Taylor & Francis
Taylor & Francis Group

Substance Use & Misuse

ISSN: 1082-6084 (Print) 1532-2491 (Online) Journal homepage: www.tandfonline.com/journals/isum20

The Association Between Adolescent Mental
Health Symptoms and Characteristics of Cigarette
and E-Cigarette Use

Emily E. Hackworth, Désirée Vidaina-Pérez, Riley O'Neal, Minji Kim, Jennifer
Fillo, David Hammond & James F. Thrasher

To cite this article: Emily E. Hackworth, Desirée Vidafia-Pérez, Riley O'Neal, Minji Kim, Jennifer
Fillo, David Hammond & James F. Thrasher (17 Nov 2025): The Association Between Adolescent
Mental Health Symptoms and Characteristics of Cigarette and E-Cigarette Use, Substance Use
& Misuse, DOI: 10.1080/10826084.2025.2584705

To link to this article: https://doi.org/10.1080/10826084.2025.2584705

A
h View supplementary material (&

@ Published online: 17 Nov 2025.

N
EJ/ Submit your article to this journal &

||I| Article views: 60

A
& View related articles &'

@ View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=isum20


https://www.tandfonline.com/journals/isum20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10826084.2025.2584705
https://doi.org/10.1080/10826084.2025.2584705
https://www.tandfonline.com/doi/suppl/10.1080/10826084.2025.2584705
https://www.tandfonline.com/doi/suppl/10.1080/10826084.2025.2584705
https://www.tandfonline.com/action/authorSubmission?journalCode=isum20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=isum20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10826084.2025.2584705?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10826084.2025.2584705?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/10826084.2025.2584705&domain=pdf&date_stamp=17%20Nov%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/10826084.2025.2584705&domain=pdf&date_stamp=17%20Nov%202025
https://www.tandfonline.com/action/journalInformation?journalCode=isum20

SUBSTANCE USE & MISUSE
https://doi.org/10.1080/10826084.2025.2584705

Taylor & Francis
Taylor &Francis Group

ORIGINAL ARTICLE

‘ W) Check for updates‘

The Association Between Adolescent Mental Health Symptoms and
Characteristics of Cigarette and E-Cigarette Use

Emily E. Hackworth??

David Hammond®¢ and James F. Thrasher®

, Désirée Vidana-Pérez®, Riley O’'Neal®, Minji KimP

, Jennifer Fillo®,

aMasonic Cancer Center, University of Minnesota, Minneapolis, MN, USA; "Department of Health Promotion, Education & Behavior, Arnold
School of Public Health, University of South Carolina, Columbia, SC, USA; <School of Public Health Sciences, University of Waterloo, Waterloo,

Canada

ABSTRACT

Introduction: While there is a bi-directional relationship between internalizing mental health (IMH)
symptoms (i.e.,, symptoms of depression, symptoms of anxiety) and nicotine use, it is unclear how
IMH relates to patterns of use. The purpose of this study is to quantitatively examine the relationship
between IMH symptoms and indicators of nicotine dependence, quit intentions, and quit attempts
among adolescents who use cigarettes and/or e-cigarettes.

Methods: Data come from the 2020-2023 waves of the International Tobacco Control (ITC)
Adolescents Tobacco and Vaping Survey. The analytic sample for this study includes those reporting
past 30-day use of cigarettes and/or e-cigarettes (n=18,800). We measured indicators of nicotine
dependence (i.e., frequency of use, time to first use, and perceived addiction), quit intention, and
quit attempt history separately for cigarettes and e-cigarettes. Respondents reported current IMH
symptoms (any vs. none). We examined associations between IMH symptoms and all outcomes
using regression models, adjusting for dual use, and examining moderation by dual use.

Results: IMH symptoms were positively associated with e-cigarette nicotine dependence indicators
and intention to quit e-cigarettes. IMH symptoms were positively associated with cigarette nicotine
dependence indicators and intention to quit for those reporting dual use of e-cigarettes and
cigarettes, but not exclusive cigarette use. IMH symptoms were positively associated with ever
having a quit attempt for both products.

Conclusions: Findings indicate that IMH symptoms were comorbid with greater dependence on
nicotine products, particularly e-cigarettes. Smoking and e-cigarette cessation interventions should
consider mental health, though research is needed to understand the directionality of the
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e-Cigarette; cigarette; mental
health; nicotine; dependence

relationship between IMH symptoms and e-cigarette use.

Introduction

Nicotine use remains a public health concern, despite
declines in cigarette use among adolescents in recent years.
E-cigarette use has increased among this population glob-
ally since its introduction to the tobacco marketplace, as
has dual use of these products. E-cigarette use is associated
with adverse cardiovascular and respiratory effects (Gotts
et al., 2019), with additional evidence that nicotine adversely
affects brain development (Tobore, 2019) and that mental
health can be worsened by both e-cigarette (Becker et al.,
2021) and cigarette use (Prochaska et al., 2017). There is
limited evidence that heavier patterns of use of cigarettes
and/or e-cigarettes and cessation behaviors are positively
associated with mental health symptoms (Fergusson et al.,
1996; Grunau et al, 2010; Kubik et al., 2003; Lam et al.,
2005; Miller et al., 2011; Smith et al., 2014; Sonntag et al.,
2000). However, this limited evidence focuses largely on

cigarette use and data from the period before e-cigarette
use became popular among adolescents (e.g., 2017).
Consequentially, these studies do not evaluate dual use of
both products, which is increasingly common among ado-
lescents (Sreeramareddy et al., 2022) and was found to be
more strongly associated with poor mental health than
exclusive use of either product (Dunbar et al., 2017;
Leventhal et al., 2016; Wills et al., 2015). Furthermore, the
COVID-19 pandemic impacted both adolescent mental
health (Bosch et al., 2022; De France et al., 2022; Houghton
et al, 2022; Meherali et al., 2021; Ravens-Sieberer et al,
2022) and tobacco/nicotine use (Layman et al., 2022; FDA,
2023). This study aimed to better understand how mental
health is related to characteristics of cigarette, e-cigarette,
and dual use among adolescents.

Adolescents with untreated internalizing mental health
(IMH) conditions (e.g., depression, anxiety) are at risk for a
number of adverse outcomes, including substance use
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disorders and suicide (Pompili et al., 2012). Individuals suf-
fering from untreated IMH conditions have a significantly
shorter life expectancy than the general population (DeHay
et al., 2012; Parks et al., 2006). Studies have found that nic-
otine dependence, defined as encompassing the physical and
psychological factors that make it difficult for a person who
uses tobacco/nicotine products to stop (CAMH, 2023), is
positively associated with IMH problems among adolescents
(Fergusson et al., 1996; Miller et al., 2011; Sonntag et al,
2000). However, these studies use a variety of measures of
nicotine dependence that focus only on cigarette use.

Frequency of use, another indicator of nicotine depen-
dence, is also associated with IMH symptoms and conditions
among adolescents (Ferreira et al., 2019; Goodwin et al., 2005;
Grunau et al., 2010; Johnson et al., 2000; Kubik et al., 2003).
Studies of cigarette smoking have found consistent, positive
associations with IMH and smoking frequency. The few stud-
ies to examine IMH and e-cigarette use have found that IMH
symptoms were positively associated with frequency of
e-cigarette use (Lechner et al., 2017), while another found no
association (Dunbar et al., 2017). No studies have considered
dual use of cigarettes and e-cigarettes to our knowledge.

IMH symptoms are also associated with quit intentions
and quit attempts. While evidence among adults suggests that
a lack of quit attempt or intention to quit are positively asso-
ciated with IMH problems (e.g., Taylor et al, 2014, 2021),
only two studies have examined this among adolescents and
both focus only on cigarette smoking (Lam et al., 2005; Smith
et al., 2014). One study found that adolescents who did not
intend to quit at baseline had more IMH symptoms at follow
up than adolescents who did intend to quit at baseline (Lam
et al., 2005). Similarly, another study found that adolescents
with IMH conditions at baseline were less likely to attempt
to quit than those without IMH conditions (Smith et al,
2014). While limited, these studies suggest that making a quit
attempt or intending to quit may be related to better mental
health among adolescents. More research is needed to better
understand how quit attempts and quit intention are related
to IMH symptoms among adolescents, particularly for
e-cigarette use, for which there is no evidence to date.

The purpose of this study is to examine IMH symptoms
and indicators of dependence, quit intentions, and quit
attempts among adolescents who wuse cigarettes and/or
e-cigarettes, and the potential moderation of dual use status.
We hypothesized that the presence of IMH symptoms would
be positively associated with dependence and negatively asso-
ciated with quit attempt and quit intention, for both cigarette
and e-cigarette use. We also hypothesized that dual use would
moderate this relationship for all outcomes, where associations
would be stronger for dual use compared to exclusive use.

Methods
Data source

The data for this study come from the International Tobacco
Control (ITC) Adolescents Tobacco and Vaping Survey. This
national repeat cross-sectional survey is conducted in
England, Canada, and the United States (USA). Participants

answer questions about their experience with and beliefs
about tobacco products, sociodemographic characteristics,
and their mental health symptoms (Hammond & Reid,
2023). The current study uses six waves of the ITC
Adolescents Tobacco and Vaping Survey conducted between
2020 and 2023: February 2020, August 2020, February 2021,
August 2021, August 2022, and August 2023.

Participants were recruited from the Nielsen Consumer
Insights Global Panel, which is a non-probability-based sample.
A random selection of panelists, parents of panelists (for par-
ticipants under 18), or panelists with children ages 16-19
received email invitations with a unique survey link to screen
for eligibility. Eligible participants were aged 16-19years.
Participants received renumeration in accordance with the
panel incentive structure, which included point-based rewards,
monetary rewards, and/or chances to win monthly prizes.

The two analytic samples for this study were comprised
of those who reported current cigarette use (n=9822) and
current e-cigarette use (n=14,692). Participants reporting
dual use of both products were included in both samples.
Participants indicating no current use of either product were
excluded (n=62,645). Participants who responded ‘don’t
know’ or ‘refused’ for mental health variables were excluded
(n=232), resulting in a total analytic sample of 18,800.

Measures
Dependent variables: nicotine dependence indicators

Current tobacco/nicotine use measures were adapted from
the PATH study surveys (United States Department of
Health & Human Services. National Institutes of Health.
National Institute on Drug Abuse, 2016), with questions
about cigarette use and e-cigarette use asked separately but
otherwise using the same wording. Participants were asked
separately, “In the past 30days, on how many days did you
(smoke/vape)” and could enter 0-30days to indicate fre-
quency of use. Responses of ‘don’t know’ or ‘refused’ were
recoded as missing and were excluded from analyses
(n=1305 for cigarettes, n=2624 for e-cigarettes).

Time to first use was measured by asking participants,
“How soon after waking do you (smoke/vape)?” with
response options ‘within 5min, ‘6-30min, ‘31-60min, and
‘60+ minutes. Responses of ‘don’t know’ or ‘refused’ were
recoded as missing and were excluded from analyses (=942
for cigarettes, n=1303 for e-cigarettes).

Perceived addiction was measured by asking respondents,
“Do you believe you are addicted to (smoking ciga-
rettes/e-cigarettes/vaping?” with response options ‘Yes, very
much, ‘Yes, a little; or ‘Not at all’ (Hammond et al., 2021).
Responses of ‘don’t know’ or ‘refused’ were recoded as miss-
ing and were excluded from analyses (n=161 for cigarettes,
n=>590 for e-cigarettes).

Dependent variables: cessation variables

For intention to quit, participants who reported any use of
the specific product in the prior month were asked, “Are you
planning on quitting (smoking/vaping)..” with response



options ‘within the next month, ‘between 1 and 6months
from now, recoded as ‘intending to quif and response
options ‘sometime in the future, beyond 6 months, ‘not plan-
ning to quit, and T dont know’ coded as ‘not intending to
quit’ Responses of T don't currently smoke/vape were
recoded as missing and excluded (n=1,370 for cigarettes,
n=1,780 for e-cigarettes), as were responses of ‘Trefused’
(n=29 for cigarettes, n=76 for e-cigarettes).

For ever having a quit attempt, participants were asked,
“Have you ever tried quitting (smoking/vaping)?” with
response options ‘yes' and ‘no. Responses of ‘don’t know’ or
‘refused’ were recoded as missing and were excluded from
analyses (n=75 for cigarettes, n=476 for e-cigarettes). For
this outcome for cigarettes in the February 2020 wave, mea-
surement differed from subsequent waves; therefore, respon-
dents from that wave reporting current cigarette use have
been dropped from models for this outcome (n=2173).

Mental health symptoms

Mental health symptoms were measured using two items
from the Screening Tool for Psychological Distress (STOP-D),
which was validated among adults (Young et al, 2015).
Symptoms of depression were measured by asking partici-
pants, “In the last month, how much have you been bothered
by feeling sad, down, or uninterested in life?” Symptoms of
anxiety were measured by asking participants, “In the last
month, how much have you been bothered by feeling anxious
or nervous?” For both items, response options ranged from 0
to 9 (0="not at all; 3="a little} 6="moderately, and 9="severely’).
We assessed these as both continuous and binary variables
(i.e., validated cut-points of 4 for depression symptoms and 5
for anxiety symptoms (Young et al., 2015)), and as both sep-
arate indicators and combined indicators. Items were com-
bined to create a dichotomous IMH symptoms variable,
where participants who met the cut-points for either depres-
sion or anxiety were coded as ‘1’ and participants who did
not meet the cut-points for either were coded as ‘0'.

Covariates

Participants were asked if they used any of the following in
the past month: little cigars or cigarillos, cigars, bidis, smoke-
less tobacco, hookah, and nicotine pouches. A variable ‘other
tobacco product use’ was generated (yes vs. no). A dual use
of cigarettes and e-cigarettes variable was also generated, dif-
ferentiating between participants who reported current use
of both products and exclusive use (yes vs. no).
Participants indicated their age: 16, 17, 18, or 19 and
their sex at birth: ‘male’ or ‘female’ Participants were asked,
“What is your current gender identity?” with response
options ‘Man, ‘Woman, ‘Trans male/trans man, ‘Trans
female/trans woman, ‘Gender queer/Gender non-conforming),
or ‘Different identity, where an open response was provided.
These categories were recoded to a binary gender minority
variable where responses of ‘man’ or ‘woman’ were coded as
0 ‘non-gender minority’ [reference] and other responses
(e.g., transgender, gender non-conforming) were coded as 1
‘gender minority. Invalid responses were coded as missing
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but remained in analyses. We derived a binary race variable
(white only vs. other races or mixed race), due to the vary-
ing types of racial and ethnic groups between the three
countries. Socioeconomic status (SES) was collected using a
measure of perceived income adequacy, where participants
were asked, “How would you describe your family’s financial
situation?” with response options ‘not meeting basic expenses,
‘just meeting basic expenses, ‘meeting needs with a little left
over; ‘living comfortably, and ‘don’t know/refuse’ (ITC Youth
Tobacco and Vaping Survey, 2023). Participants were asked
in which country they live: Canada, England, or USA. A
wave indicator was generated for each data collection effort.

Analyses

For each outcome (ie., frequency of cigarette use/e-cigarette
use; time to first cigarette/e-cigarette; perceived addiction to
cigarettes/e-cigarettes; quit attempt of cigarettes/e-cigarettes;
intention to quit smoking/e-cigarette use), a model was esti-
mated using all respondents reporting use of the product
(cigarettes or e-cigarettes), resulting in 10 total models. The
primary independent variable for all models was the pres-
ence of IMH symptoms (any vs. none). For a sensitivity
analysis to ensure the dichotomous version of the IMH
symptom was consistent with the continuous version of that
variable, we re-ran all models with the continuous variable.

Associations between IMH symptoms and frequency of
use were examined using a Poisson regression model with
frequency of use as the outcome (#1-30days). Multinomial
regression models were estimated for the outcomes of time
to first use (1h+ (reference); 31-60min; 6-30min; and
within 5min) and perceived addiction (not at all (reference);
yes, a little addicted; yes, very addicted). For time to first
use models, frequency of use was included as a covariate.
Finally, logistic regression models were estimated for binary
outcomes of ever having a quit attempt (no=reference) and
quit intentions in the next 6months (no=reference). We
assessed the interaction between IMH symptoms and dual
use of cigarettes and e-cigarettes by creating an interaction
term and adding it into the adjusted models for each out-
come. When the interaction term was significant, we strati-
fied the main analyses by dual use or exclusive use and
evaluated the coefficient associated with IMH.

All analyses include post-stratification sample weights,
which were constructed based on population estimates for
sociodemographic variables (age, sex, region in all countries;
race in US only) and past 30 day smoking (based on national
estimates in US and Canada; unavailable in England) (ITC
Youth Tobacco and Vaping Survey, 2023). All models were
adjusted for dual use, use of other tobacco products, wave,
sex, gender identity, race, age, SES, and country of residence.
All analyses were conducted using Stata version 18.

Results
Sample characteristics

The sample characteristics are provided in Table 1. The ana-
Iytic sample (n=18,800) included 9822 adolescents reporting
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Table 1. Sample characteristics (n=18,800).

Cigarette Use (n=9822)

E-Cigarette Use (n=14,692) Dual Use (n=5714)

A little addicted
Very addicted

4351 (46.3%
1768 (17.2%.

5575 (39.6%)
3010 (19.4%)

2447 (44.9%)
1369 (23.0%)

Characteristics Categories n (weighted %)? n (weighted %)° n (weighted %)¢
Wave Feb 2020 2173 (20.1%) 2751 (18.5%) 1180 (19.3%)
Aug 2020 1535 (17.8%) 1889 (14.3%) 772 (16.0%)
Feb 2021 1407 (16.6%) 2112 (15.3%) 767 (16.1%)
Aug 2021 1533 (14.8%) 2285 (16.0%) 908 (15.6%)
Aug 2022 1661 (17.1%) 2884 (18.3%) 1081 (17.8%)
Aug 2023 1513 (13.5%) 2771 (17.7%) 1006 (15.3%)
Country Canada 2553 (27.2%) 4672 (31.6%) 1496 (27.9%)
England 4645 (55.1%) 4901 (34.2%) 2535 (51.7%)
USA 2624 (17.7%) 5119 (34.2%) 1683 (20.4%)
Age 16 1638 (18.2%) 2253 (17.2%) 942 (18.4%)
17 2310 (25.8%) 3044 (22.5%) 1251 (23.6%)
18 3188 (31.3%) 5276 (34.7%) 1908 (32.4%)
19 2686 (24.7%) 4119 (25.6%) 1613 (25.5%)
Sex Male 3884 (57.1%) 4664 (48.6%) 2149 (54.9%)
Female 5938 (42.9%) 10028 (51.4%) 3565 (45.1%)
Gender Identity Non-cisgender 462 (3.8%) 672 (3.9%) 294 (4.2%)
Cisgender 9360 (96.3%) 14020 (96.1%) 5420 (95.8%)
Race White 7172 (77.1%) 10308 (75.1%) 4186 (76.6%)
Other races 2563 (22.1%) 4245 (24.1%) 1480 (22.5%)
Perceived Family Income Not meeting needs 840 (7.1%) 1068 (6.5%) 505 (7.6%)
Just meeting needs 3050 (28.7%) 4438 (28.2%) 1781 (29.5%)
Meeting needs 2944 (30.9%) 4637 (31.9%) 1708 (30.4%)
Living comfortably 2659 (30.3%) 4042 (30.4%) 1555 (30.0%
IMH Symptoms Yes 6951 (66.3%) 10,905 (70.1%) 4279 (71.5%)
Dual Use Yes 5714 (55.6%) 5714 (33.9%) 5714 (100%)
No (i.e., exclusive use) 4108 (44.4% 8978 (66.1%)
Use of other nicotine Yes 3300 (33.2%) 3814 (25.8%) 2235 (40.2%)
products?
Frequency of use (#1-30days) Mean (SE) 13.5 (0.12) 15.2 (0.11) 15.82 (0.16)
Time to first use Within 5min 990 (10.6%) 2874 (19.5%) 1269 (20.8%)
6-30min 1793 (19.5%) 2805 (20.6%) 1180 (21.7%)
31-60min 1247 (14.2%) 1642 (12.3%) 750 (14.5%)
Th+ 4850 (55.7%) 6068 (47.6%) 2139 (43.1%)
Perceived addiction Not at all 3542 (36.4%) 5517 (41.0%) 1695 (32.0%)
) ( (
) ( (
) ( (

Intend to quit within Yes 2761 (32.7% 4076 (31.8%) 3790 (72.0%)
6 months®
Ever had a quit attempt Yes 3865 (48.3%) 6708 (46.9%) 2343 (41.3)
2Any participants who reported cigarette use in the past 30days.
PAny participants who reported e-cigarette use in the past 30days.
‘Any participants who reported dual use of cigarettes and e-cigarettes in the past 30days.
dUse of other nicotine/tobacco products includes little cigars or cigarillos, cigars, bidis, smokeless tobacco, hookah, and nicotine pouches.
eExcludes participants who indicated that they are not currently smoking (n=1370) or vaping (n=1780).
cigarette use (exclusive = 44%, dual = 56%) and 14,692 ado- Nicotine dependence indicators
lescents reporting e-cigarette use (exclusive = 66%, dual =
P 5 5 ’ The association between IMH symptoms and nicotine

34%). Participants who reported cigarette use had a mean age
of 17.6years old (SD = 1.02), were approximately half male
(57%), mostly cisgender (96%), and mostly white (77%).
Participants who reported e-cigarette use had a mean age of
17.7years old (SD = 1.04), were approximately half female
(51.4%), mostly cisgender (96%), and mostly white (75%).

Participants reporting cigarette use (9822) smoked an
average of 13.5 (SD = 11.52) days per month; 11% reported
smoking within 5min of waking up, and 17% said they were
very addicted to smoking cigarettes; 33% intended to quit
within 6 months and 48% had attempted to quit previously.
Participants reporting e-cigarette use (14,692) vaped an aver-
age of 15.2 (SD = 11.85) days per month; 20% reported vap-
ing within 5min of waking up, and 19% said they were very
addicted to vaping; 32% intended to quit within 6 months
and 47% had attempted to quit previously. We report on dif-
ferences in IMH symptoms by missingness status in
Supplemental Table 5.

dependence outcomes are shown in Table 2. IMH symptoms
were associated with frequency of cigarette use in unadjusted
models, but the association was no longer significant after
adjusting for covariates. IMH symptoms were positively
associated with frequency of e-cigarette use (adjusted coeffi-
cient = 0.07, SE = 0.02).

IMH symptoms were positively associated with first cig-
arette between 6 and 30min after waking (ARRR = 1.20,
95% CI = 1.03-1.38) and between 31 and 60min after
waking (ARRR = 1.24, 95% CI = 1.06-1.45), though not
for first use within 5min. IMH symptoms were positively
associated with time to first use of e-cigarettes within
6-30min (ARRR = 1.35, 95% CI = 1.19-1.52), and within
5min (ARRR = 1.66, 95% CI = 1.45-1.91), but not between
31 and 60 min.

IMH symptoms were positively associated with perceiving
oneself to be very addicted to cigarettes (ARRR = 1.40,
95%CI = 1.22-1.61) but unassociated with perceiving oneself


https://doi.org/10.1080/10826084.2025.2584705
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Table 2. Internalizing mental health symptoms and nicotine dependence outcomes for using cigarettes and E-cigarettes.

Frequency of Use®

#1-30days
b (SE) Adj. b(SE)
Cigarettes (n=8,517)
IMH Symptoms No ref ref
Yes -0.07 (0.02)** —0.04 (0.02)
E-cigarettes (n=12,068)
IMH Symptoms No ref ref
Yes 0.09 (0.02)*** 0.07 (0.02)***
Time to First Use (ref >60 min)®
31-60min 6-30min Within 5min

RRR (95% Cl) ARRR (95% Cl)
Cigarettes (n=8,880)
IMH Symptoms No ref ref

Yes 1.17 (1.03-1.34)* 1.24 (1.06-1.45)**
E-cigarettes (n=11,158)
IMH Symptoms No ref ref

Yes 1.06 (0.94-1.19) 1.11 (0.96-1.28)

RRR (95% Cl)

1.36 (1.24-1.50)***

ARRR (95% Cl) RRR (95% Cl) ARRR (95% Cl)

ref ref ref ref
1.17 (1.04-1.31)** 1.20 (1.03-1.38)* 1.05 (0.91-1.21) 0.98 (0.82-1.17)
ref ref ref ref

1.35 (1.19-1.52)*** 1.84 (1.66-2.05)***  1.66 (1.45-1.91)***

Perceived Addiction (ref “not at all”)*
A little addicted
RRR (95% Cl) ARRR (95% Cl)
Cigarettes (n=9,661)
IMH Symptoms No ref ref
Yes 0.89 (0.81-0.98)* 0.93 (0.84-1.03)
E-cigarettes (n=14,328)
IMH Symptoms No ref ref
Yes 1.15 (1.06-1.24)**  1.22 (1.12-1.32)***

1.40 (1.23-1.59)***

1.87 (1.68-2.07)***

Very addicted
RRR (95% Cl)

ARRR (95% Cl)

ref ref
1.40 (1.22-1.61)***

ref ref
1.83 (1.63-2.05)***

RRR: relative risk ratio; ARRR: adjusted relative risk ratio; IMH: Internalizing mental health symptoms; Cl: confidence interval; adj.: adjusted.
Adjusted models include dual use, other tobacco product use, age, sex, gender identity, race, socioeconomic status, wave, and country.
2Poisson regression models. DV: frequency of use in the prior month (range = 1-30days).

bMultinomial logistic regression models. DV: Time to first use (>60min=reference). Also adjusts for frequency of use.

‘Multinomial logistic regression models. DV: Perceived addiction (not at all =reference).

All models are weighted. Bold indicates statistical significance.
"p<0.05.

"p<0.01.

""p<0.001.

to be a little addicted to cigarettes. IMH symptoms were
positively associated with perceiving oneself to be a little
addicted to e-cigarettes (ARRR = 1.22, 95% CI = 1.12-1.32)
and very addicted to e-cigarettes (ARRR = 1.83, 1.63-2.05).
Sensitivity analyses with the continuous IMH measure were
generally consistent (see Supplemental Table 1).

Cessation variables

The association between IMH symptoms and cessation vari-
ables (i.e., quit intention and quit attempts) are shown in
Table 3. IMH symptoms were not associated with intending
to quit cigarettes after adjusting for covariates, but were pos-
itively associated with intending to quit e-cigarettes within
6months (AOR = 1.16, 95% CI = 1.04-1.30). IMH symp-
toms were positively associated with higher odds of ever
having tried to quit cigarettes (AOR = 1.49, 95% CI = 1.31-
1.70). Similarly, IMH symptoms were positively associated
with higher odds of ever having tried to quit e-cigarettes
(AOR = 1.44, 95% CI = 1.30-1.59). Sensitivity analyses with
the continuous IMH measure were generally consistent (see
Supplemental Table 2).

Interaction of IMH symptoms and dual use

The interaction of IMH symptoms and dual use was statis-
tically significant in the models for time to first cigarette,
perceived addiction to cigarettes, and intention to quit ciga-
rettes (see Supplemental Table 3). There was no interaction

Table 3. Internalizing mental health symptoms and cigarette and E-cigarette
cessation variables.

Intention to Quit Within 6 Months?
OR (95% Cl) AOR (95% Cl)

Cigarettes (n=8,423)
IMH Symptoms No ref ref
Yes 1.18 (1.04-1.33)* 1.11 (0.97-1.26)
E-cigarettes (n=12,836)
IMH Symptoms No ref ref
Yes 1.16 (1.05-1.29)**  1.16 (1.04-1.30)**

Ever Had a Quit Attempt®
OR (95% Cl) AOR (95% Cl)

Cigarettes (n=7,574)
IMH Symptoms No ref ref
Yes 1.84 (1.63-2.08)***  1.49 (1.31-1.70)***
E-cigarettes (n=14,216)
IMH Symptoms No ref ref
Yes 1.48 (1.35-1.63)*** 1.44 (1.30-1.59)***

OR: relative risk ratio; AOR: adjusted odds ratio; IMH: Internalizing mental health
symptoms; Cl — confidence interval.

Adjusted models include dual use, other tobacco product use, age, sex, gender
identity, race, socioeconomic status, wave, and country.

3Logistic regression models. DV: Intention to quit in next 6 months (no=refer-
ence). Excludes participants who indicated that they are not currently smok-
ing (n=1,370) or vaping (n=1,780).

bLogistic regression models. DV: Ever having quit attempt (no=reference).
Excludes February 2020 wave due to administration differences.

All models are weighted. Bold indicates statistical significance.

*p <0.05.

"p<0.01.

*p<0.001.

for e-cigarette outcomes. We stratified the significant out-
comes by dual use (see Table 4).

Among adolescents reporting exclusive cigarette use, IMH
symptoms were negatively associated with cigarette use
within 5min compared to using 1h or more after waking
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Table 4. IMH symptoms and time to first cigarette, perceived addiction, and intention to quit cigarettes stratified by dual use.

Time to First Cigarette®

Exclusive cigarette (n=3,736)

IMH Symptoms No
Yes

Dual use (n=5,144)

IMH Symptoms No
Yes

31-60 min
RRR (95% Cl)

ref
1.09 (0.90-1.31)

ref
1.34 (1.11-1.61)**

Perceived Addiction to Cigarettes®

Exclusive cigarette (n=4,522)

IMH Symptoms No
Yes

Dual use (n=5,636)

IMH Symptoms No
Yes

Intention to Quit Cigarettes®

Exclusive cigarette (n=3514)

IMH Symptoms No
Yes

Dual use (n=4909)

IMH Symptoms No
Yes

A little addicted
RRR (95% Cl)

ref
0.79 (0.69-0.90)***

ref
0.91 (0.80-1.04)

OR (95% Cl)

ref
1.03 (0.86-1.24)

ref
1.29 (1.09-1.52)**

ARRR (95% Cl)

ref
1.21 (0.96-1.53)

ref

1.28 (1.03-1.59)*

ARRR (95% Cl)

ref
0.84 (0.73-0.97)*

ref
1.00 (0.87-1.15)

AOR (95% Cl)

ref
1.01 (0.84-1.22)

ref
1.23 (1.03-1.47)*

6-30min
RRR (95% Cl)

ref
1.16 (0.97-1.37)

ref
1.19 (1.02-1.40)*

Very addicted
RRR (95% Cl)

ref
1.24 (1.03-1.49)*

ref
1.51 (1.26-1.82)***

Within 5min

ARRR (95% Cl) RRR (95% Cl)

ref ref
1.12 (0.89-1.40) 0.74 (0.60-0.93)**

ref ref
1.30 (1.07-1.58)** 1.43 (1.16-1.76)**
ARRR (95% Cl)

ref
1.15 (0.94-1.40)

ref
1.64 (1.35-1.99)***

ARRR (95% Cl)

ref
0.70 (0.53-0.92)**

ref
1.42 (1.12-1.80)**

RRR: relative risk ratio; ARRR: adjusted relative risk ratio; Cl: confidence interval; IMH: Internalizing mental health symptoms.

Models adjust for IMH symptoms, other tobacco product use, age, sex, gender identity, race, socioeconomic status, wave, and country.
2Multinomial logistic regression models. DV: Time to first use (>60min, 31-60 min, 6-30min, within 5min). Also adjusts for frequency of use.
bMultinomial logistic regression models. DV: Perceived addiction (not at all vs. a little, very).

‘Logistic regression models. DV: Intention to quit (yes vs. no).
All models are weighted. Bold indicates statistical significance.
"p<0.05.

"p<0.01.

"":p<0.001.

(ARRR = 0.70, 95% CI = 0.53-0.92), but not with other cat-
egories. Alternatively, among adolescents reporting dual use,
IMH symptoms were positively associated with all categories
of earlier time to first use, where the strongest association
was within 5min (ARRR = 1.42, 95% CI = 1.12-1.80), fol-
lowed by 6-30min (ARRR = 1.30, 95% CI = 1.07-1.58), and
then 31-60min (ARRR = 1.28, 95% CI = 1.03-1.59).

Among adolescents reporting exclusive cigarette use, IMH
symptoms were negatively associated with perceiving oneself
to be a little addicted to cigarettes (ARRR = 0.84, 95% CI =
0.73-0.97) and positively associated with perceiving oneself
to be very addicted to cigarettes, but only in the unadjusted
model. Among adolescents reporting dual use, IMH symp-
toms were positively associated with perceiving oneself to be
very addicted to cigarettes (ARRR = 1.64, 95% CI = 1.35-
1.99), but unassociated with perceiving oneself to be a little
addicted to cigarettes. Among those reporting exclusive cig-
arette use, IMH symptoms were unassociated with intention
to quit cigarettes; however, among those reporting dual use,
IMH symptoms were positively associated with intention to
quit (AOR = 1.23, 95% CI = 1.03-1.47). Sensitivity analyses
were consistent. Sensitivity analyses with the continuous
IMH measure were generally consistent (see Supplemental
Table 4).

Discussion

This study found that adolescents with IMH symptoms have
different patterns of cigarette and/or e-cigarette use than
those who do not have IMH symptoms. We found that IMH
symptoms were positively associated with several indicators

of e-cigarette dependence. We also found that IMH symp-
toms were positively associated with ever having a quit
attempt for both cigarettes and e-cigarettes. IMH symptoms
were positively associated with quit intention for e-cigarettes
but not for cigarettes. Finally, we found that the relationship
between IMH symptoms and some cigarette outcomes were
moderated by dual use status, where positive associations
were found between IMH symptoms and outcomes for those
reporting dual use, but not for those reporting exclusive use
of cigarettes. While this is the first study to examine the
interaction of mental health and dual use, studies have
found that the relationship between mental health and nico-
tine use is stronger for those who report dual use compared
to those who exclusively use cigarettes (Dunbar et al., 2017;
Leventhal et al., 2016; Wills et al., 2015).

Our findings that IMH symptoms were positively associ-
ated with e-cigarette use frequency but not with cigarette use
frequency are consistent with another study that evaluated
depressive symptoms among adolescents (Lechner et al.,
2017). Previous studies focusing on the association between
mental health and cigarette smoking frequency found a pos-
itive association (Ferreira et al., 2019; Goodwin et al., 2005;
Grunau et al., 2010; Johnson et al., 2000; Kubik et al., 2003),
though all analyzed data collected prior to 2017, when
e-cigarette use became more popular among adolescents.
Our study, with more recent data, suggests that this associ-
ation may be shifting away from cigarette smoking and
toward e-cigarette use. Adolescents with IMH symptoms
may be more likely to use e-cigarettes frequently due to the
fact that e-cigarettes are easier to hide and use discretely
than cigarettes (Bold et al., 2016), or due to shifting norms
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where e-cigarettes are considered more acceptable than cig-
arettes (Gorukanti et al, 2017). Longitudinal research is
needed to explore this relationship and the extent to which
mental health plays a role.

We found that for those reporting e-cigarette use, IMH
symptoms were positively associated with earlier time to first
use of e-cigarettes and perceiving oneself to be addicted to
e-cigarettes. While no prior studies have examined the asso-
ciation between IMH symptoms and time to first use or per-
ceived addiction among adolescents, these findings aligns
with our finding for frequency of use. As these variables are
indicators of nicotine dependence and are correlated, these
findings suggest that IMH symptoms are positively associ-
ated with nicotine dependence among those using e-cigarettes
regardless of nicotine dependence measurement. Studies
have found that IMH symptoms are positively associated
with various measures of nicotine dependence among ado-
lescents (Fergusson et al., 1996; Miller et al., 2011; Scherphof
et al., 2013; Sonntag et al., 2000).

We also found that IMH symptoms were positively asso-
ciated with intention to quit e-cigarettes, which differs from
our hypotheses. Indeed, research among adults suggests that
poor mental health is negatively associated with intention to
quit (Taylor et al., 2014, 2021) and that intention to quit is
considered an indicator of readiness to engage in
cessation-behaviors and associated with higher likelihood of
future quit attempts (Hummel et al., 2018). A lack of inten-
tion to quit has been associated with higher levels of nico-
tine dependence among adults (Fagan et al., 2007; Lin et al.,
2021), which tends to be more prevalent among individuals
with mental health conditions. Given that our sample is
adolescents, it is possible that the relationship between men-
tal health and quit intention is different than adults who are
likely smoking more heavily. This highlights a critical need
for targeted interventions and further research to understand
and address the unique challenges faced by this population
in building motivation and capacity to quit smoking.

For time to first cigarette, perceived addiction to ciga-
rettes, and intention to quit cigarettes, the association
between IMH symptoms and each outcome was moderated
by dual use, while no such moderation was found for any
e-cigarette outcomes. Adolescents reporting exclusive ciga-
rette use had either no association or a negative association
between IMH symptoms and these outcomes. Alternatively,
those reporting dual use of cigarettes and e-cigarettes showed
a positive association between IMH symptoms and these
outcomes for cigarettes. This is the first study to examine
the interaction of mental health and dual use. Past studies
have found strong associations between mental health and
nicotine dependence of cigarettes (Fergusson et al., 1996;
Miller et al., 2011; Scherphof et al., 2013; Sonntag et al.,
2000); however, similar to the findings related to use fre-
quency, these studies were conducted before e-cigarettes
became more popular among youth. It is possible that ado-
lescents with mental health symptoms that previously would
have smoked cigarettes in an e-cigarette-free environment
have shifted toward dual use as opposed to exclusive use of
cigarettes, as a form of self-medication or withdrawal symp-
tom management, as e-cigarettes are easier to conceal.
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Alternatively, given that we found positive associations
between IMH symptoms and nicotine dependence indica-
tors, it is possible that a causal pathway exists between nic-
otine use and developing IMH symptoms, or the opposite
(i.e., the presence of IMH symptoms increase likelihood of
subsequent nicotine use). Finally, it is also possible that this
finding is an artifact of sample heterogeneity. Longitudinal
studies are needed to better understand the pattern and
directionality of these relationships.

We found that IMH symptoms were positively associated
with having attempted to quit both cigarettes and e-cigarettes.
This finding may be due to the nicotine withdrawal symp-
toms during quit attempts. For example, nicotine withdrawal
results in worsened mental health symptoms which are then
alleviated by continuing to use nicotine in the short term
(Parrott, 1995). Indeed, adolescents with poor mental health
may be more likely to relapse when they try to quit, as
found in one prior study (Yimsaard et al., 2023). Furthermore,
a recent study found that adults with depression who smoke
cigarettes were more likely to attempt to quit than those
without depression (46), though, to our knowledge, no such
studies have been conducted among adolescents. It is import-
ant to highlight that our measure of quit attempts refers to
‘ever’ having a quit attempt, and therefore it may not be
related to mental health. as some quit attempts may have
occurred well before current symptom reporting. More
research is needed to better understand cessation behaviors
and beliefs among adolescents to better understand these
tindings, including longitudinal studies that evaluate subse-
quent quit attempts.

This study has several strengths, including using large,
national data sets from three countries, with the data
weighted to draw population-level inferences. The measures
were the same for both cigarettes and e-cigarettes, facilitat-
ing comparisons around the strength of associations across
products. However, there are limitations to this study. First,
causation cannot be concluded from these cross-sectional
data, and future studies with longitudinal data will be
required to confirm directionality. Another limitation is that
the IMH measures have only been validated in adults at the
present. However, the prevalence rates of any symptoms of
depression and anxiety found by these measures are similar
to population-level prevalence rates found using other mea-
sures (Horn et al., 2004), suggesting that our measurements
are appropriate for the adolescent population. Furthermore,
our sensitivity analyses indicate consistent results between
the continuous and dichotomous version of the IMH
variable.

Another possible limitation of this study is the potential
effect of missingness of outcomes. While the missingness
(see Supplemental Table 5) was not strongly associated with
IMH symptoms, there was a tendency for more missingness
among adolescents who smoked cigarettes with IMH symp-
toms. Therefore, it is possible that the results underestimate
the effect of IMH symptoms, particularly on cigarette smok-
ing outcomes. This study did not specifically examine
changes over time; however, it should be noted that the
prevalence of cigarette use and e-cigarette use varied greatly
from February 2020-August 2023, likely because of the
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COVID-19 pandemic and policy changes (Hackworth et al.,
2025). Future research should continue to monitor how
prevalence of these products changes over time among
adolescents.

While some interpretations of our findings warrant fur-
ther research, our results suggest that IMH problems are
prevalent and comorbid with more frequent use and depen-
dence of nicotine products, particularly e-cigarettes, in ado-
lescents. Other studies show that smoking cessation
interventions for adolescents should include coping and
stress management skills, as well as mental health referral
protocols (Horn et al.,, 2013). Indeed, stress reduction tech-
niques that include physical activity have been found to
increase smoking cessation success rates among teenagers
(Horn et al, 2013) and may work for e-cigarette cessation,
as well. Similarly, nicotine use prevention campaigns target-
ing adolescents may wish to include testimonials from indi-
viduals with IMH problems who struggle with cessation, as
this type of campaign was shown to be effective (Prochaska
et al.,, 2019). Recent campaigns from public health organiza-
tions including the Truth Initiative have begun incorporating
concerns about mental health among adolescents who use
nicotine products (Mental Health & Nicotine Resources,
2024), and our results support this approach.

Disclosure statement

DH has provided expert witness testimony on behalf of governments
and public health authorities in legal challenges initiated by tobacco
and vaping companies. All other authors have no disclosures.

Funding

The ITC Youth Tobacco and Vaping Survey annual waves 1, 2, 3, 4, 6,
and 7 were supported by a P01 grant [P01CA200512] from the US
National Institutes of Health. Waves 3.5, 4.5 and 5 were funded by a
contribution from Health Canada’s Substance Use and Addictions
Program (SUAP).

ORCID
Emily E. Hackworth http://orcid.org/0000-0002-5078-5710
Minji Kim http://orcid.org/0000-0002-7715-6826

David Hammond http://orcid.org/0000-0001-8197-6010

Data availability statement

Deidentified study data may be made available on request to research-
ers who submit a proposal that is approved by the principal investiga-
tor. Proposals should be submitted to David Hammond (dhammond@
uwaterloo.ca).

References

Becker, T. D, Arnold, M. K,, Ro, V, Martin, L., & Rice, T. R. (2021).
Systematic review of electronic cigarette use (vaping) and mental health
comorbidity among adolescents and young adults. Nicotine ¢ Tobacco
Research: Official Journal of the Society for Research on Nicotine and
Tobacco, 23(3), 415-425. https://doi.org/10.1093/ntr/ntaal71

Bold, K. W, Kong, G., Cavallo, D. A., Camenga, D. R., & Krishnan-Sarin,
S. (2016). Reasons for trying E-cigarettes and risk of continued use.
Pediatrics, 138(3), €20160895. https://doi.org/10.1542/peds.2016-0895

Bosch, R., Pagerols, M., Prat, R., Espaiiol-Martin, G., Rivas, C., Dolz, M.,
Haro, J. M., Ramos-Quiroga, J. A., Ribasés, M., & Casas, M. (2022).
Changes in the mental health of children and adolescents during the
COVID-19 lockdown: Associated factors and life conditions.
International Journal of Environmental Research and Public Health,
19(7), 4120. https://doi.org/10.3390/ijerph19074120

CAMH. (2023). 20116 Nicotine Dependence. https://www.camh.ca/en/
health-info/mental-illness-and-addiction-index/nicotine-dependence

De France, K, Hancock, G. R, Stack, D. M., Serbin, L. A, &
Hollenstein, T. (2022). The mental health implications of COVID-19
for adolescents: Follow-up of a four-wave longitudinal study during
the pandemic. The American Psychologist, 77(1), 85-99. https://doi.
org/10.1037/amp0000838

DeHay, T., Morris, C., May, M. G., Devine, K., & Waxmonsky, J. (2012).
Tobacco use in youth with mental illnesses. Journal of Behavioral
Medicine, 35(2), 139-148. https://doi.org/10.1007/s10865-011-9336-6

Dunbar, M. S., Tucker, J. S., Ewing, B. A., Pedersen, E. R., Miles, J. N.
V., Shih, R. A., & DAmico, E. J. (2017). Frequency of E-cigarette
Use, Health Status, and Risk and Protective Health Behaviors in
Adolescents. Journal of Addiction Medicine, 11(1), 55-62. https://doi.
org/10.1097/ADM.0000000000000272

Fagan, P, Augustson, E., Backinger, C. L., O’Connell, M. E., Vollinger,
R. E, Kaufman, A., & Gibson, J. T. (2007). Quit Attempts and
Intention to Quit Cigarette Smoking Among Young Adults in the
United States. American Journal of Public Health, 97(8), 1412-1420.
https://doi.org/10.2105/AJPH.2006.103697

Fergusson, D. M., Lynskey, M. T., & Horwood, L. J. (1996). Comorbidity
Between Depressive Disorders and Nicotine Dependence in a Cohort
of 16-Year-Olds. Archives of General Psychiatry, 53(11), 1043-1047.
https://doi.org/10.1001/archpsyc.1996.01830110081010

Ferreira, V. R,, Jardim, T. V., Sousa, A. L. L., Rosa, B. M. C., & Jardim,
P. C. V. (2019). Smoking, alcohol consumption and mental health:
Data from the Brazilian study of Cardiovascular Risks in Adolescents
(ERICA). Addictive Behaviors Reports, 9, 100147. https://doi.
org/10.1016/j.abrep.2018.100147

FDA. (2023). Results from the Annual National Youth Tobacco Survey. FDA.
https://www.fda.gov/tobacco-products/youth-and-tobacco/results-annua
l-national-youth-tobacco-survey

Goodwin, R. D., Lewinsohn, P. M., & Seeley, J. R. (2005). Cigarette Smoking
and Panic Attacks Among Young Adults in the Community: The Role
of Parental Smoking and Anxiety Disorders. Biological Psychiatry, 58(9),
686-693. https://doi.org/10.1016/j.biopsych.2005.04.042

Gorukanti, A., Delucchi, K., Ling, P,, Fisher-Travis, R., & Halpern-Felsher,
B. (2017). Adolescents’ attitudes towards e-cigarette ingredients, safe-
ty, addictive properties, social norms, and regulation. Preventive
Medicine, 94, 65-71. https://doi.org/10.1016/j.ypmed.2016.10.019

Gotts, J. E., Jordt, S. E., McConnell, R., & Tarran, R. (2019). What are
the respiratory effects of e-cigarettes? BMJ (Clinical Research ed.),
366, 15275. https://doi.org/10.1136/bmj.15275

Grunau, G. L., Ratner, P. A., Hossain, S., & Johnson, J. L. (2010).
Depression and Anxiety as Possible Mediators of the Association
Between Smoking and Attention Deficit Hyperactivity Disorder.
International Journal of Mental Health and Addiction, 8(4), 595-607.
https://doi.org/10.1007/s11469-009-9244-y

Hackworth, E. E., Vidana-Pérez, D., O’'Neal, R, Kim, M., Fillo, J.,
Hammond, D., & Thrasher, J. E (2025). Trends in Mental Health
Symptoms, Nicotine Product Use, and Their Association Over Time
Among Adolescents in Canada, England, and the US: Findings From
the ITC Adolescents Tobacco and Vaping Survey, 2020-2023.
Nicotine & Tobacco Research: Official Journal of the Society for
Research on Nicotine and Tobacco, 27(7), 1256-1264. https://doi.
org/10.1093/ntr/ntaf015

Hammond, D., & Reid, J. L. (2023). Trends in vaping and nicotine
product use among youth in Canada, England and the USA be-
tween 2017 and 2022: Evidence to inform policy. Tobacco
Control, 34, 115-118. https://tobaccocontrol.bmj.com/content/
early/2023/11/08/tc-2023-058241


http://orcid.org/0000-0002-5078-5710
http://orcid.org/0000-0002-7715-6826
http://orcid.org/0000-0001-8197-6010
mailto:dhammond@uwaterloo.ca
mailto:dhammond@uwaterloo.ca
https://doi.org/10.1093/ntr/ntaa171
https://doi.org/10.1542/peds.2016-0895
https://doi.org/10.3390/ijerph19074120
https://www.camh.ca/en/health-info/mental-illness-and-addiction-index/nicotine-dependence
https://www.camh.ca/en/health-info/mental-illness-and-addiction-index/nicotine-dependence
https://doi.org/10.1037/amp0000838
https://doi.org/10.1037/amp0000838
https://doi.org/10.1007/s10865-011-9336-6
https://doi.org/10.1097/ADM.0000000000000272
https://doi.org/10.1097/ADM.0000000000000272
https://doi.org/10.2105/AJPH.2006.103697
https://doi.org/10.1001/archpsyc.1996.01830110081010
https://doi.org/10.1016/j.abrep.2018.100147
https://doi.org/10.1016/j.abrep.2018.100147
https://www.fda.gov/tobacco-products/youth-and-tobacco/results-annual-national-youth-tobacco-survey
https://www.fda.gov/tobacco-products/youth-and-tobacco/results-annual-national-youth-tobacco-survey
https://doi.org/10.1016/j.biopsych.2005.04.042
https://doi.org/10.1016/j.ypmed.2016.10.019
https://doi.org/10.1136/bmj.l5275
https://doi.org/10.1007/s11469-009-9244-y
https://doi.org/10.1093/ntr/ntaf015
https://doi.org/10.1093/ntr/ntaf015
https://tobaccocontrol.bmj.com/content/early/2023/11/08/tc-2023-058241
https://tobaccocontrol.bmj.com/content/early/2023/11/08/tc-2023-058241

Hammond, D., Reid, J. L., Rynard, V. L., O’Connor, R. J., Goniewicz,
M. L., Piper, M. E., & Bansal-Travers, M. (2021). Indicators of de-
pendence and efforts to quit vaping and smoking among youth in
Canada, England and the USA. Tobacco Control, 31(el), e25-e34.
https://doi.org/10.1136/tobaccocontrol-2020-056269

Horn, K., Branstetter, S., Zhang, J., Jarrett, T., Tompkins, N. O,
Anesetti-Rothermel, A., Olfert, M., Richards, T., & Dino, G. (2013).
Understanding Physical Activity Outcomes as a Function of Teen
Smoking Cessation. The Journal of Adolescent Health: Official
Publication of the Society for Adolescent Medicine, 53(1), 125-131.
https://doi.org/10.1016/j.jadohealth.2013.01.019

Horn, K., Dino, G., Kalsekar, 1., Massey, C. J., Manzo-Tennant, K., &
McGloin, T. (2004). Exploring the Relationship Between Mental
Health and Smoking Cessation: A Study of Rural Teens. Prevention
Science: The Official Journal of the Society for Prevention Research,
5(2), 113-126. https://doi.org/10.1023/b:Prev.0000023081.55878.3a

Houghton, S., Kyron, M., Hunter, S. C., Lawrence, D., Hattie, J., Carroll, A.,
& Zadow, C. (2022). Adolescents longitudinal trajectories of mental
health and loneliness: The impact of COVID-19 school closures. Journal
of Adolescence, 94(2), 191-205. https://doi.org/10.1002/jad.12017

Hummel, K., Candel, M. J. J. M., Nagelhout, G. E., Brown, J., van den
Putte, B., Kotz, D., Willemsen, M. C., Fong, G. T., West, R,, & de
Vries, H. (2018). Construct and Predictive Validity of Three Measures
of Intention to Quit Smoking: Findings From the International
Tobacco Control (ITC) Netherlands Survey. Nicotine & Tobacco
Research: Official Journal of the Society for Research on Nicotine and
Tobacco, 20(9), 1101-1108. https://doi.org/10.1093/ntr/ntx092

ITC Youth Tobacco and Vaping Survey. (2013). David Hammond PhD.
https://davidhammond.ca/projects/e-cigarettes/itc-youth-tobacco-ecig/

Johnson, J. G., Cohen, P, Pine, D. S., Klein, D. F, Kasen, S., & Brook,
J. S. (2000). Association Between Cigarette Smoking and Anxiety
Disorders During Adolescence and Early Adulthood. JAMA, 284(18),
2348-2351. https://doi.org/10.1001/jama.284.18.2348

Kubik, M. Y., Lytle, L. A., Birnbaum, A. S., Murray, D. M., & Perry, C.
L. (2003). Prevalence and Correlates of Depressive Symptoms in
Young Adolescents. American Journal of Health Behavior, 27(5), 546-
553. https://doi.org/10.5993/ajhb.27.5.6

Lam, T. H., Stewart, S. M., Ho, S. Y., Lai, M. K,, Mak, K. H., Chau, K. V,,
Rao, U, & Salili, E (2005). Depressive symptoms and smoking among
Hong Kong Chinese adolescents. Addiction (Abingdon, England), 100(7),
1003-1011. https://doi.org/10.1111/j.1360-0443.2005.01092.x

Layman, H. M., Thorisdottir, I. E., Halldorsdottir, T., Sigfusdottir, I. D.,
Allegrante, J. P,, & Kristjansson, A. L. (2022). Substance Use Among
Youth During the COVID-19 Pandemic: A Systematic Review.
Current Psychiatry Reports, 24(6), 307-324. https://doi.org/10.1007/
511920-022-01338-z

Lechner, W. V,, Janssen, T., Kahler, C. W., Audrain-McGovern, J., &
Leventhal, A. M. (2017). Bi-directional associations of electronic and
combustible cigarette use onset patterns with depressive symptoms
in adolescents. Preventive Medicine, 96, 73-78. https://doi.
0rg/10.1016/j.ypmed.2016.12.034

Leventhal, A. M., Strong, D. R., Sussman, S., Kirkpatrick, M. G., Unger,
J. B., Barrington-Trimis, ]J. L., & Audrain-McGovern, J. (2016).
Psychiatric comorbidity in adolescent electronic and conventional
cigarette use. Journal of Psychiatric Research, 73, 71-78. https://doi.
org/10.1016/j.jpsychires.2015.11.008

Lin, H., Chen, M., Yun, Q., Zhang, L., & Chang, C. (2021). Tobacco
dependence affects determinants related to quitting intention and
behaviour. Scientific Reports, 11(1), 20202. https://doi.org/10.1038/
$41598-021-99766-2

Meherali, S., Punjani, N., Louie-Poon, S., Abdul Rahim, K., Das, J. K,
Salam, R. A., & Lassi, Z. S. (2021). Mental Health of Children and
Adolescents Amidst COVID-19 and Past Pandemics: A Rapid
Systematic Review. International Journal of Environmental Research
and Public Health, 18(7), 3432. https://doi.org/10.3390/ijerph18073432

Mental Health and Nicotine Resources. (2024). Jan 12]. Available from:
Truth  Initiative.  [cited  https://truthinitiative.org/mental-health-
and-nicotine-resources

Miller, M., Borges, G., Orozco, R., Mukamal, K., Rimm, E. B., Benjet,
C., & Medina-Mora, M. E. (2011). Exposure to alcohol, drugs and

SUBSTANCE USE & MISUSE (&) 9

tobacco and the risk of subsequent suicidality: Findings from the
Mexican Adolescent Mental Health Survey. Drug and Alcohol
Dependence, 113(2-3), 110-117.

Parks, J., Svendsen, D., Singer, P, Foti, M. E,, & Mauer, B. (2006).
Morbidity and mortality in people with serious mental illness.
Alexandria, VA: National Association of State Mental Health Program
Directors (NASMHPD) Medical Directors Council, 25(4), 1-87.

Parrott, A. C. (1995). Stress modulation over the day in cigarette smok-
ers. Addiction, 90(2), 233-244.

Pompili, M., Serafini, G., Innamorati, M., Biondi, M., Siracusano, A., Di
Giannantonio, M., Giupponi, G., Amore, M., Lester, D., Girardi, P, &
Moller-Leimkiihler, A. M. (2012). Substance abuse and suicide risk
among adolescents. European Archives of Psychiatry and Clinical
Neuroscience, 262(6), 469-485. https://doi.org/10.1007/s00406-012-0292-0

Prochaska, J. J., Das, S., & Young-Wolff, K. C. (2017). Smoking, Mental
Illness, and Public Health. Annual Review of Public Health, 38(1),
165-185. https://doi.org/10.1146/annurev-publhealth-031816-044618

Prochaska, J. J., Gates, E. F, Davis, K. C., Gutierrez, K., Prutzman, Y., &
Rodes, R. (2019). The 2016 Tips From Former Smokers® Campaign:
Associations With Quit Intentions and Quit Attempts Among Smokers
With and Without Mental Health Conditions. Nicotine & Tobacco
Research: Official Journal of the Society for Research on Nicotine and
Tobacco, 21(5), 576-583. https://doi.org/10.1093/ntr/nty241

Ravens-Sieberer, U., Erhart, M., Devine, J., Gilbert, M., Reiss, F, Barkmann,
C,, Siegel, N. A, Simon, A. M., Hurrelmann, K., Schlack, R., Holling, H.,
Wieler, L. H., & Kaman, A. (2022). Child and Adolescent Mental Health
During the COVID-19 Pandemic: Results of the Three-Wave Longitudinal
COPSY Study. The Journal of Adolescent Health: Official Publication of
the Society for Adolescent Medicine, 71(5), 570-578. https://doi.
org/10.1016/j.jadohealth.2022.06.022

Scherphof, C. S., van den Eijnden, R. J. J. M., Harakeh, Z., Raaijmakers,
Q. A. W, Kleinjan, M., Engels, R. C. M. E., & Vollebergh, W. A. M.
(2013). Effects of Nicotine Dependence and Depressive Symptoms
on Smoking Cessation: A Longitudinal Study Among Adolescents.
Nicotine & Tobacco Research: Official Journal of the Society for
Research on Nicotine and Tobacco, 15(7), 1222-1229. https://doi.
0rg/10.1093/ntr/nts260

Smith, P. H., Mazure, C. M., & McKee, S. A. (2014). Smoking and
mental illness in the US population. Tobacco Control, 23(e2), el47-
53-e153. https://doi.org/10.1136/tobaccocontrol-2013-051466

Sonntag, H., Wittchen, H. U, Hofler, M., Kessler, R. C,, & Stein, M. B.
(2000). ed Are social fears and DSM-IV social anxiety disorder associat-
ed with smoking and nicotine dependence in adolescents and young
adults? European Psychiatry: The Journal of the Association of European
Psychiatrists, 15(1), 67-74. https://doi.org/10.1016/s0924-9338(00)00209-1

Sreeramareddy, C. T., Acharya, K., & Manoharan, A. (2022). Electronic
cigarettes use and ‘dual use€ among the youth in 75 countries:
Estimates from Global Youth Tobacco Surveys (2014-2019). Scientific
Reports, 12(1), 20967.

Taylor, G. M., Lindson, N., Farley, A., Leinberger-Jabari, A., Sawyer, K.,
Te Water Naudé, R., Theodoulou, A., King, N., Burke, C., & Aveyard,
P. (2021). [cited 2023 Oct 10] Smoking cessation for improving
mental health. The Cochrane Database of Systematic Reviews, 3(3),
CDO013522. Available from: https://www.cochranelibrary.com/cdsr/
do0i/10.1002/14651858.CD013522.pub2/full  https://doi.org/10.1002/
14651858.CD013522.pub2

Taylor, G., McNeill, A., Girling, A., Farley, A., Lindson-Hawley, N., &
Aveyard, P. (2014). Change in mental health after smoking cessation:
Systematic review and meta-analysis. BMJ (Clinical Research ed.),
348(feb13 1), gl151-gl151. https://doi.org/10.1136/bmj.g1151

Tobore, T. O. (2019). On the potential harmful effects of E-Cigarettes
(EC) on the developing brain: The relationship between
vaping-induced oxidative stress and adolescent/young adults social
maladjustment. Journal of Adolescence, 76(1), 202-209. https://doi.
org/10.1016/j.adolescence.2019.09.004

United States Department Of Health And Human Services. National
Institutes Of Health. National Institute On Drug Abuse. (2016).
Population Assessment of Tobacco and Health (PATH) Series. ICPSR
- Interuniversity Consortium for Political and Social Research.
http://www.icpsr.umich.edu/icpsrweb/NAHDAP/series/606


https://doi.org/10.1136/tobaccocontrol-2020-056269
https://doi.org/10.1016/j.jadohealth.2013.01.019
https://doi.org/10.1023/b:Prev.0000023081.55878.3a
https://doi.org/10.1002/jad.12017
https://doi.org/10.1093/ntr/ntx092
https://davidhammond.ca/projects/e-cigarettes/itc-youth-tobacco-ecig/
https://doi.org/10.1001/jama.284.18.2348
https://doi.org/10.5993/ajhb.27.5.6
https://doi.org/10.1111/j.1360-0443.2005.01092.x
https://doi.org/10.1007/s11920-022-01338-z
https://doi.org/10.1007/s11920-022-01338-z
https://doi.org/10.1016/j.ypmed.2016.12.034
https://doi.org/10.1016/j.ypmed.2016.12.034
https://doi.org/10.1016/j.jpsychires.2015.11.008
https://doi.org/10.1016/j.jpsychires.2015.11.008
https://doi.org/10.1038/s41598-021-99766-z
https://doi.org/10.1038/s41598-021-99766-z
https://doi.org/10.3390/ijerph18073432
https://truthinitiative.org/mental-health-and-nicotine-resources
https://truthinitiative.org/mental-health-and-nicotine-resources
https://doi.org/10.1007/s00406-012-0292-0
https://doi.org/10.1146/annurev-publhealth-031816-044618
https://doi.org/10.1093/ntr/nty241
https://doi.org/10.1016/j.jadohealth.2022.06.022
https://doi.org/10.1016/j.jadohealth.2022.06.022
https://doi.org/10.1093/ntr/nts260
https://doi.org/10.1093/ntr/nts260
https://doi.org/10.1136/tobaccocontrol-2013-051466
https://doi.org/10.1016/s0924-9338(00)00209-1
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013522.pub2/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013522.pub2/full
https://doi.org/10.1002/14651858.CD013522.pub2
https://doi.org/10.1002/14651858.CD013522.pub2
https://doi.org/10.1136/bmj.g1151
https://doi.org/10.1016/j.adolescence.2019.09.004
https://doi.org/10.1016/j.adolescence.2019.09.004
http://www.icpsr.umich.edu/icpsrweb/NAHDAP/series/606

10 (&) E.E.HACKWORTHETAL.

Wills, T. A., Knight, R., Williams, R. J., Pagano, I, & Sargent, J. D.
(2015). Risk Factors for Exclusive E-Cigarette Use and Dual
E-Cigarette Use and Tobacco Use in Adolescents. Pediatrics, 135(1),
e43-51-e51. https://doi.org/10.1542/peds.2014-0760

Yimsaard, P, Gravely, S., Meng, G., Fong, G. T, Cummings, K. M,
Hyland, A, et al. (2023). Differences in Smoking Cessation Behaviors
and Vaping Status among Adult Daily Smokers with and Without
Depression, Anxiety, and Alcohol Use: Findings from the 2018 and
2020 International Tobacco Control Four Country Smoking and

Vaping (ITC 4CV) Surveys. Int | Ment Health Addiction, 22, 3433-
3450. https://doi.org/10.1007/s11469-023-01058-2

Young, Q. R., Nguyen, M., Roth, S., Broadberry, A., & Mackay, M. H.
(2015). Single-item measures for depression and anxiety: Validation
of the Screening Tool for Psychological Distress in an inpatient car-
diology setting. European Journal of Cardiovascular Nursing, 14(6),
544-551. https://doi.org/10.1177/1474515114548649

YRBSS | Youth Risk Behavior Surveillance System | Data | Adolescent and
School Health | CDC. https://www.cdc.gov/healthyyouth/data/yrbs/index.htm


https://doi.org/10.1542/peds.2014-0760
https://doi.org/10.1007/s11469-023-01058-2
https://doi.org/10.1177/1474515114548649
https://www.cdc.gov/healthyyouth/data/yrbs/index.htm

	The Association Between Adolescent Mental Health Symptoms and Characteristics of Cigarette and E-Cigarette Use
	ABSTRACT
	Introduction
	Methods
	Data source
	Measures
	Dependent variables: nicotine dependence indicators
	Dependent variables: cessation variables
	Mental health symptoms
	Covariates

	Analyses

	Results
	Sample characteristics
	Nicotine dependence indicators
	Cessation variables
	Interaction of IMH symptoms and dual use

	Discussion
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


