menthol smokers show greater signs
of nicotine dependence and are less
likely to successfully quit smoking
than other smokers.*5




Disproportionate Marketing and Use

African American Communities cccceccececcccoccccacs

Tobacco industry documents reveal aggressive menthol tobacco product
marketing and higher rates of discounts and promotions on menthol cigarette
brands in African American neighborhoods.®

In California, 700/0 of African American adult cigarette smokers smoke menthol
cigarettes, compared to only 18% of white adult cigarette smokers."

® &6 06 06 0 06 06 0 06 0 0 0 0 0 0 0 0 0 0 0 o o LGBCommunities

PARLIAMENT The tobacco industry has also
Mertbot. ,Zfé’gfy targeted the lesbian, gay and
E ' bisexual (LGB) community.

4 Nearly 5090 of all LGB adult
T O cigarette smokers in California

Youth .c..cc0e

570/0 of smokers

smoke menthol cigarettes, in the U.S. age
compared to only 28% of straight 2 ekt e,
cigarettes."

adult cigarette smokers.'

Protecting our Communities

)
A National study found that 44.5% of African Americans and 44%0 of women \. .. -
would quit smoking if menthol cigarettes were banned.?
o) CODPH

California Department of

Prohibiting the sale of menthol cigarettes is a critical step to preventing a new

generation of Californians from becoming addicted to tobacco. PublicHealth
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SMOKELESS
TOBACCO

The use of flavored tobacco products such as cigars,
cigarillos, smokeless tobacco, hookah tobacco, and
e-liquids (used in e-cigarettes) has increased in recent
years.! These products use enticing flavors, colorful
packaging and lower prices to hook a new generation
of tobacco users.

Growing Teen Use

A majority of youth report flavoring
as a leading reason for using
tobacco products.® This includes:

82% of e-cigarette users

A Public Health Threat

Enticing Fruit and Candy Flavors

79% of hookah users

74% of cigar users
Sweet flavors like watermelon,
cherry, chocolate, mint, and gummy
bear appeal to kids and teens.?

69% of smokeless users

80 0/ of young people
0 who have ever used

tobacco started with a flavored

Flavorings mask the harsh taste
of tobacco which make it easier for

_ )
youth to initiate tobacco use. tobacco product.?

Marketed to Young People

Flavored tobacco products often use the same
flavoring chemicals as popular brands like Jolly
Rancher, Kool-Aid, and Life Savers.?

Zoutof 10

teens who use tobacco
have used a flavored
product in the past 30

: days.

Little cigars are often sold in small
packages for less than a dollar and
promoted as a low-cost alternative to
cigarettes.*®

Colorful packaging and placement
near the register makes them highly
visible and attractive to kids.*




Consequences for Our Youth

Long term addiction e cececeecesasoseces

The U.S. Surgeon General has warned that flavored
tobacco products help new users establish habits that
can lead to long-term addiction.’

Smokers who start
at a younger age,
are more likely to

. . Deadly develop a severe
Flavors like menthol in Add t nicotine addiction.”
tobacco products make it ICtion

harder for users to quit.8

ee 0o 0000 0 0 0 -o;oooooo-oooonoooocooooooo--ooo Serioushealthrisks

All nicotine products are addictive and increase the risk

of developing serious health problems.°® The chemical Diacetyl, found
in 75% of flavored e-liquids, is
linked to bronchiolitis obliterans
(“popcorn lung”) which causes
irreversible lung damage.’*"

Cancer Heart Disease Emphysema

Protecting Our Communities =

The FDA has banned the sale of flavored cigarettes (other than menthol) because

they appeal to youth. But flavored e-cigarettes, e-liquid, cigars, hookah, and chewing

)
040
tobacco continue to be sold. V

Prohibiting the sale of all flavored tobacco products is a critical step to preventing CDD PH
another generation of young people from living with a lifetime of addiction. PublicHealth
References

1. Corey, C.G,, etal., Flavored tobacco product use among middle and high school students— United States, 2014. MMWR Morbitity and Mortality Weekly Report, 2015. 64(38): p. 1066-1070.

2. King, B.A., S.R. Dube, and M.A. Tynan, Flavored cigar smoking among US adults: findings from the 2009-2010 National Adult Tobacco Survey. Nicotine & Tobacco Research, 2013.
15(2): p.608-614.

3. Brown, J.E,, et al., Candy flavorings in tobacco. New England Journal of Medicine, 2014. 370(23): p. 2250-2252.

4. Oregon Public Health Division, Flavored Tobacco: Sweet, Cheap, and Within Kids’ Reach, in CD Summary. 2014, Oregon Health Authority: Oregon.

5. Delnevo, C.D. and M. Hrywna, “A whole 'nother smoke” or a cigarette in disguise: How RJ Reynolds reframed the image of littlecigars. American Journal of Public Health, 2007. 97(8):
p. 1368.

6. Ambrose, B.K., et al., Flavored Tobacco Product Use Among US Youth Aged 12-17 Years, 2013-2014. JAMA, 2015: p. 1-3.

7. U.S. Department of Health and Human Services, Preventing tobacco use among youth and young adults: a report of the Surgeon General. Atlanta, GA: US Department of Health and
Human Services, Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health, 2012. 3.

8. Delnevo, C.D., et al., Smoking-cessation prevalence among US smokers of menthol versus non-menthol cigarettes. American Journal of Preventive Medicine, 2011. 41(4): p. 357-365.

9. U.S. Food and Drug Administration, Flavored Tobacco Product Fact Sheet. 2011, U.S. Food and Drug Administration.

10.Joseph G. Allen, et al., Flavoring Chemicals in E-Cigarettes: Diacetyl, 2,3-Pentanedione, and Acetoin in a Sample of 51 Products, Including Fruit-, Candy-, and Cocktail-Flavored
E-Cigarettes. Environmental Health Perspectives, 2015.

11.Farsalinos, K.E., et al., Evaluation of electronic cigarette liquids and aerosol for the presence of selected inhalation toxins. Nicotine & Tobacco Research, 2015. 17(2): p. 168-174.

©2017 California Department of Public Health. 01/18



HOOKAH TOBACCO IS UNSAFE

What Are Hookahs?

* Hookahs are glass or metal waterpipes that originated in India. They are shaped
somewhat like a bottle and have long, flexible hoses with tips that people put into their mouths to inhale tobacco
smoke. In most hookahs, hot charcoal is placed on top of tobacco in a bowl to heat it.' The tobacco, or shisha, is
typically flavored, and contains the same chemicals found in all tobacco, including nicotine.?

* In recent years, there has been tremendous growth in the number of hookah bars and
lounges in California.>** Hookah smoking is increasingly popular among underage youth and young adults,
exposing them to both tobacco use and secondhand smoke.® Many of these young people do not think that hookah
smoke is as harmful and addictive as cigarette smoke.’

Why Are Hookahs Harmful?
* Smoking hookah for 45-60 minutes can be equivalent to smoking 100 or
more cigarettes.®

* Secondhand hookah smoke contains the same cancer-causing chemicals found in
secondhand smoke from cigarettes.

* In addition, the charcoal used in the tobacco heating process produces the
toxin carbon monoxide.’

* In 2005, the World Health Organization (WHO) issued an Advisory Note about
hookah use, stating that people who smoke hookah pipes or who are exposed to
secondhand hookah smoke are at risk for the same diseases that are caused by
smoking cigarettes, including:

¢ Cancer

* Heart disease

* Respiratory disease

* Adverse effects during pregnancy

* The WHO Advisory Note also warned that sharing a waterpipe mouthpiece poses
a serious risk of transmission of communicable diseases, including tuberculosis and
hepatitis.'

* The proliferation of hookah bars and lounges in California is leading to a growing public acceptance of smoking. This
threatens to setback twenty years of progress in reducing tobacco-related death and disease.

How Can Hookah Bars and Lounges Allow Indoor Smoking?
* While smoking inside restaurants and bars has been banned since 1998 in California, the Smoke-Free Workplace law
(Labor Code Section 6404.5) includes twelve exemptions that allow smoking in certain indoor workplaces.

* Hookah bars and lounges typically claim they operate as tobacco shops and private smokers’ lounges, which are among
the businesses that can allow indoor smoking under exemptions in California’s Smoke-Free Workplace law.

* The California Smoke-free Workplace law defines a tobacco shop as a business establishment whose “main
purpose” is to sell tobacco products. Unfortunately, the definition of “main purpose” is unclear.

California Department of Public Health

California Tobacco Control Program
P.O. Box 997377, MS7206
Sacramento, CA 95899-7377
www. www.cdph.ca.gov/programs/tobacco



* For example, some hookah bars and lounges have obtained licenses to sell alcohol, serve food and nonalcoholic
beverages, and provide entertainment —operating more like a bar or restaurant where smoking inside is prohibited
under state law. The assertion that the “main purpose” of these businesses is the sale of tobacco is questionable.

* Other hookah bars and lounges assert that the business is owner-operated and has no
employees and is therefore exempt from the state labor law.

¢ It is unfair that hookah bars and lounges are trying to take advantage of ambiguities in
the law to allow indoor smoking, while other similar businesses (bars and restaurants) are following the law.

* The ambiguity and contradictions in state law make enforcement by cities and counties
throughout California difficult. Investigating claims that hookah bars and lounges are violating the state Smoke-Free
Workplace law can be time-consuming and challenging because of these seemingly contradictory interpretations of
business classifications and permitting and licensing requirements and standards.

All California workers deserve to be protected from secondhand smoke. All businesses should be on a level playing field,
required to abide by the same rules when it comes to protecting California’s workers from secondhand smoke exposure. It’s
time to close the loophole on hookah bars and lounges.
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Abstract

The popularity of electronic (e-) cigarettes has greatly increased recently, particularly in
adolescents. However, the extent of psychiatric comorbidity with adolescent e-cigarette use and
dual use of conventional (combustible) and e-cigarettes is unknown. This study characterized
psychiatric comorbidity in adolescent conventional and e-cigarette use. Ninth grade students
attending high schools in Los Angeles, CA (M age=14) completed self-report measures of
conventional/e-cigarette use, emotional disorders, substance use/problems, and transdiagnostic
psychiatric phenotypes consistent with the NIMH-Research Domain Criteria Initiative. Outcomes
were compared by lifetime use of: (1) neither conventional nor e-cigarettes (non-use; N=2557,
77.3%); (2) e-cigarettes only (N=412, 12.4%); (3) conventional cigarettes only (N=152, 4.6%);
and (4) conventional and e-cigarettes (dual use; N=189, 5.6%). In comparison to adolescents who
used conventional cigarettes only, e-cigarette only users reported lower levels of internalizing
syndromes (depression, generalized anxiety, panic, social phobia, and obsessive-compulsive
disorder) and transdiagnostic phenotypes (i.e., distress intolerance, anxiety sensitivity, rash action
during negative affect). Depression, panic disorder, and anhedonia were higher in e-cigarette only
vs. non-users. For several externalizing outcomes (mania, rash action during positive affect,
alcohol drug use/abuse) and anhedonia, an ordered pattern was observed, whereby comorbidity
was lowest in non-users, moderate in single product users (conventional or e-cigarette), and
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highest in dual users. These findings: (1) raise question of whether emotionally-healthier (‘lower-
risk”) adolescents who are not interested in conventional cigarettes are being attracted to e-
cigarettes; (2) indicate that research, intervention, and policy dedicated to adolescent tobacco-
psychiatric comorbidity should distinguish conventional cigarette, e-cigarette, and dual use.
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INTRODUCTION

Mid-adolescence is a vulnerable developmental period for cigarette smoking uptake, the
onset of mental health conditions, and the emergence of comorbid tobacco use and mental
health problems (Upadhyaya, Deas, Brady, & Kruesi, 2002). The over-representation of
smoking among adolescents with mental health problems generalizes across various
conditions (e.g., depressive, mania, anxiety, alcohol/drug use disorders), remains robust after
controlling for confounders, and is mediated by theoretically-relevant factors suggesting a
causal relation (e.g., beliefs that smoking has mood-modulating effects) (Audrain-
McGovern et al., 2012; Upadhyaya et al., 2002). The rapid emergence and appeal of novel
tobacco and nicotine products such as electronic (e-) cigarettes raises the question as to
whether the same adolescent subgroup with mental health problems is at risk for using these
products (Cummins, Zhu, Tedeschi, Gamst, & Myers, 2014). This is important to address
because this population may be particularly vulnerable to nicotine addiction, given that
neural plasticity during adolescence and neuropathology in psychiatric conditions can
enhance the brain’s sensitivity to nicotine (Balfour & Ridley, 2000; Counotte, Smit, Pattij, &
Spijker, 2011; Sinha, 2008).

E-cigarettes—electronic devices that deliver inhaled nicotine emulate the sensorimotor
properties of conventional (combustible) cigarettes—are gaining popularity among
adolescents. According to 2014 estimates, past 30 day use of e-cigarettes is more common
than conventional cigarettes among U.S. 8th- (9% vs. 4%) and 10th- (16% vs. 7%) graders,
and many adolescent e-cigarette users have never tried conventional cigarettes (Johnston,
O’Malley, Miech, Bachman, & Schulenberg, 2015). E-cigarettes may be an attractive

J Psychiatr Res. Author manuscript; available in PMC 2017 February 01.
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alternative to conventional cigarettes among youth because of beliefs that they are less
harmful, addictive, malodorous, and costly than conventional cigarettes (Peters, Meshack,
Lin, Hill, & Abughosh, 2013). Furthermore, e-cigarettes come in flavors appealing to youth
and may be easier to obtain than conventional cigarettes because of inconsistent
enforcement of restrictions against sales to minors (Collaco, Drummond, & McGrath-
Morrow, 2015). Such factors may facilitate e-cigarette initiation in adolescents who would
not otherwise smoke conventional cigarettes and may perhaps have fewer risk factors for
smoking (Wills, Knight, Williams, Pagano, & Sargent, 2015)—including mental health
problems.

Dual use of conventional and e-cigarettes is also common in adolescents (Johnston et al.,
2015; Wills et al., 2015), raising the possibility that some adolescents may use e-cigarettes
to substitute for conventional cigarettes in situations where smoking is restricted. Indeed,
school bathrooms and staircases are among the most common places adolescents report
using e-cigarettes (Peters et al., 2013). Given that adolescents with (vs. without) mental
health symptoms are more prone to nicotine dependence (Upadhyaya et al., 2002), these
populations could be more likely to initiate use of e-cigarettes to bridge situations when they
are not able to smoke, which ultimately could perpetuate the over-representation of smoking
among individuals with mental health problems.

While research has yet to characterize the psychiatric comorbidity with patterns of
conventional and e-cigarette use in adolescents, a recent study of Hawaiian adolescents
found that alcohol/marijuana use and other psychosocial risk factors (e.g., sensation seeking,
rebelliousness, emotional/behavioral dysregulation) were highest in dual users, moderate in
e-cigarette only users, and lowest in non-users (Wills et al., 2015). Most pairwise
comparisons involving conventional cigarette only users were not significant in that study,
perhaps limited by reduced statistical power due to the smaller size of this group (N=53)
(Wills et al., 2015). Given these findings, stratification of psychiatric comorbidity across
dual use, single-product use, and non-use in adolescents is plausible.

The current study characterized the mental health of adolescents who reported ever using e-
cigarettes, conventional cigarettes, both, or neither. To provide a wide-ranging picture of
psychiatric comorbidity, traditional syndrome-based indices of various depressive, manic,
anxiety, and substance use disorders were administered. Consistent with NIMH’s Research
Domain Criteria Initiative (Insel et al., 2010), we also assessed several transdiagnostic
phenotypes implicated in multiple internalizing and externalizing psychopathologies and
conventional cigarette use (e.g., impulsivity, anhedonia, distress tolerance) (Leventhal &
Zvolensky, 2015b). Up to this point, data on the psychiatric comorbidity associated with e-
cigarette and dual use is virtually absent, leaving unclear as to how the mental health of
these two groups compare to conventional cigarette users and non-users. Given that
conventional cigarettes and e-cigarettes have both similarities (e.g., the experience of
inhaling aerosol/smoke, nicotine intake) and differences (e.g., e-cigarettes are perceived as
less harmful than conventional cigarettes; (Ambrose et al., 2014)), whether the patterns of
psychiatric comorbidity are similar or different between e-cigarette only users and
conventional cigarette users is unclear. As the first study to comprehensively characterize
psychiatric comorbidity in adolescent e-cigarette and dual use, this study may yield data that

J Psychiatr Res. Author manuscript; available in PMC 2017 February 01.
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is important to tobacco policy by identifying adolescent populations that are psychiatrically
vulnerable and potentially at risk for use of traditional and emerging tobacco products. Such
data could highlight the need to protect psychiatrically vulnerable adolescents from tobacco
product use take via targeted tobacco product regulation and behavioral health prevention
programming for this populations.

Participants and Procedure

Measures

This report is based on a cross-sectional survey of substance use and mental health among
oth grade students enrolled in ten public high schools surrounding Los Angeles, CA, USA.
The schools were recruited based on their adequate representation of diverse demographic
characteristics. The percentage of students eligible for free lunch within each school (i.e.,
student’s parental income < 185% of the national poverty level) on average across the ten
schools was 31.1% (SD=19.7, range: 8.0% — 62.4%). Students not in special education (e.g.,
severe learning disabilities) or English as a Second Language programs were eligible
(N=4100). Of the students who assented to participate (N=3,874; 94.5%), 3,383 (82.5%)
provided active parental consent and enrolled in the study. In-classroom paper-and-pencil
surveys were administered across two 60-minute data collections during the fall of 2013,
conducted less than two weeks apart. Some students did not complete all questionnaires
within the time allotted or were absent for data collections (n=73), leaving a final sample of
3310. The University of Southern California Institutional Review Board approved the
protocol.

Each study measure described below has shown good psychometric properties in previous
adolescent samples (Audrain-McGovern et al., 2004; Bastiani et al., 2013; Eaton et al.,

2010; Johnston et al., 2015; Leventhal et al., 2015 in press; Martino, Grilo, & Fehon, 2000;
Muris & Meesters, 2008; Pang, Farrahi, Glazier, Sussman, & Leventhal, 2015 in press;
Wagner et al., 2006; White & Labouvie, 1989). Unless otherwise specified, a mean score per
item composite was calculated and composites were scored such that higher scores reflect
higher psychopathology.

Electronic Cigarettes, Conventional Cigarettes, and other Substance Use—
Using items derived from the Youth Behavior Risk Surveillance (Eaton et al., 2010) and
Monitoring the Future (Johnston et al., 2015) Surveys, lifetime use of e-cigarettes (described
as “electronic cigarettes, personal vaporizers; prevalence in this sample = 18.2%) and
conventional cigarettes (10.3%) was measured, as well as these additional substances:
marijuana (15.1%), one full drink of alcohol (26.5%), inhalants (6.0%), cocaine (1.0%),
methamphetamines (0.71%), ecstasy (1.5%), LSD/mushrooms/psychedelics (1.7%), salvia
(1.0%), heroin (0.5%), prescription pain killers (2.3%), tranquilizers or sedatives (3.3%),
diet pills (1.7%), prescription stimulant pills (0.82%), and other drugs (1.2%). Only
substances with lifetime prevalence greater than 5% were analyzed as individual outcomes.

J Psychiatr Res. Author manuscript; available in PMC 2017 February 01.
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Clinical Syndromes

Revised Children’s Anxiety and Depression Scale (RCADS) (Chorpita, Yim, Moffitt,
Umemoto, & Francis, 2000): The RCADS instructs respondents to report the frequency of
40 different DSVI-1V symptoms from 1=never to 4=always. Subscales yield scores for major
depression, generalized anxiety disorder, obsessive-compulsive disorder, panic disorder, and
social phobia.

Mood Disorder Questionnaire (MDQ) (Hirschfeld et al., 2000): The MDQ instructs
respondents to indicate whether they experienced 13 DSM-IV mania symptoms in the past
year (yes=1, no=0). A symptom count sum score was utilized for analyses, per prior work
(Boschloo et al., 2014). (Supplemental analyses utilizing the cutoff for probable DSM-1V
hypomanic/manic episode yielded the same findings with the continuous score.)

Transdiagnostic Phenotypes—Each of the transdiagnostic phenotype measures
described below has been consistently associated with multiple psychopathologies (Audrain-
McGovern et al., 2009; Audrain-McGovern et al., 2004; Cyders et al., 2007; Ellis &
Rothbart, 2001; Isolan, Salum, Menezes Flores, de Carvalho, & Gus Manfro, 2012;
Leventhal et al., 2015 in press; Leyro, Zvolensky, & Bernstein, 2010; Muris et al., 2008;
Muris, Schmidt, Merckelbach, & Schouten, 2001; Pang et al., 2015 in press; Smith et al.,
2007).

Distress Tolerance Scale (DTS) (Simons & Gaher, 2005): The 14-item DTS measures
capacity to tolerate affective distress (e.g., “I’ll do anything to avoid feeling distressed or
upset”) using 5-point ratings (1=strongly disagree, 5=strongly agree).

Childhood Anxiety Sensitivity Index (CASI) (Silverman, Fleisig, Rabian, & Peterson,
1991): The 18-item CASI measures fear of and concerns about anxiety-related sensations
and consequences (e.g., “It scares me when my heart beats fast”; none=0, some=1, a lot=2).

Snaith-Hamilton Pleasure Scale (SHAPS) (Snaith et al., 1995): The SHAPS assesses
anhedonia using 14 self-statements regarding pleasure response to common pleasant
experiences (e.g., “I would enjoy seeing others’ smiling faces”; 1=strongly agree,
4=strongly disagree).

Temperament and Character Inventory (TCI)-Impulsivity Scale (Cloninger, Przybeck,
Syrakic, & Wetzel, 1994): The 5-item TCI Impulsivity subscale assesses tendency towards
acting on instinct without conscious deliberation (e.g., “I often do things based on how I feel
at the moment”). It uses a sum across items (True=1, False=0; range: 0-5).

UPPS-P Impulsive Behavior Scale-Positive and Negative Urgency Subscales (Whiteside
& Lynam, 2001): The UPPS-P Impulsive Behavior Scale(Whiteside et al., 2001) has
subscales tapping the tendency towards rash action during states of negative affect (negative
urgency; 12 items, e.g., “When I’'m upset | often act without thinking™) and positive affect
(positive urgency; 14 items, e.g., “l tend to lose control when | am in a great mood”). Items
are rated from 1=disagree strongly to 4=agree strongly.

J Psychiatr Res. Author manuscript; available in PMC 2017 February 01.
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The Early Adolescent Temperament Questionnaire — Revised (EATQ-R)-Inhibitory
Control Scale (Ellis et al., 2001): The 5-item EATQ-R Inhibitory Control scale assesses
ability to inhibit reflexive responses (e.g., “When someone tells me to stop doing something,
it is easy for me to stop”; 1=almost always true to 5=almost always untrue).

Substance Abuse and Problems

Drug Abuse Screening Test-Adolescent Version (DAST) (Martino et al., 2000): The 10-
item DAST assesses problems associated with use and abuse of drugs other than alcohol
(e.g., blackouts, family problems, withdrawal symptoms, legal problems; yes/no). A total
sum score (0 — 10) is calculated.

Cannabis Abuse Screening Test (CAST) (LEGLEYE, KARILA, BECK, & REYNAUD,
2007): The 6-item CAST measures problems experienced from cannabis use (e.g., failed
attempts to stop use, social or academic consequences). Participants rate frequency from
never (=0) to often (=4) and a sum score is calculated.

Rutgers Alcohol Problem Index (RAPI) (White et al., 1989): The 23-item RAPI
measures the frequency of negative consequences associated with drinking within the last 12
months. Responses to items (0=never to 4=10 or more times) are summed.

Data Analysis

Based on patterns of lifetime use, the sample was divided into: (1) use of neither electronic
nor conventional cigarettes (non-use; N=2557); (2) use of conventional cigarettes only
(N=152); (3) use of electronic cigarettes only (N=412); (4) use of electronic and
conventional cigarettes (dual use; N=189). Primary analyses used generalized linear mixed
models (GLMMs) that accounted for clustering of data within school, in which the 4-level
cigarette use group variable was a categorical regressor variable and a mental health
indicator was the outcome variable, with separate models for each outcome. GLMM
specified binary and continuous distributions for the lifetime substance use status and mental
health quantitative outcomes, respectively. Because of skewed distributions on the three
substance use problems measures, Poisson distributions were specified for these outcomes.
For outcomes with omnibus groups differences, we conducted follow up pairwise contrasts
using an adjusted p-value, correcting for study-wise false discovery rate of 0.05. GLMMs
were adjusted for gender, age, ethnicity, and highest parental education; missing data on
covariates were accounted for by dummy coding a ‘missingness’ variable to allow inclusion
in analyses. Results are reported as standardized effect size estimates (rs).

RESULTS

Use of e-cigarettes only (12.4%) was more common than conventional cigarettes only
(4.6%) and dual (5.7%) use, ps < .0001. Dual use was more common than conventional
cigarette use only, p = .04. Demographic characteristics by group are reported in Table 1.
Cronbach as for continuous outcomes are reported in Table 2. The correlations between all
of the continuous mental health measures can be found in Supplementary Table 1, which

J Psychiatr Res. Author manuscript; available in PMC 2017 February 01.
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showed a wide range correlations across each pair of constructs (M[SD] r-statistic between
two measures = 0.27 [0.20], range: —0.25, 0.77).

As illustrated in Table 2, there were omnibus differences across the four groups for all
outcomes. Pairwise contrasts indicated that adolescents who used conventional cigarettes
only reported worse mental health than non-users and e-cigarette only users on multiple
internalizing emotional syndromes (i.e., major depression, generalized anxiety, panic, social
phobia, and obsessive compulsive disorder) and transdiagnostic phenotypes (i.e., distress
tolerance, anxiety sensitivity, negative urgency; see Table 2). On these internalizing-
emotional outcomes, the conventional cigarettes only and dual use groups did not
significantly differ. For some internalizing outcomes (i.e., anhedonia, major depression,
panic disorder), e-cigarette only users had higher elevations than non-users, but lower
problem levels than conventional only or dual users. Relative to non-users, use of either
product (e-cigarettes only, conventional cigarettes only, or dual use) was related to the
externalizing phenotypes of poorer inhibitory control and impulsivity. An ordered effect of
dual use vs. e-cigarette use only vs. non-use was found for elevations in mania, positive
urgency, and anhedonia. An ordered effect of dual use vs. either single product use (e-
cigarettes only or conventional cigarettes only) vs. non-use was also found for lifetime use
status and level of abuse/problems for all substances.

Given the differences in patterns across internalizing (i.e., negative emotion-related) and
externalizing and positive-emotion seeking (i.e., mania, behavioral dyscontrol, substance
use) behaviors, syndromes, and traits, we plotted standardized T-scores of the outcomes by
conventional/e-cigarette use status separately in the two domains. These figures respectively
illustrate general trends of: (a) differentiation of conventional and dual cigarette use from
never and e-cigarette use on most internalizing outcomes (Figure 1), and (b) tri-level ordered
differentiation of never vs. single product vs. dual use on externalizing outcomes (Figure 2).

Analyses of the substance problem outcomes utilizing the overall sample cannot distinguish
between substance ever-users who report zero drug/alcohol-related problems and substance
never-users. To identify whether e- and conventional-cigarette use status differentiates level
of substance problems among substance ever-users, a supplementary analysis of the three
substance problem outcomes was conducted that limited each analysis to ever-users of the
respective substance using the same GLMM analytic strategy and covariates as the primary
analyses with a continuous outcome distribution specified. As in the analysis in the primary
sample, these analyses of substance ever-users generally showed an ordered pattern whereby
dual tobacco product users reported the highest levels of alcohol, cannabis, and drug
problems, followed by single tobacco product users (either conventional- or e-cigarette use),
and then never-users of either tobacco product, respectively (see supplementary table 2).

DISCUSSION

This study is the first to comprehensively examine differences in psychiatric profiles

between four different groups based on typologies of tobacco product use: (1) non-users; (2)
e-cigarette only users; (3) conventional cigarette only users; and (4) dual users. This novel 4-
group comparison is a critical innovation; with changes in the pattern of tobacco product use

J Psychiatr Res. Author manuscript; available in PMC 2017 February 01.
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in the past several years, new typologies of adolescent tobacco product use have emerged,
including both e-cigarette and dual use (Arrazola et al., 2015; Dutra & Glantz, 2014). Given
the relative lack of data to suggest that additional psychiatric problems would be associated
with e-cigarette vs. conventional cigarette or dual use, it was unclear whether e-cigarette
only users would differ from the other user groups in psychiatric comorbidity.

This study’s main findings were that: (1) e-cigarette only users reported a level of
internalizing mental health problems midway between non-use and conventional cigarette
use; and (2) externalizing/substance use comorbidity was extensive and followed an ordered
pattern with dual users having the most severe and pervasive comorbidity, followed by
single-product users and non-users, respectively. These results are novel and raise an
important question as to whether e-cigarette use may be common in ‘lower-risk’ subgroups
of the adolescent population (including those with better mental health) who otherwise are
not attracted to other tobacco products, like conventional cigarettes. These results are
broadly consistent with recent data in adults (Cummins et al., 2014) as well as Wills et al.’s
study of psychosocial risk factors and alcohol/marijuana use in Hawaiian 9t/10t graders,
which found that e-cigarette users were at an intermediate risk status in between non-users
and dual users (Wills et al., 2015). In the current sample of Los Angeles 9t graders, a
similar pattern of differentiation by dual vs. e-cigarette only vs. non-use is seen that extends
across a number of mental health syndromes and transdiangostic phenotypes. The current
study also found that conventional cigarette only users have worse internalizing mental
health problems than e-cigarette only users. Overall, it is clear that future research and
intervention dedicated to comorbidity between use of tobacco (or tobacco-like) products and
mental health problems in adolescents should assess and distinguish between use of
conventional cigarettes only, e-cigarettes only, and dual use.

For eight internalizing emotional disorder symptoms and phenotypes, adolescents who used
e-cigarettes only reported an intermediate level of problems which was lower than
conventional cigarette only users on seven outcomes and higher than never-users on three
outcomes. Prior research suggests that adolescents with better (vs. worse) emotional health
are more strongly deterred from initiating smoking due to concerns about smoking’s
negative effects on health and social acceptability (Stone & Leventhal, 2014). Thus,
emotionally-healthier adolescents may be more willing to use e-cigarettes, which are
generally perceived to be more socially acceptable and less harmful than conventional
cigarettes (Wills et al., 2015). The availability of tobacco products that are perceived as less
harmful and more socially acceptable, like e-cigarettes, may lower the threshold of risk for
tobacco product experimentation associated with certain mental health problems.

Externalizing behavioral comorbidities (i.e., substance use and abuse, impulsivity, poor
inhibitory control, tendency toward rash action during positive affect) and mania were
elevated in adolescents who used e-cigarettes only versus those who use never used either
tobacco product. Adolescents who used conventional cigarettes only also showed this
pattern relative to those who never used either tobacco product, which extends prior research
on tobacco-psychiatric comorbidity (Upadhyaya et al., 2002). Moreover, this study provides
novel data indicating use of e-cigarettes per se is not universally linked with all types of
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mental health comorbidities; rather use of e-cigarettes alone (vs. non-use) is associated more
prominently with externalizing problems and less prominently with internalizing problems.

A clear gradient was observed in which substance use/problems, mania, and positive
urgency that successively increased with the number of tobacco products used (dual vs.
single vs. never users). One explanation for these findings is that adolescent cigarette
smokers with these comorbidities may be more nicotine dependent and may therefore be
motivated to also use e-cigarettes to alleviate withdrawal during times when they cannot
smoke (Peters et al., 2013). Indeed, these disorders are linked with more severe conventional
cigarette dependence (Griesler, Hu, Schaffran, & Kandel, 2011). Another explanation is that
adolescents with substance use and mania comorbidity who have experimented with e-
cigarette use may not derive enough reinforcement from e-cigarettes, which may be an
important factor given prior evidence that conventional cigarette smokers with these
comorbidities report stronger motivation to smoke for positive reinforcement (Kahler et al.,
2010). Because e-cigarettes have provided less reliable nicotine delivery and reinforcement
than conventional cigarettes in novice users (Evans & Hoffman, 2014), adolescents with
substance use and mania comorbidities who have tried e-cigarettes may be motivated to
subsequently experiment with conventional cigarettes in an effort to find a product that
provides stronger and more consistent rewarding effects. An additional perspective is that
substance experimentation is driven by a drive for pleasure and means for rebelling against
norms (Wills et al., 2015), and that teens with externalizing mental health problems are
motivated to experiment with a wider array of multiple substances, including e-cigarettes,
conventional cigarettes, and other drugs. Further longitudinal evaluation of these hypotheses
is necessary and future research should explore whether there is a gradient in the intensity of
intervention needed in preventing conventional cigarette smoking and dual use.

This study had several strengths, including a comprehensive four-group comparison strategy
that distinguished four unique patterns of tobacco product use, broad sampling of mental
health syndromes and cross-cutting traits, and utilization of a large, diverse sample. The
cross-sectional design does not permit an assessment of the temporal precedence of the
mental health problems and the use of conventional/e-cigarettes. Accordingly, this study
cannot speak to etiological mechanisms underpinning the link between mental health and
tobacco product use. Because the survey did not assess past 30-day e-cigarette use, use
frequency and progression in use, persistence of use, and nicotine strength (i.e., whether
products contain nicotine and at what level), several aspects regarding the quality and profile
of e-cigarette and conventional cigarette use are not addressed in this study. Furthermore,
the focus on lifetime use leaves unclear whether findings generalize to brief experimentation
or more persistent use patterns. To limit burden on students and class time, brief self-report
measures were used. As such, these results reflect self-reported symptoms, and the extent to
which they generalize to psychiatric diagnoses is unclear. Future work utilizing structured
clinical interviews are warranted to identify diagnoses associated with conventional and e-
cigarette use.

This is first the investigation to characterize adolescent psychiatric comorbidity in an era
when the extensive popularity of e-cigarettes in youth is now clearly established. The
current data are of use for policy and tobacco and mental iliness intervention by elucidating
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a subpopulation based on mental health status that may be at higher risk for use of
traditional and emerging tobacco products. Describing patterns of psychiatric comorbidity
between different forms of tobacco product use in teens provides clues to practitioners on
assessment and intervention. For instance, these findings suggest that if a teen is a dual user
or conventional cigarette smoker, she or he may be more likely to have comorbid mental
health problems than teens who use e-cigarettes only; practitioners should thus make mental
health assessment a priority such populations. Similarly, these findings suggest that teens
with mild levels of emotional pathology may nonetheless be at elevated likelihood of e-
cigarette use and should be asked by practitioners about their e-cigarette use patterns,
particularly given recent evidence that teens who use e-cigarettes are more likely to initiate
combustible tobacco product use.(Leventhal et al., 2015a; Primack, Soneji, Stoolmiller,
Fine, & Sargent, 2015). These results also raise the possibility that adolescents with more
severe and pervasive mental health problems could be more vulnerable to factors that
increase risk of initiation of e-cigarettes and dual use in teen populations. Some of these risk
factors could be targeted via regulation (e.g., youth exposure to e-cigarette advertising,
restrictions on ability for minors to purchase e-cigarettes, flavorings and other elements of e-
cigarettes and conventional cigarettes that could attract youths) or intervention (e.g., tobacco
prevention media campaigns that tailor message characteristics to sufficiently resonate with
youth with certain behavioral tendencies; Allen, Vallone, Vargyas, & Healton, 2009). The
current results may also have implications for patterns of comorbidity that are likely to arise
in the future. Namely, emotionally-healthier individuals who previously might be deterred
from using any tobacco products may now be at risk for uptake of e-cigarettes or other
emerging products. Furthermore, individuals with certain behavioral comorbidities may be
more prone to use multiple products, which may alter the trajectory of future conventional
cigarette smoking in patterns that remain to be seen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

» Relative to conventional cigarette only users, e-cigarette only users reported
lower levels of internalizing mental health syndromes (depression, generalized
anxiety, panic disorder, social phobia, and obsessive-compulsive disorder) and
traits (i.e., distress intolerance, fear of anxiety-related sensations, rash action
during negative affect).

»  Depression, panic disorder, and inability to experience pleasure (i.e., anhedonia)
were higher in e-cigarette only users vs. non-users.

»  For externalizing mental health (mania, rash action during positive affect,
alcohol/drug use/abuse) and anhedonia, comorbidity was lowest in non-users,
moderate in single-product users (conventional or e-cigarette), and highest in
dual users.

» Adolescent e-cigarette use is characterized by emotional problems midway
between non-use and conventional cigarette use. Dual use is associated with
pervasive psychiatric comorbidity.
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Figure 1.

Mean (£SE) of Internalizing Type Syndromes and Traits by Lifetime Conventional/E-
Cigarette Use. Reported as Standardized T-Scores (M=50, SD=15).
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Figure 2.

Mean (£SE) of Externalizing Type Syndromes and Traits by Lifetime Conventional/E-
Cigarette Use. Reported as Standardized T-Scores (M=50, SD=15).
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BACKGROUND: Restricting youth access to tobacco is a central feature of US tobacco regulatory
policy, but impact of local tobacco retail licensing (TRL) regulation on cigarette smoking
rates remains uncertain. Effects of TRL on other tobacco product use and use as adolescents
reach the age to legally purchase tobacco products has not been investigated.

METHODS: Prevalences of ever and past 30-day cigarette, electronic cigarette (e-cigarette),
cigar, and hookah use were assessed in a survey of a cohort of 1553 11th- and 12th-grade
adolescents (mean age: 17.3 years); rates of initiation were evaluated 1.5 years later. An
American Lung Association (2014) youth access grade was assigned to each of 14 political
jurisdictions in which participants lived on the basis of the strength of the local TRL

ordinance.

RESULTS: At baseline, participants living in 4 jurisdictions with “A” grades (ie, with most
restrictive ordinances) had lower odds of ever cigarette use (odds ratio [OR] 0.61; 95%
confidence interval [CI] 0.41-0.90) and of past 30-day use (OR 0.51; 95% CI 0.29-0.89)
than participants in 10 D- to F-grade jurisdictions. At follow-up at legal age of purchase,
lower odds of cigarette use initiation (OR 0.67; 95% CI 0.45—0.99) occurred in jurisdictions
with stronger TRL policy. Lower odds of e-cigarette initiation at follow-up (OR 0.74; 95%
CI 0.55-0.99) and of initiation with past 30-day use (OR 0.45; 95% CI 0.23-0.90) were also

associated with better regulation.

concLusions: Strong local TRL ordinance may lower rates of cigarette and e-cigarette use

among youth and young adults.
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Most US states have had laws to
restrict the sale of cigarettes to
minors for decades.! Because there
was widespread violation of these
laws by tobacco vendors,? Congress
passed the Synar Amendment to the
Public Health Service Act in 1993,3
which required that states enact laws
banning cigarette sales to minors
and that they enforce such laws with
compliance checks using undercover
“decoys” posing as underage
customers.*°

Enforcement of these youth access
regulations is a central feature of US
tobacco control programs. However,
although compliance checks of
vendors have been shown to reduce
sales to minors, their effectiveness
in reducing youth smoking rates is
less certain, for example, because
they may obtain cigarettes legally
purchased by older friends.®” Key
regulatory features that are reported
to reduce both compliance violations
and youth cigarette use include a
mandatory tobacco retailer licensing
fee to provide sustainable funding of
undercover decoys to make at least 1
annual visit to each vendor and fines
or penalties for violations.”8

Low rates of vendor compliance
checks, which occur annually at only
a small fraction of tobacco vendors
under existing state and federal
enforcement programs,®1% and
inadequate penalties may explain
why associations with youth smoking
rates have not consistently been
observed.” Within states, compliance
enforcement may vary markedly on
the basis of local ordinances that
provide funding to do so. Given the
expense involved in enforcement
and the lack of expert consensus on
its benefits, additional studies are
warranted to assess the effectiveness
in reducing youth cigarette use.

The impact of youth access
restriction on the initiation of
alternative tobacco products, such as
electronic cigarettes (e-cigarettes),
hookah, and cigars, has not been
studied, although prevalence of ever

using these products is high.!! An
additional gap in understanding the
effectiveness of youth tobacco access
restriction is during the transition
to the legal age of purchase. Most
adult smokers historically have
initiated cigarette use by age 18,12
which is the legal age of purchase

in most states. There have been few
prospective studies examining the
effect of tobacco licensing and youth
access restriction on cigarette and
alternative tobacco product use
during this transition to adult life.

Among participants in the Southern
California Children’s Health Study,
we evaluated whether youth living
in jurisdictions with a strong tobacco
retail licensing (TRL) ordinance had
reduced prevalence of cigarette and
other tobacco use, compared with
participants in jurisdictions with

a poor TRL ordinance. In addition,
using prospectively collected data,
we assessed the association of local
ordinances with the initiation of
tobacco product use during a cohort
follow-up as youth reached 18 years
of age, the age at which the sale

of tobacco products was legal in
California at the time of the study.

METHODS

Study Population

Between January and June of 2014,

a total of 2097 11th- and 12th-grade
participants in the Southern
California Children’s Health Study
(mean age: 17.3; SD: 0.6) completed
self-administered questionnaires
collecting detailed information about
cigarette and alternative tobacco
product use. Follow-up online
questionnaire data were collected

on 1553 participants (74% of the
2097 at baseline) as they reached

18 years of age, between January
2015 and June 2016 (mean age: 18.8;
SD: 0.6). Additional characteristics

of the study sample have been
described previously.1314

Ethics Statement

The study was approved by the
University of Southern California
Institutional Review Board. Parental
written informed consent and

child assent were obtained for all
Children’s Health Study participants
<18 years of age. Participants age 18
or older provided written informed
consent.

Tobacco and Alternative Tobacco
Product Use

At each survey, participants were
asked whether they had ever tried
e-cigarettes, cigarettes, cigars, or
hookah and the number of days

each product was used in the past

30 days.!2 Participants who had
“never tried” a product (not “even 1
or 2 puffs”) were classified as never
users. Those reporting an age at first
use of each tobacco product were
classified as ever (lifetime prevalent)
users of that product at baseline.
Rates of initiation were calculated on
the basis of a new report of use of a
tobacco product at follow-up among
participants not reporting use of that
product at baseline. Both prevalent
users and initiators of each tobacco
product were further characterized
on the basis of past 30-day use.

Evaluation of Local Tobacco
Regulatory Licensing to Reduce
Youth Access

There were 14 political jurisdictions
with corresponding tobacco

product ordinances across the 12
participating Children’s Health
Study communities. Four study
jurisdictions were assigned an

A grade on the basis of the 2014
American Lung Association (ALA)
“Reducing Sales of Tobacco Products
to youth scale, which is used to
evaluate the strength of the local TRL
ordinance across California.l> An

A grade required adequate annual
retail license fees, which were paid
by all tobacco retailers (including gas
stations, convenience stores, larger
grocery stores, and pharmacies),

”
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to cover the administration of an
enforcement program and regular
compliance checks in each store. An
A grade also required (1) an annual
renewal of this local license; (2) a
provision that any violation of local,
state, or federal law is a violation

of the license; and (3) a graduated
penalty system for violators,
including financial deterrents such
as fines or other penalties, including
license revocation or suspension.15

The remaining study jurisdictions
were assigned an F grade (8) or a

D grade (1). An F grade indicated
either (1) no local ordinance
mandating a license fee or (2) a fee
insufficient to fund administrative
and compliance checks as well as
none of the 3 other provisions for an
A grade. The jurisdiction with the D
grade had a licensing fee that was
insufficient to cover administration
and compliance checks, but it had

at least 1 of the other 3 provisions
listed above that were needed for an
A grade. The D and F communities
were collapsed for data analysis,
because the insufficient annual fee
is a central feature of regulation to
reduce youth access.”!5 No study
jurisdiction in this sample had B or C
grades corresponding to TRL policies
of intermediate quality.!®

ALA assigned grades to other
categories of tobacco policy (smoke-
free housing policy, smoke-free
outdoor policy, and overall tobacco
policy).15 These policies, which are
not specific to youth tobacco product
access, were not associated with
tobacco product use in this study, and
results are not presented.

Covariates

Self-administered questionnaires
completed by parents of
participants were used to assess
sociodemographic characteristics,
including sex, ethnicity (Hispanic,
non-Hispanic white, other), age at
baseline, and parental education
(completed high school or less, some

college, or completed college or
more).

Statistical Analysis

Unconditional logistic regression
models were used to evaluate the
associations of living in a jurisdiction
with an ALA grade A versus D or F
TRL ordinance with baseline ever
and past 30-day use of cigarettes,
e-cigarettes, hookah, cigars, or use

of any of these tobacco products in
separate models. Models were also fit
to evaluate associations of ALA grade
with the initiation of each product,
with or without past 30-day use. In
models used to evaluate the initiation
of use of each tobacco product
between baseline and follow-up, the
sample was restricted to baseline
never users of that product. Odds
ratios (ORs) and 95% confidence
intervals (CIs) were used to estimate
the association of each tobacco
product use with an ALA grade.

All models were adjusted for sex,
ethnicity, highest parental education,
and baseline age, factors that have
been associated both with e-cigarette
use and cigarette use in previous
studies.!314 Each tobacco product-
specific model was also adjusted for
a baseline history of use of any other
tobacco product, because there was
clustering of the tobacco product
outcomes.!3 A missing indicator
category for covariates and any other
tobacco product use was included
where appropriate. Additionally, all
models included a random effect for
community to account for similarities
among subjects within jurisdictions.
In a sensitivity analysis, models were
further adjusted for time between
baseline and follow-up questionnaire
completion. Statistical analyses were
based on 2-sided hypotheses tested
ata 0.05 level of significance, using
SAS 9.4 (SAS Institute, Inc, Cary, NC).

RESULTS

Of the 2097 participants, 31.1%
(652) lived in a jurisdiction with an

ALA 2014 TRL A grade, and 68.9%
(1445) students lived in jurisdictions
with D or F grades. Sex and ethnic
distributions were similar in A and

D or F jurisdictions, but students in
A jurisdictions were more likely to
come from less-educated households
(Table 1). Unadjusted prevalence
and initiation rates for each tobacco
product were lower in jurisdictions
with A than with D or F grades,

with the exception of new initiation
of hookah with past 30-day use.
Initiation rates were substantial
among never tobacco product

users at baseline, in particular for
e-cigarette use. Both prevalence and
initiation rates of past 30-day tobacco
product use generally did not exceed
10% for any product.

For baseline prevalence of ever and
past 30-day use of cigarette and
e-cigarette ever use, and to a lesser
degree for prevalence of cigar use,
jurisdictions with A grades had
generally lower use rates than D or

F jurisdictions (Supplemental Fig 3).
However, within both grade groups,
there was considerable variability in
prevalence rates across jurisdictions
for all tobacco products. Rates in
individual jurisdictions had wide Cls
(results not shown) because of small
sample size. Rates of tobacco product
initiation at follow-up were also
generally quite variable across the
jurisdictions within both A and D or F
grades (Supplemental Fig 4).

At baseline, participants living in the
4 jurisdictions with A grades had
lower odds of ever using a cigarette
(OR 0.61; 95% CI 0.41-0.90) and

of past 30-day use (OR 0.51; 95%

CI 0.29-0.89) than participants in

10 D- to F-grade jurisdictions, after
adjusting for sociodemographic
covariates and other tobacco product
use at baseline (Fig 1).

Living in A-grade jurisdictions

was associated with lower odds

of initiation of cigarette use
between baseline and the follow-up
questionnaire (OR 0.67; 95% CI
0.45-0.99 [Fig 2]). The risks of
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TABLE 1 Prevalence of Sociodemographic Characteristics, Lifetime, and Current (Last 30-Day) Use of
Each Tobacco Product at Baseline and Rates of Product Initiation at Follow-up Among Youth

Residing in a Jurisdiction With ALA Reduced Tobacco Sales, Grade A or D or F

Grade A Grade D or F
N (%?) N (%2)

Sex

Male 324 (49.7) 735 (50.9)

Female 328 (50.3) 710 (49.1)
Ethnicity

Hispanic white 349 (53.5) 736 (50.9)

Non-Hispanic white 230 (35.3) 504 (34.9)

Other 73(11.2) 205 (14.2)
Parent education

Less than or equal to high school 245 (41.3) 460 (34.3)

Some college 219 (36.9) 502 (37.4)

College or more 129 (21.8) 379 (28.3)
Prevalent ever tobacco product use at baseline

Cigarette 89 (13.7) 302 (21.0)

E-cigarette 123 (19.0) 379 (26.4)

Hookah 158 (24.3) 411 (28.6)

Cigars 69 (10.6) 204 (14.2)

Any tobacco product 214 (32.9) 564 (39.2)
Prevalent past 30-d tobacco product use at baseline

Cigarette 4 (3.7) 95 (6.6)

E-cigarette 6 (8.6) 145 (10.1)

Hookah 2 (9.5) 162 (11.3)

Cigars 1(3.2) 55 (3.8)

Any tobacco product 107 (16.5) 267 (18.6)
Initiation of tobacco product use (between baseline and follow-

up)®

Cigarette 2 (13.1) 156 (18.0)

E-cigarette 92 (24.7) 235 (29.7)

Hookah 55 (15.9) 146 (18.9)

Cigars 9 (12.0) 158 (17.1)

Any tobacco product 85 (27.7) 198 (30)
Initiation with past 30-d tobacco product use at follow-up®

Cigarette 17 (4.3) 52 (6.0)

E-cigarette 17 (4.7) 69 (8.9)

Hookah 16 (4.7) 32 (4.2)

Cigars 12 (2.9) 36 (3.9)

Any tobacco product 24 (7.9) 78 (12.1)

@ The denominator (652 in grade A; 1445 in grade D or F) varies because of missing values in covariates.
b Restricted to nonusers of each product (or of any tobacco product) at baseline.

initiation of e-cigarettes (OR 0.74;
95% C10.55-0.99) and of initiation
with past 30-day use (OR 0.45; 95% CI
0.23-0.90) were also lower in A-grade
than D- or F-grade jurisdictions. In
sensitivity analyses adjusting for time
since turning 18 at follow-up, there
was no change in the protective effect
estimate of living in a well-regulated
(A-grade) jurisdiction (results not
shown). Participants still living in
their jurisdiction of origin at follow-up
evaluation would have had consistent
exposure to the same regulatory
environment. In this sample, there
were stronger protective A-grade

compared with D- or F-grade
associations with cigarette and
e-cigarette initiation at follow-up (and
of initiation of e-cigarettes with past
30-day use) than in the entire sample
(results not shown). The protective
association of A-grade residence with
initiation of cigar use was similar in
magnitude to the association with
cigarette and e-cigarette use but was
not statistically significant.

DISCUSSION

Central features of the ALA TRL
grade include a licensing fee

sufficient to fund compliance checks
and enforcement of regulations
prohibiting tobacco sales to minors
and penalties for violating the law,
features of TRL that have been
reported to be necessary to reduce
sales to and use by youth.” Compared
with living in a jurisdiction with poor
TRL policy, youth in a jurisdiction
satisfying these criteria were less
likely to smoke in high school. In a
prospective follow-up of the cohort,
the odds of initiation of e-cigarette
use, with or without past 30-day

use, and of initiation of cigarette use
were also lower in well-regulated
jurisdictions. Stronger associations
among participants still living in their
jurisdiction of origin at follow-up
evaluation, with consistent exposure
to the same regulatory environment
throughout, also suggest that the
benefits of good TRL policy extended
both beyond cigarette use to
e-cigarette use and into early adult
life at age 18 when the sale of tobacco
products was legal at the time of the
study. The protective associations
were large, with risk lower by one-
third to a half in the strong compared
with weak TRL jurisdictions
(depending on the outcome).

There has been uncertainty
regarding the effects of youth access
restrictions on cigarette use.%7-16
Some authors of prospective studies
in which age-specific prevalence of
tobacco use was assessed before
and after regulatory intervention

to restrict youth access found
reductions in cigarette use,17-20 but
others found no benefit.21.22 Authors
of 1 review of studies that reported
changes in smoking associated with
youth access restrictions found no
relationship of vendor compliance
or of changes in vendor compliance,
with smoking prevalence in a
meta-analysis of available studies,®
perhaps because the restriction of
commercial access resulted in a shift
to social sources of cigarettes such
as older friends or siblings. Authors
of other observational studies have
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FIGURE 1

Associations of prevalent lifetime and current (last 30-day) use of each tobacco product at baseline
with residence in ALA Reduced Tobacco Sales grade A jurisdictions, compared with residence
in grade D or F jurisdictions. Models were adjusted for sex, ethnicity, parental education, age at
baseline, and for any other tobacco product use at baseline (except for any tobacco product use
prevalence, which was compared with never users of any tobacco product) and included a random
effect for jurisdiction.
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FIGURE 2

Associations of initiation of use of each tobacco product between baseline and follow-up and of
initiation and current (last 30-day) use, with residence in ALA Reduced Tobacco Sales grade A
jurisdictions, compared with residence in grade D or F jurisdictions. Each model was restricted
to nonusers of product at baseline. Models were adjusted for sex, ethnicity, parental education,
age at baseline, and for any other tobacco product use at baseline (except for any tobacco product
use initiation, which was compared with never users of any tobacco product at either baseline or
follow-up) and included a random effect for jurisdiction.

found reduced smoking rates in
communities with youth access
restrictions, but it was not clear

that reduced access mediated the
reduction in smoking rates.1%23 For
example, sustained reductions in
adolescent daily smoking rates were
observed in Minnesota communities
that were randomly assigned to
intervention supporting community
organizers to develop and promote
good TLR ordinances, compared
with nonintervention communities.2°
However, it was not clear whether
the observed reductions in

smoking rates were due to youth
access restrictions and improved
vendor compliance or to other
regulatory features resulting from
the intervention, such as bans on
vending machines and requirements
for posted signs reporting age of
sale policies, or for storing cigarettes
behind the sales counter.!’

Our results are broadly consistent
with findings of a comprehensive
review in which authors concluded
that lower smoking rates occur if
local TRL requires yearly compliance
checks with effective enforcement.”
Our study is 1 of the few that
assessed associations of TRL with
both prevalence and initiation

rates in a prospective assessment

of the same participants during

an adolescent period of known

high incidence of initiation. The
prospective cohort design of the
study also provided the opportunity
to examine the impact of TRL on
legal tobacco product use by young
adults. The reduced risk of initiation
of cigarette and e-cigarette use

at follow-up in jurisdictions with
better TRL regulation (with effect
estimates that were unaffected by
adjusting for time since turning 18 at
follow-up) suggests that regulation
may have lowered initiation rates
even after participants reached the
age for legal purchase. Although most
adult smokers historically first use
cigarettes before age 18,12 in our
cohort, rates of initiation of tobacco
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product use were substantial, even
in well-regulated jurisdictions. For
example, in jurisdictions with an A
grade, rates of initiation of cigarette
and e-cigarette use during the
follow-up period were 13.1% and
24.7%, respectively (from Table 1);
these high rates of experimentation
indicate a need for interventions to
reduce initiation in this susceptible
age window.

An alternative explanation

for the protective effects of

better TRL policy is that the
associations reflected broadly
unfavorable community attitudes
toward cigarette use, including
other tobacco regulations that
affected the use of cigarettes and
e-cigarettes to minors. If this were
the explanation, we might expect
to have seen associations with

the other ALA tobacco grades
relating to, for example, smoke-free
housing, smoke-free outdoor air,
or the overall tobacco grade in a
jurisdiction. However, protective
effects only of the TRL grade were
observed.

Lower odds of cigar use initiation
associated with better TRL
regulation, although not statistically
significant, were similar in magnitude
to reductions in odds of the initiation
of cigarettes and e-cigarettes.
However, living in a jurisdiction

with stronger regulation was not
protective for baseline prevalence

or subsequent initiation of hookah
use. Sales of hookah paraphernalia
often occur in specialty shops and
hookah bars where cigarettes may
not have been sold?* and therefore
may not consistently have been
subjected to the same rigorous
compliance checks as traditional
cigarette vendors. E-cigarettes are
commonly sold at locations that

also sell cigarettes that would have
been subject to TRL regulation, and

a state law passed in 2010 made it
illegal to sell e-cigarettes to minors.%>
However, e-cigarettes are also sold
in specialty “vape” shops,2® and at

the time of the study, e-cigarettes
were not specifically categorized as
a tobacco product.?’ Therefore, vape
shops were not required by state law
to obtain a tobacco vendor license if
they were not selling other tobacco
products. If strong TRL regulation
was responsible for the lower

rates of e-cigarette use in A-grade
jurisdictions, it is possible that
similar TRL requirements for vape
shops would have resulted in larger
protective effects.

The US Food and Drug
Administration (FDA) has contracts
with regulators in most states to
restrict youth tobacco access and
also conducts its own inspections
and hires third parties to conduct
compliance checks.?® However, the
frequency of compliance checks is
generally low, because of resource
limitations, and penalties for
violation of the law vary widely
between states. California, for
example, which has been a leader
in tobacco control, annually
inspected, on average, only 7% of
tobacco retailers in 2016.910 If a
high rate of compliance checks,
accompanied by enforcement, is
necessary to reduce youth smoking
as our results suggest, then strong
local TRL ordinances may be an
important option to reduce teen
tobacco product use through access
restriction.10.29.30

The study has some limitations. The
ALA criteria for an A grade covered
a relatively broad spectrum of TRL
policy relevant to youth access,
including larger fees, compliance
access, and penalties if vendors
violated the law. Identifying the
possible effects of specific features
of the TRL policy was not possible.
A minimum proportion of vendors
actually undergoing compliance
checks was not specified, and it was
not possible to assess the effect of
the proportion of vendors visited.
In addition, the “deeming rule” that
defined e-cigarettes and hookah as
tobacco products means that TRL

will be required of all vendors of
these products.3! The recent increase
in the legal age of tobacco product
purchase to 21 years in California,
passed after data collection for this
study was completed, means that

the associations of TRL policy with
use during the transition to legal

age of purchase may no longer be
applicable to California. However, the
results may broadly be generalizable
to local jurisdictions in states with a
legal purchase age of 18 years, with
the exception of a few states that
have prohibited local jurisdictions
from enacting more stringent local
regulation.?2 The increase of poorly
regulated e-cigarette Internet
vendors, a relatively new way for
minors to obtain tobacco products
illegally at the time of data collection,
may limit the future impact of

TRL as a regulatory tool.33 Future
follow-up of this cohort is warranted
to determine the persistence of
associations with strong youth

TRL and to examine longitudinally
potential mediating factors,

such as social characteristics of
neighborhoods and communities and
individuals’ changing tobacco social
environment over time. There were
also other potential confounders or
mediators of TRL effects, such as
differences in school-level tobacco
prevention programs or number of
tobacco outlets by jurisdiction, that
were not available to study.

CONCLUSIONS

The results suggest that a strong
local TRL ordinance that provides
adequate resources to fund regular
compliance checks and enforcement
may result in large reductions in

the use of cigarettes and may also
result in reduced e-cigarette use. The
benefits of these policies may extend
into early adult life. The study also
suggests that the success of future
FDA regulation to reduce youth
cigarette and alternative tobacco
product access and use, under rules
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deeming these products to be subject
to FDA regulation,! may depend

on the availability of resources

for universal annual compliance
checks and enforcement targeted

to both traditional and alternative
tobacco product vendors. Continued
monitoring is needed to assess the
impact on the effectiveness of TRL

policy within the rapidly evolving
tobacco product patterns of use,
new national regulation, and poorly
regulated Internet sales.
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