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Background

Curbing the uptake of electronic nicotine
delivery systems (ENDS) among adolescents is
an important public health initiative because of
the wide range of health and behavioral
problems associated with ENDS use."* One such
problem is trouble with sleeping. Research has
found that the stimulatory effects of nicotine
from ENDS use disrupt sleep,® however the
directionality of this relationship has not been
thoroughly explored, and sleep problems may
increase the likelihood an individual initiates
ENDS use.’

Previous longitudinal research has found that
sleep problems in early childhood predicted
cigarette uptake later in adolescence.’ Because
ENDS are similar to cigarettes, we wanted to
explore if the association existed between sleep
and ENDS use. In a prior cross-sectional study,
we found that sleep deprivation was associated
with susceptibility to initiate ENDS.® In this
study, we longitudinally assessed whether
adolescent self-reported sleep problems related
to actual initiation of ENDS use after one year.
Because of our previous findings and previous
findings regarding sleep trouble and cigarettes,
we hypothesized that adolescents who reported
sleep troubles would have significantly higher
risk of actual ENDS use one year later.

Methods

We used data from Waves 4.5 and 5 (2017-2018
to 2018-2019) of the Population Assessment of
Tobacco and Health (PATH) study to conduct
this analysis. We received exemption from
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ethical compliance from KDH Research &
Communication’s internal IRB, FWA00011177,
IRB 00005850. We used the PATH weighting
for national representativeness.

Data collection

The design of the PATH study oversamples
tobacco users and is susceptible to attrition due
to its longitudinal nature.” We used the svyset
procedure with wave 5's special collection all-
waves cohort 4 weights to adjust for
oversampling and nonresponse from wave 4.5 to
wave 5. Our estimates were computed with
balanced repeated replication (BRR) using a
Fay’s adjustment value of 0.3 based on the
PATH study user guide."

Study population

The PATH youth datasets include
noninstitutionalized, nonincarcerated, 12- to 17-
year-old United States (US) citizens. We
excluded youth who had previously used
tobacco, alcohol, or illicit substances. The
sample used in analysis included 6,466 youth,
representative of 13,295,663 youth living across
the US.

Analyses

We used STATA 16.1 for all statistical analyses.
We conducted four Poisson regression models''
exploring whether reported sleep problems
during Wave 4.5 related to ENDS initiation by
Wave 5. In each model, we added covariates
relevant to sleep and ENDS initiation.

Model 1, was a crude, unadjusted model. Model
2, controlled for age, race/ethnicity, sex, parental
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education, household income, physical activity, and body
mass index (BMI). Model 3, additionally controlled for
exposure to social media ENDS advertising, whether
tobacco products could be found in the home, previous year
depression, anxiety, school performance, sensation seeking
scores, perceptions of ENDS harmfulness, and the
respondent’s proximity to friends who use ENDS. Finally,
in Model 4, we further controlled for the Pierce
susceptibility scale,'? adapted to predict susceptibility to
ENDS initiation.'*!3

Independent variable

Past year sleep troubles: Respondents were asked, “When
was the last time that you had significant problems with
sleep trouble, such as bad dreams, sleeping restlessly, or
falling asleep during the day?” Answer choices included,
“Past month,” “Two to twelve months ago,” “Over a year
ago,” and “Never.” We created a dummy variable where 1
represented a respondent who answered either “Past month”
or “Two to twelve months ago”, and 0 represented a
respondent who answered either “Over a year ago” or
“Never.” This variable was pulled from Wave 4.5 since we
were exploring the potential to predict later ENDS initiation
at Wave 5.

Dependent variable

Never-to-ever ENDS use: Respondents were asked, “In the
past 12 months, have you used an electronic nicotine
product, even one or two times?” with answer choices of
“Yes” or “No”. We created a dummy variable where 1
represented a respondent who answered “No” at wave 4.5
but “Yes” at wave 5, and 0 represented a respondent who
answered “no” at both wave 4.5 and wave 5.

Findings

The majority of youth respondents were Non-Hispanic
White (45.78%) while age groups were approximately equal
with 50.04% being between the ages of 12 to 14. There were
slightly more males (51.77%). Less than half (42.30%)
reported experiencing sleep troubles in the past year at wave
4.5, and about 7% initiated ENDS use by wave 5.

In Model 1, adolescents who reported past year sleep
troubles at wave 4.5 were associated with significantly
higher risk of initiating ENDS use by wave 5 compared to
adolescents who reported no past year sleep troubles at wave
4.5 (Past year sleep trouble: RR = 1.75 95% CI = [1.4-2.2]).
Model 2 maintained this significant relationship while
controlling for socio-demographics and health related
variables (Past year sleep trouble: RR = 1.75 95% CI =[1.4-
2.2]). In Model 3, the significant association was upheld
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while adding covariates for previous year anxiety,
previous year depression, exposure to ENDS advertising
on social media, whether tobacco products could be found
in the home, proximity to friends who use ENDS, school
performance, sensation seeking score, and perceived
harmfulness of ENDS (Past year sleep trouble: RR = 1.57
95% CI =[1.2-2.0]). The association persisted even in
Model 4, when further controlling for susceptibility to
initiate ENDS at wave 4.5 (Past year sleep trouble:
RR=1.4895% CI=[1.1-1.9)).

Discussion

Adolescents face many barriers to achieving healthy sleep
including stress from school and social encounters,'®'” and
detrimentally stimulating environments and behaviors. '*"”
Furthermore, sleep quality may be affected differently
among adolescents by age and sex because of biological
transitions occurring during puberty.?**!

Adjustments to earlier school schedules may coincide with
such transitions and further obstruct healthy levels of
sleep. Research has found that delaying a high school’s
start time was associated with benefits in mood, alertness,
and overall health among students. Future research should
explore whether initiation of ENDS differs between
schools with different starting times.*

Classes on sleep hygiene have been developed for
adolescents and have shown promise in outcomes besides
better sleep such as reduced internalizing behaviors and
increased performance at school.” Sleep targeted
interventions may serve as a protective factor, preventing
initiation of ENDS use. Future research should explore
whether sleep hygiene classes may affect adolescent
susceptibility to initiating ENDS.

We encountered several limitations in this study including
the potential of response bias in the PATH study, memory
of sleep problems may be inaccurate and concerns about
confidentiality may sway adolescent answers about ENDS
use. We were limited in the self-reported variable we used
to represent sleep problems as it did not have information
on the frequency or duration of the sleep issues reported.
We excluded adolescents who had previously used alcohol
and/or illicit substances, it is possible that sleep problems
relate to higher risk of these substances as well.

We used a nationally representative sample of US
adolescents aged 12 to 17 to assess the association
between self-reported sleep troubles and initiation of
ENDS use one year later. Even while controlling for a
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substantial list of relevant covariates, we found that
adolescents who reported experiencing past year sleep
troubles during 2017-2018 had increased risk of initiating
ENDS use by 2018-2019 compared to adolescents who
reported no sleep troubles.

These findings are essential to parents, researchers, and
other professionals directly engaged in ENDS prevention
efforts. It is important for research to learn how to better
identify the individuals who are most at risk of ENDS
initiation and the measures needed for tailoring an
environment that is conducive to the healthiest adolescent
outcomes. Our findings show that ensuring an optimal
amount and quality of sleep may be an effective measure.
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