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ABSTRACT

Objective: To investigate reciprocal temporal relationships between tobacco consumption
and psychological disorders for youth.

Design: Review

Data sources: Five databases (PubMed, Embase, Scopus, CINAHL, PsycINFO) on

26t September 2019 and updated on 11t May 2021, indexing tobacco, mental illness, and
longitudinal.

Study selection: Methods used consensus and multiple reviewers.

Interventions: Cohort studies (n=49) examining tobacco and selected psychological
disorders (depression, anxiety, bipolar, psychosis, borderline personality disorder) among
youth, and systematic reviews (n=4) of these relationships met inclusion criteria.

Primary and secondary outcome measures: Effect of tobacco on psychological disorders
and effect of psychological disorders on tobacco.

Data extraction and synthesis: Independent extraction by the first author and checked by
final author. Joanna Briggs Institute Critical Appraisal Tools were used for all studies.
Included studies had moderate-to-high appraisal scores. We synthesized findings using vote
counting for effect direction and descriptive data.

Results: Fifty-three studies were included in the review. Thirteen of 15 studies showed a
positive effect of tobacco on depression (p <.001). Six of 12 studies showed a positive effect
of depression on tobacco (p =.016). Six of eight studies showed a positive effect of tobacco
on anxiety (p =.016). Eleven of 18 studies showed a positive effect of anxiety on tobacco (p
=.003). No effect between tobacco and bipolar, or tobacco and psychosis was found. No
studies examined tobacco and borderline personality disorder.

Conclusions: Reciprocal relationships existed between tobacco and both depression and

anxiety for youth, though causality is unconfirmed. No positive effect was found between
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tobacco and psychosis, perhaps because nicotine has conflicting effects on psychosis. For
other relationships examined, evidence was weak because of low numbers of studies. More

research to inform prevention and early intervention is needed.

PROSPERO Registration Number: CRD42020150457.

ARTICLE SUMMARY

Strengths and limitations of this study

This review has synthesised, in depth, 53 studies for evidence of the reciprocal
temporal relationships between tobacco consumption and psychological disorders for

youth.

e The review has performed an analysis of the quality of the studies and identified

knowledge gaps and methodological concerns that require further research.

e The included studies were very heterogeneous, preventing meta-analysis of the
results.

o Psychological disorders were classified into broad categories; however, it is possible
that young people’s experiences of these disorders differ in how they relate to tobacco

use.
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INTRODUCTION

Tobacco consumption is associated with a myriad of economic, social, and health problems
for young people [1]. One of the health problems associated with tobacco consumption is
psychological disorders, and their co-occurrence can dramatically worsen the overall clinical
course, physical health and psychosocial outcomes for the person [2-4]. Tobacco contributes
substantially to the reduced life expectancy observed among people who experience mental
health disorders. Furthermore, people living with mental illness have shorter life expectancy
than those without, and this is largely attributable to smoking-related illnesses [5, 6]. Youth
(10-24 years of age) with psychological disorders are overrepresented among those who
consume tobacco [7]. However, it is unclear if the relationship between tobacco and
psychological disorders is causal or merely associational. If the relationship is indeed causal,
the direction of this relationship is poorly understood [8]. Furthermore, it is unclear whether
the ‘tobacco-psychopathology’ relationship is different depending on the specific type of
psychological disorder experienced by the young person (e.g., perhaps tobacco use causes

depression but not anxiety).

Several reviews have attempted to evaluate the relationship between tobacco and
psychopathology [9-12], but these have several limitations including: 1) a lack of focus on
youth; 2) the sample is mostly or entirely from North America, 3) only a small number of
psychological disorders are examined; and 4) the existing studies and reviews are now quite
dated. Given these limitations, we sought to produce an updated review that focuses
specifically on youth and samples from a broader international population. Furthermore, we
included more psychological disorders to facilitate comparison: anxiety, depression, bipolar
disorder, psychosis, and borderline personality disorder. We chose these psychological

disorder categories because they affect a substantial percentage of youth [13]. The broad
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objective of our review was to examine the reciprocal temporal relationship between tobacco

consumption and the selected psychological disorders for youth.

METHODS
Eligibility criteria
The inclusion criteria were studies with: 1) a focus on adolescents and youth 10-24 years of
age; 2) systematic review of observational longitudinal studies OR observational longitudinal
studies conducted since most recent systematic review OR all longitudinal studies if there is
no relevant systematic review for the specific disorder; 3) measured tobacco consumption in
any form (e.g., smoking, smokeless, snus), 4) measured psychological disorder categories of
at least one of anxiety, depression, bipolar, psychosis, or borderline personality disorder; 5)
English language; and 6) published in a peer-reviewed journal. Under the anxiety category,
we included various types including social anxiety, panic, agoraphobia, and generalised
anxiety. Under the bipolar category we included mania as this symptom is mostly associated
with bipolar. Under the psychosis category we included schizophrenia and general psychotic
symptoms. We included ‘nicotine dependence’ as a measure of tobacco consumption because
these constructs are strongly related [14, 15]. Studies were excluded if the methods used
meant that tobacco consumption could not be distinguished from other drug use (e.g.,
cannabis) and if the population was very specific (e.g., pregnant women). Our search strategy
was based on advice from an expert University-based librarian and was also informed by
previous systematic reviews identified during the early formulation of the current study

[10,11].

Search strategy and study selection
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The original search was conducted by KM using PubMed, Embase, Scopus, CINAHL and
PsycINFO on 26™ September 2019 and updated by LM on 11t May 2021. Initial searches
were very broad and focused on keyword categories of tobacco and psychological disorders
(for more information see supplementary materials). The screening and review process were
managed within COVIDENCE software. After the initial search and de-duplication, JS and
SL shared the initial screening and full-text reviews. JS and SL then discussed any conflicts
in order to reach consensus about inclusion or exclusion. Where consensus could not be
reached or the decision remained uncertain, final eligibility was resolved by CM.

For the updated search SL and JS each screened all new titles/abstracts with CM resolving
conflicts, then SL did all full-text reviews, with JS checking 20% of excluded studies —
agreement was 100%.

[Figure 1: PRISMA flow diagram]

Quality assessment, data extraction and data synthesis

To assess the quality of the included studies, we used the Joanna Briggs Institute (JBI)
Critical Appraisal Tools for cohort studies and systematic reviews [16]. JS appraised all
studies while SL appraised a random sample of 20%. Data extraction was conducted by JS
and checked by SL in order to produce three tables: 1) Table 1 for descriptive information
about the cohort studies, 2) Table 2 for vote counting of the direction of effects for cohort
studies, and 3) Table 3 for descriptive information about the systematic reviews. For the
‘results’ column of Table 1, we extracted the most adjusted results in order to reduce the risk
of confounding.[17] We did vote counting for effect direction (Table 2; counting the number
of studies with positive vs negative effect direction) based on recent recommendations by
Cochrane on conducting synthesis without meta-analysis [18]. To use this approach, we

combined similar predictors (e.g., nicotine dependence, cigarette smoking, and other tobacco
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use combined into ‘tobacco’) and outcomes (e.g., social anxiety, panic, and agoraphobia
combined into ‘anxiety’) and classified effect direction as one of the following: 1) a
positive/negative effect if at least 70% of findings showed consistency in this direction, 2) a
conflicting effect if consistency was less than 70%, or 3) an ‘unclear’ effect if direction was
not reported (for a similar method, see Thompson et al. [19]). For data synthesis, we
evaluated each relationship individually (e.g., tobacco>depression; depression>tobacco;
tobacco>anxiety etc; where the >’ symbol refers to the direction of the relationship). In this
synthesis, we attempted to integrate all information from both the cohort and review studies

(e.g., descriptive information and vote counting).

RESULTS
Publication dates of included studies
We found four systematic reviews for depression and tobacco in youth [9-11,20]. The most
recent of these reviews [20] included studies up to November 15t 2018. So, in order to be
comprehensive, we also collected depression cohort studies from 2018 onwards. We found
two systematic reviews for anxiety and tobacco in youth; but, given the low sample size of
anxiety studies in these reviews [11,20], we included anxiety cohort studies from any period.
We did not find any systematic reviews for bipolar, psychosis, or borderline personality and
tobacco in youth, so no publication date inclusion constraints were applied to studies

involving youth who experience these disorder categories.

Quality appraisal
As per the PRISMA flow diagram (Figure 1) [21], our search identified 49 cohort studies and
four systematic reviews, giving a total of 53 included studies. For the quality appraisal of

included studies, we converted scores on the JBI into percentages in order to facilitate
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interpretation. Higher percentage scores indicated higher quality studies, while a score < 50%
reflects low quality. For the cohort studies, there was a relatively low level of agreement
between the authors (66.2%), whereas the systematic reviews had comparatively high
agreement (84.1%). The main issues contributing to disagreement were different
interpretations of the JBI criteria, particularly for cohort questions one, four, five, and six, as

well as systematic review question four. These differences were resolved through discussion.

Overall, the included studies had moderate-to-high appraisal scores. The quality appraisal of
included cohort studies (n = 49) is displayed in Table 1 and in more detail in Supplementary
Table S1. Five of the cohort studies were classified as low quality, with the lowest score
being 36.4% [22, 23]. The remaining appraisal scores ranged from 45.5% to 81.8%, with four
studies scoring above 75% (i.e., high quality). In terms of common strengths, all studies
utilized a sufficient follow-up time (Q8) and appeared to use appropriate statistical analysis
(Q11). More than 89% of studies measured the exposures and outcomes in a valid and
reliable way (Q3 and Q7). Most studies addressed confounders appropriately (Q4 and Q5). In
terms of common weaknesses, only 14.3% of studies had samples that were free of the
outcome at first assessment (e.g., below cut-off on a depression scale; Q6). Only a small
minority of studies divided the sample into groups based on tobacco or psychological
symptoms in order to make baseline comparisons, and thus the studies scored very low on Q1
and Q2. Few studies (44.9%) clearly explained strategies to address incomplete follow-up

(Q10). These limitations should be considered when interpreting the review findings.

The quality appraisal of included review studies (n = 4) is displayed in Table 3 and

Supplementary Table S2. Three reviews were appraised as high quality with percentage

scores above 80%. In terms of strengths, all reviews met eight of the eleven criteria,
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including: stating the review question clearly and explicitly (Q1), selecting appropriate
inclusion criteria (Q2), utilizing a comprehensive search strategy (Q3 and Q4), using
appropriate criteria to appraise studies (Q5), using appropriate methods to combine studies
(Q8), and making evidence-based recommendations for policy/practice (Q10) as well as
future research directions (Q11). In terms of weaknesses, no reviews clearly stated that
critical appraisal was conducted by at least two reviewers independently (Q6), and only one

review clearly outlined methods to minimize errors in data extraction (Q7) [9].
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Table 1 — Descriptive information about cohort studies (n = 49) £ %
a
S o
Structure - u—i i
Authors Baseline age, S Quality
(year) - Target cohort years, Psychological Relationship/s S & Score
country population (n) #waves Tobacco measure  measure/s examined Result oCovariates % Limitations
Stratified For heavy smokers, adolescent o @ N
sample of onset of smoking predicted later Educat;@n_gg&mder smoking Adolescent onset of
participants bipolar compared to never paren (gn ct problems; smoking retrospective;
Ajdacic- with smokers (OR =7.1, CI =1.9- schoépﬁo ms; family temporal sequencing
Gross etal.  psychological 21 years of age; Smoking onset 25.9); but for other smokers this pronnR gxtraversmn unclear; high attrition;
[24] (2009) -  disorders (N = 20-year follow- (adolescent vs relationship was non-significant neur0t1c13m(ﬁﬁ§cuhn1ty, regular small bipolar sub-
Switzerland 591) up; 6-waves adult vs never) SPIKE Tobacco>bipolar (OR=0.9,CI=0.3-2.7) '-t agro use 63.6 group; Cls unavailable
Adolescent smoking predicted  Gender; gS%S; earlier levels
membership in persistent high of sm &d depression;
12-18 years of depression trajectory group  physical HaJthhealth-promoting
Ames et al. age; 10-year Smoking status versus low stable group (Est. = behav®ut8avy drinking;
[25] (2018) -  Youth (n= follow-up; 6- (smoker vs non- 1.18, SE=0.55,P < .05, OR = marijuan@upﬂ;gumber of sexual
Canada 662) waves smoker) BCFPI Tobacco>depression 3.26, CIs unavailable) s; BMI 72.7 CIs unavailable
21.9(SD=3.6) Q- 3
Berk et al. Youth with  years of age; 7.5-  Smoking status Baseline smoking did not Gender; problea illicit drug use;
[26] (2010) -  schizophrenia  year follow-up;  (smoker vs non- predict future psychosis (B=  problem alcoh@ use; duration of Change in smoking
Australia (n=193) 3-waves smoker) BPRS-PS Tobacco>psychosis 0.20, p=.871) unﬁ@ate_gpsychosis 72.7  status not assessed
Depression (OR = 1.05, CI = > Z
1.02-1.09) and anxiety (OR = Q 3
1.02, CI = 1.00-1.04) predicted ) ;
cigarette quantity; depression g_ )
(OR = 105, CI = 1.02-1.09) o 3
and anxiety (OR = 1.03, CI = 3 g
1.00-1.06) predicted cigarillo 5 o
quantity; but depression and = g Anxiety only measured
20.5 (SD=1.93) Prior 30-day anxiety did not predict 2 o at W5; only W6
Bierhoff et University years of age; 2-  tobacco quantity smokeless tobacco use, e- Age; gender; sexual orientation; smoking included in
al. [27] students (n=  year follow-up; (cigarettes, PHQ-9; Depression>tobacco;  cigarette use, or hookah use ethnicitg; parental education; analyses; temporal
(2019) - USA 2397) 6-waves cigarillos) ZSRAS anxiety>tobacco (ORs ranged from 0.95-1.06) school tyg: ADHD; 36.4 ordering unclear
Early tobacco use predicted <‘D
future mood disorder (RR = o 9.-{
1.42, CIs = 1.02-1.98); other Eg
results with tobacco use were D
non-significant but data not g
shown; nicotine dependence @
Tobacco use (never predicted future mood disorder  Alcohol use; Ehg use; gender;
12-17 years of  vs use before age Tobacco>depression,  (RR =3.30, CI =1.66-6.55); age; living witlEparents; enrolled
Borges et al. age; 8-year 15 vs use at age 15 tobacco>anxiety; mood disorder did not predict in school; pa@nts‘ education; Individual disorders not
[28] (2018) - Youth (n= follow-up; 2-  or older); nicotine depression>tobacco; future nicotine dependence (RR parents' incqjie; number of examined as outcomes;
Mexico 1071) waves dependence WMH-CIDI anxiety>tobacco =1.50, CI* = 0.55-3.90); childhoogadversities 72.7 only 2-waves
=
c
)
o
)
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Buchy et al.
[29] (2014) -
USA and
Canada

Buchy et al.
[30] (2015) -
USA and
Canada

Bulhdes et al.

[31] (2020) -
Portugal

Chen et al.
[32] (2017) -
USA

Crane et al.
[33] (2021) -
USA

Davies et al.
[34] (2018) -
UK

Ferdinand et
al. [35]

Youth at high

clinical risk of

psychosis (n =
170)

Youth at
clinical high
risk of
psychosis (N =
735) and
healthy controls

(N=278)

Youth (n=
2010)

Youth with
early-onset
schizophrenia
(n=117)

Youth (n=
1263)

Youth (n=
6796)
Children and
youth (n=
2600)

19.8 (SD =4.5)

years of age; 4-

year follow-up;
2-waves

18.5(SD=4.2)
years of age for
clinical high risk;
19.6 (4.7) years
of age for
controls; 2-year
follow-up; 3-
waves

13-years of age;
8-year follow-
up; 3-waves

13.9 (SD=2.34)

years of age; 3-

year follow-up;
7-waves

15.6 (SD = 0.6)

years of age; 7-

year follow-up;
7-waves

12 years of age;
8-year follow-
up; 4-waves

4-16 years of
age; 14-year

Tobacco use
(abstinent vs any
use Vs severe
dependence) SIPS

Tobacco use
(abstinent vs use

without
impairment vs
abuse vs
dependence) SIPS; SOPS
Smoking status
(never vs former vs
current) BDI-II
Prior 6-month
cigarette use (yes RADS;
or no) RCMAS
Cigarette
frequency (#days
used in past
month) CESD-20
Smoking
frequency
(regularly [at least SMFQ;
weekly] vs not) PLIKSi
Tobacco use (yes CBCL; YSR;
or no) YASR

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

anxiety did not predict future
nicotine dependence (RR =
1.78, CI* = 0.95-3.60); data
unavailable for nicotine
dependence predicting anxiety

Tobacco use did not predict
transition to psychosis (U =

Tobacco>psychosis 1752.5,p=.13)

Smoking severity (U =
11495.5, p = .24) and frequency
(U=11638.0, p=.35) did not

Tobacco>psychosis  predict transition to psychosis

Current smoking (vs never)
predicted moderate (OR = 1.61,
CI =1.22-2.13) and high (OR =

1.89, CI=1.18-3.01)
depression trajectory groups (vs
low). Former smoking (vs
never) did not predict moderate
(OR = 1.15, CI = 0.87-1.52) or
high (OR = 1.08, CI = 0.65-
1.78) depression trajectory
groups (vs low)

Both depression (B =-13.70,
SE =5.03, p <.01) and anxiety
(B=-14.41, SE=5.90, p <.05)

interacted with time to predict

smoking

Tobacco>depression

Tobacco>depression;
tobacco>anxiety
Depression and time did not
interact to predict future
cigarette frequency (Est. = 0.00,

Depression>tobacco SE =0.00, p =.35)
Psychosis (OR =1.11, CI =
0.79-1.56) and depression (OR
=1.23,CI=0.78-1.95) at age
Psychosis>tobacco; 12 did not predict smoking at

depression>tobacco age 18

Auditory hallucinations at W2-
S predicted tobacco use at W6

Psychosis>tobacco (ORs ranging from 2.0-3.3);
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10

Small sub-group sample
sizes; smoking only
measured at W1; only
63.6 2-waves

Small sub-group sample
sizes; all participants
were help-seekers
which may limit
54.5 external validity

Minimal covariates;
temporal ordering
54.5 unclear

Small sample size; high
455 attrition

72.7  Minimal covariates

Smoking only measured
72.7  at W3; high attrition

Tobacco use not
54.5 measured at W1
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(2004) -
Netherlands

follow-up; 6-
waves

University
students 16-25 years of
Fonseca et al. without age; 3-year
[36] (2021) - depression (n=  follow-up; 4-
Brazil 1034) waves
Youth without
psychotic
Gageetal.  experiences at 16 years of age;
[37] (2014)-  age 16 (n= 2-year follow-
UK 1573) up; 2-waves
13-18 years of
Gardvik et al. age; 3-year
[38] (2020) - Youth (n= follow-up; 2-
Norway 717) waves
Goodwin et
al. [39] 18-years of age;
(2004) - New  Youth (n= 2-year follow-
Zealand 1000) up; 2-waves
Goodwin et 14-24 years of
al. [40] age; 10-year
(2013) - Youth (n= follow-up; 4-
Germany 3021) waves

Smoking status
(yes if smoked at
least 1 cigarette in
previous 30-days)

Cigarette quantity
(non-smoker vs
experimenter vs

weekly smoker vs

daily smoker)

Smoking status
(yes or no)

Nicotine
dependence
(survey
constructed based
on DSM-IV
criteria)

Nicotine use (yes

or no) and smoking

trajectory (non-
user vs increasing
use vs decreasing
use vs persistent
use; MCIDI/DIA-
X)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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visual hallucinations were non-

psychotic symptoms at W2 (OR

significant predictors (results
not shown)

Smoking did not predict
depression for males
(unadjusted IRR = 1.04, CI =
0.61-1.76) or females
(unadjusted IRR = 1.49, CI =
0.97-2.27)

W1 cigarette use predicted

=1.77, CI=1.18-2.66)

Smoking did not predict mood

3.0-2.6) but did predict anxiety

specific phobia were associated

PHQ-9 Tobacco>depression
PLIKSi Tobacco>psychosis
K-SADS; Tobacco>depression;
DAWBA tobacco>anxiety
WMH-CIDI Anxiety>tobacco
Bipolar>tobacco;
depression>tobacco;
MCIDI/DIA-X anxiety>tobacco

disorders (RD% =-0.5, CI1 = -

disorders (RD% = 4.5, CI =
2.0-9.2)

Anxiety disorders were not
associated with nicotine
dependence (OR = 1.46, CI =
0.93-2.29)

Any depressive disorder, any
fear disorder, GAD, and

with nicotine use (ORs ranged
from 1.1-5.7); any depressive
disorder predicted subsequent
decreasing smoking trajectory

(OR = 1.7, CI = 1.1-2.8); panic

disorder negatively predicted

asn 10} Buipnjoul ‘1ybiAdoo Aq |
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Age; SESﬁiﬁ@ situation; stress;
alcohol ug;sfdontary behaviour;
physical %@1@, sleep duration
Psychotf %mience at 18 by
categoricﬁ fgogency of cigarette
use at gByAamily history of
depressi&ﬁ;%lgher's education;
borderlin® p@rsonality; 1Q at age
8; deprem’aﬁ'e&age 12; conduct
disorder; ge§ problems; bullied;

cannabga%?élicit drug use;
1 use
BaI'I'l

S0g
= )
Q- = .
Chromic pig any somatic
disorder,:.%lc | use; drug use;
— Q
= age5SES
Q"o .
ParentaErhange; interparental
violence':éemgabuse; physical
abuse; parental history of
criminakgy, agohol problems,
illfit dizgg use and
depres fon/a iety; low self-
esteem; meuroticism; quality of
parent&® attagament; family
stress;eparlyshyness; early
conduct pfoble&s; early attention
probisms; kgender; prior
subs@ncedependence;
) ]
concur@nt m@or depression;
afﬁliati@ wigT deviant peers

Bolqig souaby J

-y
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11

Temporal ordering
unclear; no overall
statistics combining

54.5 genders

Tobacco use not
measured at W2;
psychosis not measured

72.7 at W1; only 2-waves

Only 2-waves; temporal

72.7 ordering unclear

Only 2-waves; temporal
ordering unclear;
specific anxiety

72.7 disorders not specified

Difficult to interpret
results (e.g., depression
predicted binary
nicotine use but also
predicted decreasing

54.5 trajectory).
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15.7 (SD = 1.4)

Griesler et al. years of age; 2-

[41](2008)-  Youth (n= year follow-up;
USA 1039) 5-waves

Stratified 15.7 (SD=1.4)

Griesler et al. sample of years of age; 2-

[42](2011) - smoking youth year follow-up;
USA (n=2814) 5-waves

Nicotine
dependence
(CIDI); lifetime
cigarettes smoked
(0; 1; 2-5; 6-15;
16-25; 26-99;
100+); other
lifetime tobacco
use

Nicotine
dependence (zero
dependence
criterion vs one
dependence
criterion vs three
criteria; CIDI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Anxiety>tobacco;
tobacco>anxiety;
depression>tobacco;
DISC tobacco>depression
DISC Tobacco>depression;

increasing smoking trajectory
(OR =0.1; CI =0.0-0.9); all
other results non-significant
(ORs ranged from 0.7-2.2)

Anxiety (OR = 1.0, CI = 0.3-
3.4) and mood (OR = 1.7, CI =
0.8-3.7) disorder did not predict

nicotine dependence; nicotine

dependence did not predict
anxiety (OR = 0.8, CI =0.3-
2.0) and mood (OR =2.4, CI =
0.5-10.7) disorder; lifetime
cigarettes smoked did not
predict anxiety (OR = 1.0, CI =
0.9-1.0) and mood (OR = 1.0,
CI =0.9-1.0) disorder; other
lifetime tobacco use did not
predict anxiety (OR = 0.4, CI =

0.2-1.0) and mood (OR = 0.6,

CI=0.1-2.7) disorder

No specific psychological
disorders predicted one
dependence criterion (statistics
now shown) and only panic
disorder predicted full (i.e.,
three) dependence criteria (HR
=2.2, CI =1.2-3.9); nicotine
dependence did not predict any
specific psychological disorders
(statistics not shown); anxiety
disorder did not predict first
nicotine dependence criterion
(HR = 1.10, CI = 0.78-1.55),
but did predict full nicotine
dependence (HR = 1.68, CI1 =
1.12-2.52); mood disorder did
not predict first nicotine
dependence criterion (HR =
1.16, CI = 0.86-1.55) or full
nicotine dependence (HR =
0.93, CI =0.63-1.38); one
dependence criterion did not
predict anxiety (HR = 1.12, CI
=0.52-2.39) or mood (HR =
1.10, CI = 0.54-2.26) disorder;
full dependence criteria did not
predict anxiety (HR = 0.76, CI

pale|al sasn ioj Buipnjoul ‘1ybiAdoo Aq |
"220Z dunr €T U0 66550-T202-uadolwoe

waubiasug
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Age; gen(grgetﬁhicity; disruptive

disorder; &0 seeking; age of
onseboicsngking; initial
sensitivitytdprd¥acco; number of
lifetime %zﬁ-’et&s smoked; other
lifetime ¢plm@ccq use; drug use;
peer smcﬂ?.in_.g‘;;aibling smoking;
pareﬁi adng; parent
depressié; rent delinquency;
any % ﬁtric disorder

=~

salfojouydal Jejiwis pue ‘Buiuren |y ‘BURU
BV 12 GZ0z ‘TT a2unr uo jwoo fwg uadolwgy,

Gender; ethnici%/; age of onset of
tobacco use; infial sensitivity to
tobacco; alcohgdand other illicit
drug use; pagent education;
parent sm@king; parent
depression; pdgnt delinquency;
ever tobacfp dependent
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12

Individual disorders not
examined as
predictors/outcomes;
short follow-up period;
variables not measured
72.7 at all waves

Individual disorders not
examined as
predictors/outcomes;
short follow-up period;
variables not measured
72.7 at all waves
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Hu et al. [43]
(2012) - USA

Hui et al.
[44] (2013) -
China

Isensee et al.
[45] (2003) -
Germany

Johnson et al.
[46] (2000) -
USA

Jones et al.
[47] (2018) -
UK

Kalan et al.
[48] (2020) -
Lebanon

Stratified
sample of
lifetime youth
smokers (n =
877)

Youth with
psychosis (n =
1400)

Youth (n=
3021)

Youth (n=
688)

Youth (n=
3328)

Youth

waterpipe (N =

228) and
cigarette
smokers (N =
139)

14.1 (SD=1.4)

years of age; 7-

year follow-up;
6-waves

21.2(SD=3.4)

years of age; 3-

year follow-up;
3-waves

14-24 years of

age; 3.5-year

follow-up; 3-
waves

~16 years of age;
6-year follow-
up; 2-waves

13.9(SD=2.7)

years of age; 5-

year follow-up;
6-waves

143(SD=1.2)

years of age; 6-

year follow-up;
8-waves

Nicotine
dependence (no
dependence criteria
vs early
onset/chronic
course vs early
onset/remission vs
late onset)

Smoking status
(non-smoker vs
current smoker vs
ex-smoker)

Smoking quantity
(never vs
occasional vs non-
dependent regular
vs dependent
regular)

Smoking quantity
(less than 1-pack
per day vs more
than 1-pack per
day)

Cigarette use (yes
or no)

Nicotine
dependence initial
symptoms;
nicotine
dependence full
diagnosis
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DISC Anxiety>tobacco
CGI-S Tobacco>psychosis
Tobacco>anxiety;
MCIDI/DIA-X anxiety>tobacco

Tobacco>anxiety;

DISC anxiety>tobacco
Psychosis>tobacco;
PLIKSi tobacco>psychosis
DSS

=10.23-2.49) or mood (HR =
1.82, CI =0.67-4.96) disorder

Anxiety disorder predicted
chronic course, early remission,
and late onset nicotine
dependence (compared with
none, ORs ranged from 3.65-
4.55); anxiety disorder did not
predict chronic course vs early
remission, chronic course vs
late onset, or early remission vs
late onset (ORs ranged from
1.04-1.09)

Smoking predicted relapse of
psychosis (HR = 1.42, CI =
1.15-1.76)

Smoking predicted future
agoraphobia, SAD, specific
phobia, panic attacks without
disorder, and unspecified
phobia (ORs ranged from 2.4-
3.7), but did not predict panic
disorder (ORs ranged from 0.1-
3.6); no psychological disorders
or symptoms predicted smoking
(ORs ranged from 0.3-2.6)

Smoking predicted future
agoraphobia, GAD, and panic
disorder (ORs ranged from
5.53-15.58) but not SAD (OR =
0.44, CI = 0.04-4.62); anxiety
disorders did not predict future
smoking (statistics unavailable)

Cigarette use did not predict
subsequent psychosis (ORs
ranged from 0.73-1.78);
psychosis did not predict
subsequent cigarette use (ORs
ranged from 0.86-1.60)

For waterpipe smokers,
depression did not predict
initial nicotine dependence

symptoms (unadjusted HR =
1.03, CI=0.98-1.09) but did

Depression>tobacco predict full nicotine dependence
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Gender; gthl%ieity; onset age of
smoking@smo&d 5+ packs per
month;_‘ﬁilé%iﬂ:lum number of

drinks pefPgonth; marijuana use;

onset ag%ﬁnp'\)gijuana; pleasant
initial &nnﬁt{gty to tobacco;

parenta]a'lig) e dependence;

dismptiv%@goianxiety disorder
X DBEW5

ue
e

('_12 (o
Age; sclnzgplasenia diagnosis;
length of @ﬁlmx hospitalisation;
adherenc@@l%ical stabilisation
3®
.m
R0

‘Buiul
adolway/:dny

resy |y

Gender; %e; PiSD; alcohol and
illicit g dBorders; eating
% dispyders
a ©

Gender;%e; dgﬁcult childhood
temperanent; parental education;
parent®] sméking; parental
psycho@tho gy; adolescent
alcohol afd dryg use; adolescent
anxiety agi depressive disorders

o o
Gende2mother's education;
emoti$al agd behavioural
problems at3 years of age;
mother's saking during
preggancy

Gender; I; SES; age

| op anbiydeiBoqig 9oBBva

81.8

63.6

72.7

72.7

63.6

54.5

at W3 and W5;

temporal ordering

unclear

Difficulty defining
relapse; confounder of
stressful life events not

included

certain disorders

disorders

High attrition

Small sample size

13

Anxiety only measured

Small sample sizes for

Only 2-waves; small
sample sizes for certain
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Kendler et al.
[49] (2015) -
Sweden

King et al.
[50] (2004) -
USA

MacKie et al.
[51] (2011) -
UK

Marmorstein
et al. [52]
(2010) - USA

Males from
conscript
registry (n =
233,879)

Youth twins (n
=1364)

Youth (n =409)
with elevated
hopelessness,

anxiety-
sensitivity,
impulsivity and
sensation-
seeking

Male youth (n
=503)

18.5 (SD = 8.4)

years of age; 8-
year follow-up;

5-waves

11 years of age;
3-year follow-
up; 2-waves

14.5 years of

age; 1.5-year

follow-up; 4-
waves

~6.2 years of

age; 14-year

follow-up; 15-
waves

Smoking quantity
(none vs light vs
heavy)

Nicotine onset;
regular cigarette

use; daily nicotine

use

Cigarette use (yes

or no)

Age at first
tobacco use

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Registry
diagnosis
(assessment
tool unclear)

DICA-R

DIS

CBCL; TRF;
YSR

BMJ Open

Tobacco>psychosis

Anxiety>tobacco;
tobacco>anxiety

Tobacco>psychosis

Anxiety>tobacco

diagnosis (HR =1.13, CI =
1.02-1.25). For cigarette
smokers, depression did not
predict initial dependence
symptoms (unadjusted HR =
1.00, CI =0.94-1.06) or full
nicotine dependence diagnosis
(unadjusted HR = 0.96, CI1 =
0.85-1.09)

W1 and W2 light (vs no)
smoking did not predict
subsequent schizophrenia (ORs
ranged from 1.60-1.62) but W3
did (OR = 1.77, CI = 1.02-
3.05); W1 and W3 heavy (vs
no) smoking did predict
subsequent schizophrenia (ORs
ranged from 2.21-2.39), but W2
did not (OR = 1.96, CI = 0.95-
4.06)

Using adjusted analyses, W1
MDD predicted W2 nicotine
onset (OR=1.98, CI=1.15-
3.41), but using unadjusted
analyses did not predict regular
cigarette use or daily nicotine
use (ORs ranged from 0.83-
1.94); using unadjusted
analyses, W1 separation anxiety
disorder and overanxious
disorder did not predict any of
the outcomes (ORs ranged from
0.84-1.25)

W1 cigarette use did not predict
persistent psychotic trajectory
(OR =1.3,0.3-5.1) but did
predict increasing psychotic
trajectory (OR = 5.4, CI = 1.5-
20.1)

Both generalised (OR = 0.06,

CI=.02-.17) and social anxiety
(OR =0.06, CI=.02-.17)

8

Family munity SES;

buse
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Gender; ethpicity; anxiety
sensitivityf'gopelessness;
impulsivity; s@)sation seeking
o

1919

interacted with time to predict Age at first alc&ol and substance

earlier onset of tobacco use

use; definquency
°
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45.5

72.7

54.5

63.6

14

Only male youth;
psychological disorder
assessment method
unclear

Only 2-waves; anxiety
disorders assessed for
females only; variables
only measured at one
time point each; only
some analyses adjusted

Short follow-up; small
sample sizes in sub-
groups

Statistics unclear; only
male sample

Page 16 of 54
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Marsden et
al. [53]
(2019) - USA

Moylan et al.
[54] (2013) -
Norway

Mustonen et
al. [55]
(2018) -
Finland

Okeke et al.
[56] (2013) -
USA

Pedersen et
al. [57]
(2009) -
Norway

21.0 (SD=2.3)
University years of age; 3-
students (n=  year follow-up;
5236) 6-waves
14-15 years of
age; 4-year
Youth (n= follow-up; 3-
456) waves
15-16 years of
age; 15-year
follow-up;
Youth (n= number of waves
6081) unclear
Mexican- 11-13 years of
American age; S-year
youth (N = follow-up; 3-
1328) waves
13 years of age;
Youth (n= 13-year follow-
1501) up; 4-waves

Past 30-day use
and frequency of
use of cigarettes,
refillable e-
cigarettes,
disposable e-
cigarettes, hookah,
cigars (including
cigarillos and little
cigars), and

smokeless tobacco CESD-10

Smoking status
(active vs non-

active) GADS

Cigarette quantity
(non-smokers vs
moderate [1-9
cigarettes a day] vs
heavy [greater than
10 cigarettes a
day]); number of
daily cigarettes
smoked; age of
smoking onset

Registry
diagnoses
based on ICD-
10 criteria

Smoking status
(never vs puffer
[tried but not
completed single
cigarette] vs
experimenter [have
consumed one

cigarette or more]) STAS

Smoking status
(not smoking vs
smoking but not

dependent vs (SCL-90)
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Tobacco>depression

Tobacco>anxiety;

anxiety>tobacco

Tobacco>psychosis

Anxiety>tobacco

Tobacco>anxiety;
anxiety>tobacco

For past 30-day use, significant
predictors of depression were
cigarettes, refillable e-
cigarettes, and hookah (rate
ratios ranged from 1.01-1.03),
but disposable e-cigarettes,
cigars, and smokeless tobacco
were non-significant (rate ratios
ranged from 1.00-1.10); for
frequency of use, significant
predictors of depression were
cigarettes, refillable e-
cigarettes, and smokeless
tobacco (rate ratios ranged from
1.10-1.04), but disposable e-
cigarettes, cigars, and hookah
were non-significant (rate ratios
ranged from 1.01-1.05)

Active smoking in adolescence
predicted later anxiety (B =
0.17, p <.05); adolescent
anxiety did not predict later
smoking (statistics not
presented)

Heavy smoking (HR = 2.00, CI
= 1.13-3.54) and number of
daily cigarettes (OR = 1.05, CI
=1.01-1.08) predicted later
psychosis; but moderate
smoking did not (HR = 0.42, CI
=0.13-1.34); early onset
predicted subsequent psychosis
compared to late onset (HR =
2.84, CI=1.12-7.18)

Anxiety predicted experimenter
status (OR = 1.04, CI = 1.02-
1.07) but not puffer status (OR

=1.01, CI=0.99-1.03)
Nicotine dependent status
predicted later anxiety (B =
0.09, p <.01) but non-
dependent smoking status did
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Baseline#yclﬁtic experiences;
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abusegparemal psychosis

>

salbo|o
Je Geoc

>
Gender; agégbinh country;
parental educzgion; BMI; body
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Gender; agegepression and
parasuicide at age 20; and at ages
15 and 20: SESgparental care and
monitoring, pgrental divorce,
o

| 8p anbiy

54.5

72.7

72.7

54.5

University student

sample

covariates

Number of waves

unclear; psychosis

diagnosis method
unclear

point

15

Very small cell sizes;
relatively high SES of
participants; minimal

Temporal ordering
unclear; variables not
measured at each time

54.5 Infrequent assessments
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Purborini et

al. [58]
(2021) - Youth (n=
Indonesia 1960)
Raffetti etal.  High school
[59] (2019) -  students (n=
Sweden 3959)

Ranjit et al.
[60] (2019) -
Finland

Youth twins (n
=4152)

Ranjit et al.

[61]
(2019b*) - Youth twins (n
Finland =4236)

Savage et al.
[62](2016) - Youth twins (n

Finland =1906)
Mexican-
Shete et al. American
[23] (2017) - youth (n =
USA 1328)

17.0(SD=1.4)

years of age; 7-

year follow-up;
2-waves

13 years of age;
1-year follow-
up; 2-waves

14 years of age;
3-year follow-
up; 2-waves

17.5 years of
age; 5-year
follow-up; 2-
waves

12 years of age;
10-year follow-
up; 4-waves
11.8 (SD=0.8)
years of age; 5-
year follow-up;
2-waves

=5
3
BMJ Open o
ke
@
b}
[N
o
N
N
o
al
a1
nicotine not (B =0.05, p> .05); anxiety  educati oﬁuct problems,
dependent) did not predict later smoking a@abls

Lifetime tobacco
status (ever vs
never); current
tobacco status

(never vs current

vs former)

CESD-10 Tobacco>depression

Cigarette smoking;
snus use; current;
tobacco use;

status (OR = 1.06, CI=0.97-

predicted depression including
0.73-1.12), current smoker (B =

former smoker (B =1.52, CI =

1.17)

All tobacco use statuses

ever smoked (B =0.92, CI =

Blasug

0.88, CI =0.68-1.08), and

pe119|aj sasn 10} ﬁu [:gu:)u! ‘ybiAdoo Aq |

@wwau

0.95-2.08) Maritahstat@; region; SES
Cigarette smoking (b=3.4,p = D '-g;
.006) and tobacco dependence ﬁ_g
(b=3.4, p=.008) predicted % @
later depression, but snus (b = - oo
0.1, p =.934) and tobacco (b = = =
1.9, p =.073) use did not; using S
depression onset as outcome, 3®©
only tobacco dependence was a 5 m
significant predictor (OR = 4.8, 5~
@ .

tobacco
dependence (all
variables yes or

no) CES-DC; SDQ Tobacco>depression 0.8-2.0) blﬂihplam, gender
Lifetime cigarettes S o
smoked (zero vs 1- Lifetime cigarettes smoked and @ 3
50 vs 50+); smoking status did not predict ~ Gender; %bthLgrades; alcohol
smoking status later depression (IRRs ranged  use to intmica%n; health status,
(never vs from 1.05-1.14); depression did ~ pre-exigting &epressiveness;
experimenter vs not predict later smoking sharedg_ami%l and genetic
quitter vs regular) GBI Tobacco>depression (results not shown) factgys batween twins
Smoking did not predict later T g
depression (OR = 1.02, CI = D v
0.92-1.14); depression did not  Gender; age, baseline depression;
Smoking status Tobacco>depression;  predict later smoking (OR = sharedgamlhal and genetic
(never vs ever) GBI depression>tobacco 1.03, CI=0.91-1.17) factmrs bq%veen twins
9,_’,
. >
Peer/teacher/parent-rated social Q
Nicotine anxiety did not predict future m
dependence nicotine dependence (Bs ranged Nicotine depe@lence at W2 and
symptoms MPNI Anxiety>tobacco from -.15 to -.01) W3;gender
2
Smoking Anxiety predicted smoking Gender; age; Qibjective social
escalation (yes or escalation (OR = 1.03, CI = status; intentios to try cigarette;
no) STAS Anxiety>tobacco 1.02-1.05) peer smoking;garental smoking
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81.8 ordering unclear

Minimal waves; short
72.7 follow-up;

Minimal waves;
variables only measured
72.7 at one wave

54.5 Minimal waves

Social anxiety only
measured at W1;
statistics unclear; low
internal reliability of
parent-rated social
45.5 anxiety

36.4 Minimal waves
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Sub-sample of
young adults

(precise N
Smith et al. unclear, but
[63] (2014) -  approximately
USA 14,000)
Swendsen et
al. [64] Youth (n=
(2010) - USA 5001)
Subsample of
Tomita et al.  youth without

[65] (2020) - depression (N =
South Africa 4207)

Trotta et al.
[66] (2020) -
UK

Youth twins (n
=2232)

18-29 years of
age; 1-year
follow-up; 2-
waves

15-24 years of

age; 10-year

follow-up, 2-
waves

15-19 years of
age; 7-year
follow-up; 4-
waves

12 years of age;

6-year follow-
up; 2-waves

Smoking cessation
(yes or no)

Daily tobacco use
(yes or no);
nicotine

dependence (yes or

no)

Smoking cigarette
status (yes or no)

Tobacco
dependence
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authors
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Depression>tobacco;
anxiety>tobacco;
bipolar>tobacco

Depression>tobacco;

anxiety>tobacco;
bipolar>tobacco

Tobacco>depression

Psychosis>tobacco

Compared to the longitudinal
smoking cessation rate of no-
diagnosis (28.7), all
longitudinal smoking cessation
rates of those with past-year
diagnoses were significantly
lower (ps <.001): SAD (13.8),
agoraphobia (12.0), panic
disorder (14.5), specific phobia
(20.3), GAD (13.4), mania or
hypomania (18.6), MDD (17.6)

Among W1 non-daily tobacco
users, significant predictors of
W2 onset of daily use included
any mood disorder, panic
disorder, SAD, specific phobia,
GAD, and any anxiety disorder
(ORs ranged from 1.6-3.0),
whereas MDD, bipolar,
agoraphobia, and separation
anxiety were non-significant
(ORs ranged from 0.8-1.8);
among daily tobacco users,
significant predictors of W2
onset of nicotine dependence
included bipolar, any mood
disorder, agoraphobia, and
separation anxiety (ORs ranged
from 1.9-3.9), whereas MDD,
panic disorder, SAD, GAD, and
any anxiety disorder were non-
significant (ORs ranged from
0.8-1.4)

Smoking predicted depression
for both males (RR = 1.84, CI =
1.18-2.88) and females (RR =
2.47,CI=1.15-5.29)

Psychosis did not predict later
tobacco dependence (RR =
1.00, CI=0.57-1.75)
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of age for
clinical high risk;
Youth at 19.7 (4.7) years Tobaccp useltnarijuana use;
clinical high of age for Light smoking (OR = 0.90, CI alcoh@use;@ge; ethnicity;
risk of controls; 2-year Smoking level = 0.4-2.2), heavy smoking (OR academlc%egbg'nance; academic
Ward et al.  psychosis (N = follow-up; waves (none vs light vs =0.3, CI=0.05-2.3), and status adjustmetst;deression; anxiety;
[67] (2019) - 587) and unclear but heavy); smoking as 'ever smoked' (HR =1.16, CI  social a@i@y\ﬁally stressors; Some small cell counts;
USA and  healthy controls approximately 3-  status (never vs = 0.82-1.65) did not predict llfemvantkg perceived number of waves
Canada (N=274) ever) SIPS Tobacco>psychosis transition to psychosis g_s%iréinatlon 72.7 unclear
=8¢ Inconsistent follow-up
Baseline binary smoking (RR = = "m* § periods; number of
1.94, CI = 1.05-3.58) and daily XCo waves unclear;
18 years of age; ~ Smoking status smoking 10+ cigarettes (RR = ® -8 2 schizophrenia diagnosis
10.2(SD=3.6) (yes or no); daily Registry 2.28, CI = 1.19-4.34) predicted g_ r__l; g method unclear;
Weiser etal.  Youth male year follow-up;  smoking quantity diagnoses later schizophrenia, but daily Non- psxghnth,psychologlcal smoking only assessed
[68] (2004) - military recruits number of waves  (zero vs 1-9 vs  based on ICD- smoking 1-9 cigarettes (RR = disorder®adoBscent social and at baseline; only male
Israel (n =14, 248) unclear 10+) 10 criteria Tobacco>psychosis 1.38, CI = 0.48-4.00) did not 1ntellec§1 ctlomng, SES 72.7 sample
13.6 (SD=2.5) 5 m:
years of age for Eadd
Youth with  bipolar, 13.7 (SD Maintenance of smoking Q- = Temporal ordering
bipolar (N = =2.1) years of predicted bipolar status at final > § unclear; small sample
105) and youth age for controls; follow-up (HR =3.2, CI = 1.6- = size; number of waves
Wilens et al. controls 5-year follow- 6.7); but smoking did not SES,Epare-rgal history of unclear; levels of
[69] (2016) - without bipolar up; 3-waves (but Cigarette smoking KSADS-E; predict persistence of bipolar  substanceZise dfsorder; probands predictor unclear;
USA (N =98) unclear) (levels unclear) SCID Tobacco>bipolar (HR=1.5,CI=0.7-3.2) gvith gpolar; 63.6 results unclear
Smoking quantity negatively % ;
predicted schizophrenia by final Diagnosis at cihscription; poor Psychological disorder
18-20 years of ~ Smoking quantity follow-up (HR = 0.8, C1=0.7- social intégratien; 1Q; drug use; diagnosis method
age; 27-year (non-smokers vs Registry 0.9), but did not predict disturbsd begavior; father’s unclear; number of
Zammit et al. Youth military follow-up; light smokers vs diagnoses schizophrenia between 0-5 occupati@d; place of upbringing; waves unclear; smoking
[70] (2003) -  recruits (n=  number of waves medium smokers based on ICD- years from baseline (HR = 0.9,  family SES; fgmly psychiatric only measured at
Sweden 50,087) unclear vs heavy smokers) 8 Tobacco>psychosis CI=0.7-1.1) hlstor% alc(rhol problems 81.8 baseline
: _I—‘ Only females; minimal
21.0(SD=1.73) ° waves; short follow-up;
Zhang et al. years of age; 1.5- Smoking did not predict BMI; alccgol u@ alcohol-related MDD and smoking
[71](2018) - Female youth  year follow-up; Smoking status incremental variance in MDD  problemsgy hys&Eal activity; good measured as binary
Germany (n=3065) 2-waves (yes or no) DIMD-RV Tobacco>depression (OR = 1.55, CI =0.90-2.66) ys1a'a-1 health 72.7 variables
Note: All Cls (confidence intervals) were 95%. Y
o

*Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study.
BMI = Body Mass Index; CI = 95% confidence interval; Est. = Estimate; GAD = Generalised Anxiety Disorder; IRR = Incidence Rate Ratio; OR = odds ratio; SA]% Social Anxiety Disorder; SES = socioeconomic
status; U = Mann Whitney U Test.
AUDADIS-IV = Alcohol Use Disorder and Associated Disabilities Interview Schedule; BCFPI = Brief Child and Family Phone Interview; BDI-II = Beck Depress@n Inventory-1I; BPRS-PS = Brief Psychiatric Rating
Scale; CBCL = Child Behavior Checklist; CES-DC = Center for Epidemiologic Studies Depressive symptoms Scale for Children; CESD = Center for Epidemiologg Studies Depression Scale; CGI-S = Clinical Global
Impressions — Severity Scale; DAWBA = Development and Wellbeing Assessment; DICA-R = Diagnostic Interview for Children and Adolescents; DIMD-RV = Iamagnostic Interview for Mental Disorders—Research
Version; DIS = Diagnostic Interview Schedule; DISC = Diagnostic Interview Schedule for Children; DSS = Depressive Symptoms Scale; FTND = Fagerstrom Tesﬁfor Nicotine Dependence; GADS = Generalized
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Overview of included cohort studies

As per Table 1, the vast majority of the 49 cohort studies were either from North America (n
=20, with 18 from USA) or Europe (n = 21). Most studies used a non-clinical youth sample
(n = 40), with the remaining nine using a clinical sample (youth in receipt of clinical mental
health services) or a pseudo-clinical sample (e.g., youth with elevated anxiety sensitivity).
Sample sizes ranged widely from 117 to 233,879 (M = 8162.53, Mdn = 14,000, SD =
33738.60). Youth age at baseline ranged from 6.2 to 23.5 (M = 16.09, SD = 3.59). Follow-up
periods with youth participants ranged from 1 to 27-years (M = 6.43, SD = 5.15). Of the 46
studies that provided this longitudinal follow-up information, the number of waves ranged
from 2 to 15 (M =3.93, SD = 2.40). In terms of the types of tobacco measures used,
numerous studies used a binary measure (n = 25; e.g., cigarette user vs non-user, nicotine
user vs non user), while others used a categorical (ordinal) measure (n = 22; e.g., non vs
moderate vs heavy smoker), while only five studies used a continuous measure. Nine studies
used ‘nicotine dependence’ as the tobacco-related measure, while five used ‘onset’ (e.g., age
of smoking onset), and four studies also included consumption of tobacco more broadly than
cigarettes (e.g., cigarillos, snus, smokeless tobacco). Twelve studies used multiple measures
of tobacco use. Only one study examined smoking-cessation as the tobacco-related variable.
Most studies (n = 30) used structured interviews with youth (e.g., WHM-CIDI, PLIKSi) to
assess the relevant psychological variable (e.g., anxiety), and a moderate number of studies (n
= 19) used self-report measures (e.g., PHQ-9, CESD). Only four studies used caregiver-report
(teacher or parent) and one study used peer-report. As shown in Table 1, there were zero
relevant studies found for BPD. The number of covariates included in analyses ranged from 1
to 19 (M = 6.69, SD =4.05). Common covariates included gender, age, SES, and other drug

use (e.g., cannabis and alcohol). Common limitations of the cohort studies included: only
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using two-waves, not controlling for earlier levels of outcome or later levels of predictor,

small cell sizes, and unclear temporal ordering.

Overview of included systematic reviews

As per Table 3, one of the four systematic reviews only focused on youth from the USA and
Canada [11], while the other three did not have geographical constraints. Cairns et al. [9] and
Chaiton et al. [10] specified a target population age range, while Esmaeelzadeh et al. [11] and
Ahun et al. [20] broadly referred to “youth’. All reviews examined a variety of tobacco and
psychological measures, and all four examined the relationship between tobacco and
depression; whereas, only Esmaeelzadeh et al. [11] and Ahun et al. [20] also examined the
relationship between tobacco and anxiety. None of the other psychological disorder
categories were evaluated. Two of the reviews were limited by small sample sizes for anxiety

analyses [11,20].

Tobacco>depression

Fifteen cohort studies examined the effect of tobacco use on the development of depression in
youth, including only one with a clinical sample and eight with more than two waves. As
shown in Table 2, there was evidence that tobacco had an effect on depression, with 13 of 15
studies (86.7%) showing a positive effect (p <.001). Only one of these studies was high
quality (quality appraisal score > 75%), and this study found a positive effect. Effect
estimates for each cohort study are shown in Table 2. Additionally, three of the four
systematic reviews examined the effect of tobacco on depression and found a positive and

significant pooled estimate, as shown in Table 3.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug

I T

N T - - T


https://paperpile.com/c/ZEndLb/oCsl
https://paperpile.com/c/ZEndLb/oCsl
http://bmjopen.bmj.com/

oNOYTULT D WN =

- O
g 3
BMJ Open s © Page 24 of 54
S 3
ER
Z R
2 3
Table 2 - Vote counting of the direction of effects for cohort studies s 3
2 o©
S5 o
@5
Authors (year) - country Tobacco>depression Depression>tobacco Tobacco>anxiety Anxiety>tobacco Tobacco>bipolar B@olat%tobacco Tobacco>psychosis Psychosis>tobacco
[ (]
Ajdacic-Gross et al. [24] (2009) - Switzerland <« Q=
nn o
= @
Ames et al. [25] (2018) - Canada A Da §
S
Berk et al. [26] (2010) - Australia g 3 g v
=8 o
o>
Bierhoff et al. [27] (2019) - USA < A = 0 2
225
Borges et al. [28] (2018) - Mexico A A A ) -8 g_
2pd
Buchy et al. [29] (2014) - USA and Canada g_ S = v
—~+~0
Q>3
Buchy et al. [30] (2015) - USA and Canada o Unclear
=m=
Bulhdes et al. [31] (2020) - Portugal A 25-’313
Q- =
- =3
Chen et al. [32] (2017) - USA A A > 3
— o
Crane et al. [33] (2021) - USA Unclear § 8
S S
. S o
Davies et al. [34] (2018) - UK A Q 3 A
2 5
Ferdinand et al. [35] (2004) - Netherlands g_ 8 A
o 2
Fonseca et al. [36] (2021) - Brazil A 3 g
5 o
Gage et al. [37] (2014) - UK ~ S A
® o
Gardvik et al. [38] (2020) - Norway \4 A % =
2 !
Goodwin et al. [39] (2004) - New Zealand A g §
S
Goodwin et al. [40] (2013) - Germany <> <> 8 t-1g
>
Griesler et al. [41] (2008) - USA <> A <> <> ‘g
S
Griesler et al. [42] (2011) - USA A < < A 3
o8}
Hu et al. [43] (2012) - USA A =2
o
Hui et al. [44] (2013) - China % A
o
=
o
c
)
o
)
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Isensee et al. [45] (2003) - Germany A <> %

Q@

Johnson et al. [46] (2000) - USA A Unclear §

Jones et al. [47] (2018) - UK §

7

Kalan et al. [48] (2020) - Lebanon <> =

Y

Kendler et al. [49] (2015) - Sweden g

King et al. [50] (2004) - USA <> <> 2

@

x

MacKie et al. [51] (2011) - UK g

5

Marmorstein et al. [52] (2010) - USA A g

=

Marsden et al. [53] (2019) - USA A )

3

Moylan et al. [54] (2013) - Norway A Unclear 3.

S

Q

Mustonen et al. [55] (2018) - Finland '>

Okeke et al. [56] (2013) - USA A g

=

Pedersen et al. [57] (2009) - Norway A A g

Purborini et al. [58] (2021) - Indonesia A gé_

Raffetti et al. [S9] (2019) - Sweden A %

Ranjit et al. [60] (2019) - Finland A ETJ

@

Ranjit et al. [61] (2019b*) - Finland A A g_

S

Savage et al. [62] (2016) - Finland v g

Q

Shete et al. [23] (2017) - USA A g'
Smith et al. [63] (2014) - USA A A
Swendsen et al. [64] (2010) - USA A A

Tomita et al. [65] (2020) - South Africa A

Trotta et al. [66] (2020) - UK
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Ward et al. [67] (2019) - USA and Canada
Weiser et al. [68] (2004) - Israel
Wilens et al. [69] (2016) - USA A
Zammit et al. [70] (2003) - Sweden

Zhang et al. [71] (2018) - Germany A
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Note. A = positive effect direction; ¥ = negative effect direction; € » = conflicting effect directions; unclear = unclear effect direction.
*Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study.
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Depression>tobacco

Twelve cohort studies examined the effect of depression on development of tobacco use by
youth. None of these studies used clinical samples, and seven had more than two waves.
There was evidence that depression had an effect on tobacco use, with six of the twelve
studies (50.0%) showing a positive effect (p =.016). One of these studies was high quality,
and this study showed a positive effect. All of the systematic reviews examined the effect of
depression on tobacco and the three reviews that reported a pooled estimate found a
significant positive effect. The fourth review reported individual study results and found that

85.7% of the included depression>tobacco studies had a significant positive effect.

Tobacco>anxiety

Eight studies examined the effect of tobacco use on development of anxiety in youth. One of
these had a clinical sample, and six had more than two waves. Tobacco appeared to have an
effect on anxiety, with six of eight studies (75.0%) showing a positive effect (p =.016). None
of these studies were high quality. One systematic review examined the effect of tobacco on
anxiety and found a positive and significant effect, but this effect was based on only one

study.

Anxiety>tobacco

Eighteen studies examined the effect of anxiety on development tobacco use by youth. None
of these used a clinical sample, and 11 had more than two waves. Anxiety appeared to have
an effect on tobacco use, with 11 of 18 studies (61.1%) showing a positive effect (p =.003).
Two of these studies were high quality, and both showed a positive effect. Two systematic
reviews examined the effect of anxiety on tobacco use. One of these found a positive non-

significant effect, while the other found a non-significant effect and did not report the effect
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direction. However, both reviews only included one anxiety>tobacco study and thus were

extremely underpowered.

Tobacco>bipolar

Two studies examined the effect of tobacco use on development of bipolar in youth. Both of
these studies used clinical samples and had more than two waves. Tobacco did not appear to
have an effect on bipolar, with just one study (50%) showing a positive effect (p = .500).
Neither of these studies was high quality. No reviews examined the tobacco-bipolar

relationship.

Bipolar>tobacco

Three studies examined the effect of bipolar on development of tobacco use by youth. None
of these used a clinical sample, and one had more than two waves. Bipolar did not appear to
have an effect on tobacco use, with two studies (66.7%) showing a positive effect (p =.250).
One of the three studies was high quality, and this study showed a positive effect. No reviews

examined the bipolar-tobacco relationship.

Tobacco>psychosis

Twelve studies examined the effect of tobacco use on development of psychosis in youth.
Seven of these used a clinical or pseudo-clinical sample, and seven had more than two waves.
Tobacco use did not appear to have an effect on psychosis, with only six studies (50%)
showing a positive effect (p = .254). Only one of the twelve studies was high quality, and this

study showed a negative effect. No reviews examined the tobacco-psychosis relationship.
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Table 3 — Descriptive information about systematic reviews (n = 4)
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Target
population S
Authors and study Psychological Relationship/s g m
(year) designs (n) Tobacco measure/s measure/s examined (n) Result Quality store % Limitations
Six of the depression studies had a a 8.
Depression>tobacco (N significant association with cigarette =] No statistics reported, only
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Psychosis>tobacco

Four studies examined the effect of psychosis on development of tobacco use by youth. None
of these used a clinical sample, and three had more than two waves. Psychosis did not appear
to have an effect on tobacco use, with two studies (50.0%) showing a positive effect (p =
.250). None of these studies were high quality, and no reviews examined the psychosis-

tobacco relationship.

DISCUSSION
The purpose of the current study was to review the reciprocal temporal relationships between
youth tobacco consumption and a group of psychological disorder categories including
depression, anxiety, bipolar, psychosis, and borderline personality disorder (BPD). This
review was justified because existing reviews: 1) are several years old, 2) have biased
samples, 3) only examine a narrow range of psychological disorders, and 4) lack a dedicated

focus on youth.

Synthesising the cohort and review studies, we found evidence that tobacco consumption
predicted the development of depression and anxiety for youth, but not bipolar or psychosis.
Tobacco might cause depression through certain biological mechanisms (e.g., decreasing the
cortisol response) and also by eliciting withdrawal symptoms of low mood [59]. However, it
is also possible that this longitudinal relationship is not causal. For example, the relationship
may become non-significant when certain confounders (e.g., familial and genetic factors) are
controlled for, as was found by Ranjit et al. [60,61]. Tobacco use might cause anxiety
because it elicits physiological symptoms for the young person similar to anxiety (e.g.,

shortness of breath, increased heart rate and blood pressure), which are then catastrophically
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misinterpreted [45]. However, similar to depression, this relationship might be better

explained by unmeasured confounders and may not be causal [54].

Our synthesis of findings suggests that tobacco may not predict psychosis, which was notable
because numerous studies (n = 12) examined this relationship. Of the six studies that found a
positive effect, only one of these was a high-quality study [68], though several other
moderate quality studies also found a positive effect. Tobacco use may have failed to predict
psychosis because other confounders play a true causal role in the young person’s experience
of psychosis (e.g., other substance use; Ward et al.) [67]. Alternatively, it has been
hypothesised that nicotine could actually decrease negative psychotic symptoms, mediated by
an increase in dopamine [70]. Our sign test showed an overall lack of effect of tobacco on
bipolar, which contradicts past research that does propose a causal effect [72]. However, only
two included studies examined the effect of tobacco on bipolar, indicating that more

longitudinal research is needed on this topic.

A similar pattern of results was found when investigating reverse-causation. The presence of
both depression and anxiety predicted future tobacco use, potentially because people who
experience depression and anxiety may have a greater probability of using tobacco to self-
medicate (i.e., to try to reduce adverse symptoms; Swendsen et al. [64]. However, as with the
effect of tobacco on depression, these relationships may only exist until familial and genetic
confounders are controlled for [60,61]. Presence of psychosis may have failed to predict
tobacco use due to certain confounders (e.g., cannabis use) that better explain the variance in
tobacco use [47], but the number of studies that examined this relationship was minimal (n =
4). Similarly, according to the sign test, presence of bipolar did not have an overall effect on

tobacco use. However, only three studies examined this relationship, and one of these studies
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was high quality and did find an effect. Hence, more longitudinal research is needed on this

question.

There were several limitations to this review. Firstly, the included studies were very
heterogeneous, particularly with regard to sample size, sample nature (i.e., clinical vs non-
clinical), number and type of confounders, follow-up period, number of waves, and type of
statistics used. Due to this heterogeneity, we were unable to meta-analyse the results.
However, despite these constraints, we were still able to synthesise the quantitative data using
vote counting based on effect direction, which is current best practice when meta-analysis is
not possible, according to recent recommendations by Cochrane [18]. A second limitation
was the way in which we classified psychological disorder categories. For example, under the
category of ‘anxiety’, we grouped various disorders including panic, social anxiety,
generalised anxiety, and agoraphobia. However, it is possible that young people’s
experiences of these disorders differ in how they relate to tobacco use. For example, tobacco
might have a greater effect on panic compared to social anxiety because tobacco can cause
impaired respiration which is more associated with panic symptoms than social anxiety
symptoms [46]. As more research accumulates on tobacco and mental health, future reviews

should distinguish between sub-types of psychological disorder categories.

Given the gap in the literature, future research should examine the reciprocal longitudinal
relationship between tobacco use and BPD. Additionally, more studies should be conducted
that investigate the relationship between tobacco, psychosis, and bipolar. Although there are
numerous studies on tobacco and both depression and anxiety, future research should
continue to examine confounders such as familial and genetic factors in order to strengthen

causal inferences.
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The mechanisms underlying smoking and mental illnesses are complex and yet to be
thoroughly investigated and understood. In the meantime, tobacco use and the financial and
health burdens of tobacco use are disproportionately high among people living with mental

illness and addressing tobacco use remains a high priority.

CONCLUSION
We found support for reciprocal relationships between tobacco and both depression and
anxiety for youth, though questions remain around whether these relationships are causal. In
contrast, we did not find overall evidence for a causal relationship between tobacco and
psychosis for this population, perhaps because nicotine has conflicting effects on the person’s
experience of psychosis. For the other relationships examined (tobacco>bipolar; bipolar
tobacco; psychosis>tobacco), evidence was weak because of low numbers of studies. Further
studies that examine the complexities of interactions between tobacco and mental health for
different diagnostic groups are needed to inform prevention, early intervention, treatment and
smoking cessation support for youth with comorbid psychological conditions and tobacco

use.

Author statement: K-M, C-M and S-L conceived the study and the study design. K-M
developed and executed the initial search strategy. L-M provided expert advice to and
executed the updated search. J-S, S-L and C-M completed the search strategy and determined
the final included studies. J-S prepared the draft of the review, S-L, C-M and L-M edited the
draft review. S-L finalised the manuscript. All authors read and approved the final

manuscript.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug

I T

e~ e~


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Funding: This research received no specific grant from any funding agency in the public,

commercial or not-for-profit sectors.

Competing interests: None declared.

31

Patient and public involvement: Patients and/or the public were not involved in the design,

or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication: Not required.

Ethics approval: This review did not require ethical approval.

Provenance and peer review: Not commissioned; externally peer reviewed.

Data availability statement: All data relevant to this review are included in the article or

uploaded as supplementary

REFERENCES

1. National Center for Chronic Disease P, Health Promotion Office on S, Health. The
Health Consequences of Tobacco Use Among Young People. Centers for Disease Control
and Prevention (US); 2012 2012.

2. Lawn SJ, Pols RG, Barber JG. Smoking and quitting: a qualitative study with
community-living psychiatric clients. Social Science & Medicine. 2002;54(1):93-104.

3. Morgan VA, Waterreus A, Jablensky A, et al. People living with psychotic illness
2010. Report on the second Australian national survey. 2011.

4. Lawrence D, Hancock KJ, Kisely S. The gap in life expectancy from preventable

physical illness in psychiatric patients in Western Australia: retrospective analysis of

population based registers. BMJ. 2013;346:f2539.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 34 of 54

'saIfojouyoal Jejiwis pue ‘Buluresy |v ‘Buiuiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublaosug

I Y

N T - - T


http://bmjopen.bmj.com/

Page 35 of 54

oNOYTULT D WN =

BMJ Open

32

5. Tam J, Warner KE, Meza R. Smoking and the reduced life expectancy of individuals
with serious mental illness. American Journal of Preventive Medicine. 2016;51(6):958-66.

6. Minichino A, Bersani FS, Calo WK, et al. Smoking behaviour and mental health
disorders—mutual influences and implications for therapy. International Journal of
Environmental Research and Public Health. 2013;10(10):4790-811.

7. Greenhalgh E, Jenkins S, Stillman S, et al. 7.12 Smoking and mental health. 2018. In:
Tobacco in Australia: Facts and issues [Internet]. Melbourne: Cancer Council Victoria.

8. Khokhar JY, Dwiel LL, Henricks AM, et al. The link between schizophrenia and
substance use disorder: A unifying hypothesis. Schizophrenia Research. 2018;194:78-85.

9. Cairns KE, Yap MB, Pilkington PD, et al. Risk and protective factors for depression
that adolescents can modify: a systematic review and meta-analysis of longitudinal studies.
Journal of Affective Disorders. 2014;169:61-75.

10. Chaiton MO, Cohen JE, O'Loughlin J, et al. A systematic review of longitudinal
studies on the association between depression and smoking in adolescents. BMC Public
Health. 2009;9:356.

11.  Esmaeelzadeh S, Moraros J, Thorpe L, et al. Examining the Association and
Directionality between Mental Health Disorders and Substance Use among Adolescents and
Young Adults in the U.S. and Canada—A Systematic Review and Meta-Analysis. Journal of
Clinical Medicine. 2018;7(12):543.

12. Fluharty M, Taylor AE, Grabski M, et al. The Association of Cigarette Smoking with
Depression and Anxiety: A Systematic Review. Nicotine & Tobacco Research. 2017;19(1):3-
13.

13. Kessler RC, Berglund P, Demler O, et al. Lifetime prevalence and age-of-onset
distributions of DSM-IV disorders in the National Comorbidity Survey Replication. Archives

Of General Psychiatry. 2005;62(6):593-602.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

33

14. Lamin RAC, Othman N, Othman CN. Effect of Smoking Behavior on Nicotine
Dependence Level among Adolescents. Procedia - Social and Behavioral Sciences.
2014;153:189-98.

15. O'Loughlin J, DiFranza J, Tarasuk J, et al. Assessment of nicotine dependence
symptoms in adolescents: a comparison of five indicators. Tobacco Control. 2002;11(4):354-
60.

16.  Joanna Briggs I. Critical Appraisal Tools 2017 [updated 2017. Available from:
https://joannabriggs.org/critical-appraisal-tools.

17.  Higgins JPT, Li T, Deeks JJ. Chapter 6: Choosing effect measures and computing
estimates of effect. 2020 [cited 2021/1/5]. In: Cochrane Handbook for Systematic Reviews of
Interventions [Internet]. Cochrane, [cited 2021/1/5]. Available from:
https://training.cochrane.org/handbook/current/chapter-06.

18.  McKenzie JE, Brennan SE. Chapter 12: Synthesizing and presenting findings using
other methods. 2020 [cited 2020/11/10]. In: Cochrane Handbook for Systematic Reviews of
Interventions version 61 [Internet]. Cochrane, [cited 2020/11/10]. Available from:
https://training.cochrane.org/handbook/current/chapter-12.

19. Thomson H, Thomas S, Sellstrom E, et al. Housing improvements for health and
associated socio-economic outcomes. Cochrane Database of Systematic Reviews. 2013(2).
20.  Ahun MN, Lauzonab B, Sylvestre M, et al. A systematic review of cigarette smoking
trajectories in adolescents. International Journal of Drug Policy. 2020;83:102838. doi:
10.1016/j.drugpo.2020.102838. Epub 2020 Jul 16.

21. Mobher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. BMJ. 2009;339.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 36 of 54

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


https://www.sciencedirect.com/science/journal/09553959
http://bmjopen.bmj.com/

Page 37 of 54

oNOYTULT D WN =

BMJ Open

34

22.  BierhoffJ, Haardorfer R, Windle M, et al. Psychological Risk Factors for Alcohol,
Cannabis, and Various Tobacco Use among Young Adults: A Longitudinal Analysis.
Substance Use & Misuse. 2019;54(8):1365-75.

23. Shete SS, Wilkinson AV. Identifying demographic and psychosocial factors related to
the escalation of smoking behavior among Mexican American adolescents. Preventive

Medicine. 2017;99:146-51.

24. Ajdacic-Gross V, Landolt K, Angst J, et al. Adult versus adolescent onset of smoking:

how are mood disorders and other risk factors involved? Addiction (Abingdon, England).
2009;104(8):1411-9.

25.  Ames ME, Leadbeater BJ. Depressive symptom trajectories and physical health:
Persistence of problems from adolescence to young adulthood. Journal of Affective
Disorders. 2018;240:121-9.

26. Berk M, Henry LP, Elkins KS, et al. The impact of smoking on clinical outcomes
after first episode psychosis: Longer-term outcome findings from the EPPIC 800 follow-up
study. Journal of Dual Diagnosis. 2010;6(3-4):212-34.

27. Bierhoff J, Haardorfer R, Windle M, et al. Psychological Risk Factors for Alcohol,
Cannabis, and Various Tobacco Use Among Young Adults: A Longitudinal Analysis.
Substance Use and Misuse. 2019;54(8):1365-1375.

28.  Borges G, Benjet C, Orozco R,et al. A longitudinal study of reciprocal risk between
mental and substance use disorders among Mexican youth. Journal of Psychiatric Research.
2018;105:45-53.

29. Buchy L, Perkins D, Woods SW, et al. Impact of substance use on conversion to
psychosis in youth at clinical high risk of psychosis. Schizophrenia Research. 2014;156(2-

3):277-80.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bierhoff%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31023112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haard%26%23x000f6%3Brfer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31023112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Windle%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31023112
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=31023112
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

35

30. Buchy L, Cadenhead KS, Cannon TD, et al. Substance use in individuals at clinical
high risk of psychosis. Psychological Medicine. 2015;45(11):2275-84.

31.  Bulhdes C, Ramos E, Severo M, et al. Trajectories of depressive symptoms through
adolescence and young adulthood: social and health outcomes. European Child and
Adolescent Psychiatry. 2020;30:65-74.

32. Chen Y-L, Rittner B, Maguin E, et al. 'I need a cigarette'-The effects of cigarette
smoking on depression and anxiety of youth with early onset schizophrenia. Journal of
Psychologists and Counsellors in Schools. 2017;27(1):70-84.

33. Crane NA, Langenecker SA, Mermelstein RJ. Risk factors for alcohol, marijuana, and
cigarette polysubstance use during adolescence and young adulthood: A 7-year longitudinal
study of youth at high risk for smoking escalation. Addictive Behaviors. 2021;119:106944.
doi: 10.1016/j.addbeh.2021.106944. Epub 2021 Apr 6.

34, Davies J, Sullivan S, Zammit S. Adverse life outcomes associated with adolescent
psychotic experiences and depressive symptoms. Social Psychiatry and Psychiatric
Epidemiology. 2018;53(5):497-507.

35. Ferdinand RF, van der Ende J, Verhulst FC. Associations between visual and auditory
hallucinations in children and adolescents, and tobacco use in adulthood. Social Psychiatry
and Psychiatric Epidemiology. 2004;39(7):514-20.

36. Fonseca LB, Pereira LP, Rodrigues PRM, Muraro AP, Andrade ACS, Pereira RA,
Ferreira MG. Incidence of depressive symptoms and its association with sociodemographic
factors and lifestyle-related behaviors among Brazilian university students. Psychology
Health and Medicine. 2021:1-15. doi: 10.1080/13548506.2021.1874432. Epub 2021 Jan 18.
37. Gage SH, Hickman M, Heron J, et al. Associations of cannabis and cigarette use with
psychotic experiences at age 18: findings from the Avon Longitudinal Study of Parents and

Children. Psychological Medicine. 2014;44(16):3435-44.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 38 of 54

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


https://scholar.google.is/citations?view_op=view_citation&hl=ru&user=cWfHnMIAAAAJ&cstart=20&pagesize=80&citation_for_view=cWfHnMIAAAAJ:NaGl4SEjCO4C
https://scholar.google.is/citations?view_op=view_citation&hl=ru&user=cWfHnMIAAAAJ&cstart=20&pagesize=80&citation_for_view=cWfHnMIAAAAJ:NaGl4SEjCO4C
https://scholar.google.is/citations?view_op=view_citation&hl=ru&user=cWfHnMIAAAAJ&cstart=20&pagesize=80&citation_for_view=cWfHnMIAAAAJ:NaGl4SEjCO4C
http://bmjopen.bmj.com/

Page 39 of 54

oNOYTULT D WN =

BMJ Open

36

38. Gardvik KS, Rygg M, Torgersen T, et al. Psychiatric morbidity, somatic comorbidity

and substance use in an adolescent psychiatric population at 3-year follow-up. European

Child and Adolescent Psychiatry.2020. doi: 10.1007/s00787-020-01602-8. Epub 2020 Jul 15.

39, Goodwin RD, Fergusson DM, Horwood LJ. Association between anxiety disorders
and substance use disorders among young persons: Results of a 21-year longitudinal study.
Journal of Psychiatric Research. 2004;38(3):295-304.

40. Goodwin RD, Perkonigg A, Hofler M, et al. Mental disorders and smoking
trajectories: A 10-year prospective study among adolescents and young adults in the
community. Drug and Alcohol Dependence. 2013;130(1-3):201-7.

41. Griesler PC, Hu MC, Schaffran C, et al. Comorbidity of psychiatric disorders and

nicotine dependence among adolescents: findings from a prospective, longitudinal study.

Journal of the American Academy of Child and Adolescent Psychiatry. 2008;47(11):1340-50.

42. Griesler PC, Hu MC, Schaffran C, et al. Comorbid psychiatric disorders and nicotine
dependence in adolescence. Addiction. 2011;106(5):1010-20.

43, Hu MC, Griesler PC, Schaffran C, et al. Trajectories of criteria of nicotine
dependence from adolescence to early adulthood. Drug and Alcohol Dependence.
2012;125(3):283-9.

44.  Hui CL, Tang JY, Leung CM, et al. A 3-year retrospective cohort study of predictors
of relapse in first-episode psychosis in Hong Kong. The Australian and New Zealand Journal
of Psychiatry. 2013;47(8):746-53.

45, Isensee B, Wittchen HU, Stein MB, et al. Smoking increases the risk of panic:
findings from a prospective community study. Archives of General Psychiatry.
2003;60(7):692-700.

46. Johnson JG, Cohen P, Pine DS, et al. Association between cigarette smoking and

anxiety disorders during adolescence and early adulthood. JAMA. 2000;284(18):2348-51.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

37

47. Jones HJ, Gage SH, Heron J, et al. Association of Combined Patterns of Tobacco and
Cannabis Use in Adolescence With Psychotic Experiences. JAMA Psychiatry.
2018;75(3):240-6.

48. Kalan ME, Bahelah R, Bursac Z, et al. Predictors of nicotine dependence among
adolescent waterpipe and cigarette smokers: A 6-year longitudinal analysis. Drug and
Alcohol Dependence. 2020;217:108346. doi: 10.1016/j.drugalcdep.2020.108346. Epub 2020
Oct 12.

49.  Kendler KS, Lonn SL, Sundquist J, et al. Smoking and schizophrenia in population
cohorts of Swedish women and men: a prospective co-relative control study. The American
Journal of Psychiatry. 2015;172(11):1092-100.

50.  King SM, Iacono WG, McGue M. Childhood externalizing and internalizing
psychopathology in the prediction of early substance use. Addiction. 2004;99(12):1548-59.
51.  MacKie CJ, Castellanos-Ryan N, Conrod PJ. Developmental trajectories of psychotic-
like experiences across adolescence: Impact of victimization and substance use.
Psychological Medicine. 2011;41(1):47-58.

52.  Marmorstein NR, White HR, Loeber R, et al. Anxiety as a predictor of age at first use
of substances and progression to substance use problems among boys. Journal of Abnormal
Child Psychology. 2010;38(2):211-24.

53.  Marsden DG, Loukas A, Chen B, et al. Associations between frequency of cigarette
and alternative tobacco product use and depressive symptoms: A longitudinal study of young
adults. Addictive Behaviors. 2019;99:106078.

54. Moylan S, Gustavson K, Karevold E, et al. The impact of smoking in adolescence on
early adult anxiety symptoms and the relationship between infant vulnerability factors for

anxiety and early adult anxiety symptoms: the TOPP Study. PloS One. 2013;8(5):e63252.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 40 of 54

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


http://bmjopen.bmj.com/

Page 41 of 54

oNOYTULT D WN =

BMJ Open

38

55. Mustonen A, Ahokas T, Nordstrom T, et al. Smokin' hot: adolescent smoking and the
risk of psychosis. Acta Psychiatrica Scandinavica. 2018;138(1):5-14.

56. Okeke NL, Spitz MR, Forman MR, et al. The associations of body image, anxiety,

and smoking among Mexican-origin youth. Journal of Adolescent Health. 2013;53(2):209-14.

57.  Pedersen W, von Soest T. Smoking, nicotine dependence and mental health among
young adults: a 13-year population-based longitudinal study. Addiction 2009;104(1):129-37.
58.  Purborini N, Lee MB, Devi HM, et al. Associated factors of depression among young
adults in Indonesia: A population-based longitudinal study. Journal of the Formosan Medical
Association. 2021;120(7):1434-1443.

59. Raffetti E, Donato F, Forsell Y, et al. Longitudinal association between tobacco use
and the onset of depressive symptoms among Swedish adolescents: the Kupol cohort study.
European Child & Adolescent Psychiatry. 2019;28(5):695-704.

60. Ranjit A, Buchwald J, Latvala A, et al. Predictive Association of Smoking with
Depressive Symptoms: a Longitudinal Study of Adolescent Twins. Prevention Science.
2019;20(7):1021-30.

61. Ranjit A, Korhonen T, Buchwald J, et al. Testing the reciprocal association between

smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study.

Drug and Alcohol Dependence. 2019;200:64-70.

62. Savage JE, Kaprio J, Korhonen T, et al. The effects of social anxiety on alcohol and
cigarette use across adolescence: Results from a longitudinal twin study in Finland.
Psychology of Addictive Behaviors. 2016;30(4):462-74.

63. Smith PH, Mazure CM, McKee SA. Research paper. Smoking and mental illness in

the US population. Tobacco Control. 2014;23(S1):e147-53.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

39

64. Swendsen J, Conway KP, Degenhardt L, et al. Mental disorders as risk factors for
substance use, abuse and dependence: results from the 10-year follow-up of the National
Comorbidity Survey. Addiction. 2010;105(6):1117-28.

65.  Tomita A, Manuel JI. Evidence on the Association Between Cigarette Smoking and
Incident Depression From the South African National Income Dynamics Study 2008-2015:
Mental Health Implications for a Resource-Limited Setting. Nicotine & Tobacco Research
2018.

66. Trotta A, Arseneault L, Caspi A, et al. Mental Health and Functional Outcomes in
Young Adulthood of Children with Psychotic Symptoms: A Longitudinal Cohort Study.
Schizophrenia Bulletin. 2020;46(2):261-271.

67. Ward HB, Lawson MT, Addington J, et al. Tobacco use and psychosis risk in persons
at clinical high risk. Early Intervention in Psychiatry. 2019;13(5):1173-81.

68.  Weiser M, Reichenberg A, Grotto I, et al. Higher rates of cigarette smoking in male
adolescents before the onset of schizophrenia: a historical-prospective cohort study. The
American Journal of Psychiatry. 2004;161(7):1219-23.

69. Wilens TE, Biederman J, Milberger S, et al. Is bipolar disorder a risk for cigarette
smoking in ADHD youth? The American Journal on Addictions. 2000;9(3):187-95.

70. Zammit S, Allebeck P, Dalman C, et al. Investigating the association between
cigarette smoking and schizophrenia in a cohort study. The American Journal of Psychiatry.
2003;160(12):2216-21.

71.  Zhang XC, Woud ML, Becker ES, et al. Do health-related factors predict major
depression? A longitudinal epidemiologic study. Clinical Psychology & Psychotherapy.
2018;25(3):378-87.

72. Thomson D, Berk M, Dodd S, et al. Tobacco Use in Bipolar Disorder. Clinical

Psychopharmacology and Neuroscience. 2015;13(1):1.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 42 of 54

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug


http://bmjopen.bmj.com/

Page 43 of 54

oNOYTULT D WN =

v

Studies included in systematic review: 53 ——

BMJ Open
All records: 60,109
h
After de-duplication: 35,530
-
After initial screening: 758
R 4
After full text review: 53 ———— Ineligible: 705

Study too old: 181
Wrong outcomes/predictors: 205
Wrong patient population: 147
Wrong study design: 105
Not peer-reviewed study: 37
Manually identified duplicate: 23
Could not find full text: 6
Not English: 1

Cohort studies: 49
Systematic reviews: 4

Figure 1: PRISMA flow diagram
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Database Result Date
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Embase Not available to

Flinders Library but
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Psycinfo 483 11/05/2021
TOTAL 4403
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Table S1 — Quality appraisal scores for cohort studies (n = 49)

BMJ Open

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 QY9 Q10 Q11 Score %
Ajdacic-Grossetal. (2009) NNANAY Y Y N Y Y Y U Y 63.6
Ames et al. (2018) U Y Y Y Y N Y Y Y U Y 72.7
Berk et al. (2010) NANAY Y Y N Y Y Y Y Y 72.7
Bierhoff et al. (2019) NANAY N N N Y Y N N Y 36.4
Borges et al. (2018) NANAY Y Y N Y Y Y Y Y 72.7
Buchy et al. (2014) Y Y Y U U Y Y Y u U Y 63.6
Buchy et al. (2015) N Y Y Y U N Y Y N U Y 54.5
Bulhdes et al. (2020) NANAY Y Y N Y Y N U Y 54.5
Chen et al. (2017) NANAY N N N Y Y Y U Y 45.5
Crane et al. (2021) NANAY Y Y N Y Y Y Y Y 72.7
Davies et al. (2018) Y Y Y Y Y N Y Y N U Y 72.7
Ferdinand et al. (2004) NANAY Y Y N Y Y N U Y 54.5
Fonseca et al. (2021) NNANAY Y N Y Y Y N N Y 54.5
Gage et al. (2014) N Y Y Y Y N Y Y N Y Y 72.7
Gérdvik et al. (2020) NANAY Y Y N Y Y Y Y Y 72.7
Goodwin et al. (2004) NANAY Y Y N Y Y Y Y Y 72.7
Goodwin et al. (2013) NANAY Y Y N Y Y N N Y 54.5
Griesler et al. (2008) U Y Y Y Y N Y Y Y N Y 72.7
Griesler et al. (2011) NANAY Y Y N Y Y Y Y Y 72.7
Hu et al. (2012) N Y Y Y Y N Y Y Y Y Y 81.8
Hui et al. (2013) NANAY U N Y Y Y Y Y Y 63.6
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Isensee et al. (2003)
Johnson et al. (2000)
Jones et al. (2018)
Kalan et al. (2020)
Kendler et al. (2015)
King et al. (2004)
MacKie et al. (2011)
Marmorstein et al. (2010)
Marsden et al. (2019)
Moylan et al. (2013)
Mustonen et al. (2018)
Okeke et al. (2013)
Pedersen et al. (2009)
Purborini et al. (2021)
Raffetti et al. (2019)
Ranjit et al. (2019)
Ranyjit et al. (2019b*)
Savageet al. (2016)
Shete et al. (2017)
Smith et al. (2014)
Swendsen et al. (2010)
Tomita et al. (2018)
Trotta et al. (2020)
Ward et al. (2019)

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
Y Y

N/A N/A
N/A N/A
N/A N/A
N Y

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N Y

Uu Y

N/A N/A
U Y

N/A N/A
U Y

KK QK K8 KK KK <K K <K K K K K KK~ KKK

KK KK K8 CiK KK K K <K K < K <8 KK~ K <K
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e
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Y N Y Y Y Y Y 72.7 g
Y N Y Y Y Y Y 72.7 a
Y N Y Y Y U Y 63.6 ;
Y N Y Y N N Y 54.5 8
Y N U Y N U Y 455 §
8
Y N Y Y Y Y Y 72.7 o
U N Y Y N U Y 545 g
Y N Y Y Y N Y 63.6 5
Y N Y Y N U Y 545 g
Y N Y Y Y Y Y 72.7 2
Y N U Y Y Y Y 72.7 H
Y N Y Y N U Y 545 f
Y N Y Y N U Y 54.5 %I
Y Y Y Y Y Y Y 81.8 -
Y N Y Y Y Y Y 72.7 %
Y N Y Y Y Y Y 72.7 %
Y N Y Y N U Y 545 é
N N Y Y Y U Y 455 g
N N Y Y N U Y 36.4 c%
Y N Y Y Y Y Y 81.8 i
Y U Y Y Y Y Y 72.7
Y Y Y Y N U Y 63.6
Y N U Y Y Y Y 63.6
Y Y Y Y N U Y 72.7
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Weiser et al. (2004) NANAY Y Y Y U Y Y Y Y 72.7 s §
=
Wilens et al. (2016) N Y Y Y Y N Y Y N U Y 63.6 bt S
o =
Zammit et al. (2003) Y Y Y Y Y N U Y Y Y Y 81.8 5 m;
Zhang et al. (2018) N Y Y Y Y N Y Y Y U Y 72.7 %Qi
Pa' o
Total % 8.2 32.7 959 85.7 81.6 14.3 89.8 100.0 59.2 44.9 100.0 - %?DB
Note: *Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longlt‘atglgl twin study.
Y = Yes; N = No; U = Unclear; N/A = Not applicable. Q1 = Were the two groups similar and recruited from the same populatiof?2(® = Were the exposures measured similarly

to assign people to both exposed and unexposed groups?; Q3 = Was the exposure measured in a valid and reliable way?; QJE ere confounding factors identified?; Q5 =
Were strategies to deal with confounding factors stated?; Q6 = Were the groups/participants free of the outcome at the start of %h-g sudy (or at the moment of exposure)?; Q7 =
Were the outcomes measured in a valid and reliable way?; Q8 = Was the follow up time reported and sufficient to be long eno@l%fgr outcomes to occur?; Q9 = Was follow up
complete, and if not, were the reasons to loss to follow up described and explored?; Q10 = Were strategies to address 1ncompféte Bllow up utilized?; Q11 = Was appropriate
statistical analysis used?
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[oX
5 ER
6 Study Q1 Q2 Q3 Q4 Q5 Q6Q7 Q8 Q9 Q10 Q11 Score% 3 i
= W
7 Ahun et al. (2020) Y Y Y Y Y Uu u Y U Y Y 72.7 Sme
8 ® >SS
9 Cairns et al. (2014) Y Y Y Y Y UY Y Y Y Y 9009 < o
—=Q
1‘1) Chaiton et al. (2009) Y Y Y Y Y UU Y Y Y Y 818 %g N
)
12 Esmacelzadehetal. 2018) Y Y Y Y Y U U Y Y Y Y 818 53¢
R
12 Total % 100.0 100.0 100.0 100.0 100.0 0.0 25.0 100.0 75.0 100.0 100.0 - E% S
(oo
S 3
15 Qoo
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ABSTRACT

Objective: To investigate reciprocal temporal relationships between tobacco consumption
and psychological disorders for youth.

Design: Review

Data sources: Five databases (PubMed, Embase, Scopus, CINAHL, PsycINFO) on

26 September 2019 and updated on 11t May 2021, indexing tobacco, mental illness, and
longitudinal.

Study selection: Methods used consensus and multiple reviewers.

Interventions: Cohort studies (n=49) examining tobacco and selected psychological
disorders (depression, anxiety, bipolar, psychosis, borderline personality disorder) among
youth, and systematic reviews (n=4) of these relationships met inclusion criteria.

Primary and secondary outcome measures: Effect of tobacco on psychological disorders
and effect of psychological disorders on tobacco.

Data extraction and synthesis: Independent extraction by the first author and checked by
final author. Joanna Briggs Institute Critical Appraisal Tools were used for all studies.
Included studies had moderate-to-high appraisal scores. We synthesized findings using vote
counting for effect direction and descriptive data.

Results: Fifty-three studies were included in the review. Thirteen of 15 studies showed a
positive effect direction of tobacco on depression (p < .001). Six of 12 studies showed a
positive effect direction of depression on tobacco (p = .016). Six of eight studies showed a
positive effect direction of tobacco on anxiety (p = .016). Eleven of 18 studies showed a
positive effect direction of anxiety on tobacco (p = .003). No effect between tobacco and
bipolar, or tobacco and psychosis was found. No studies examined tobacco and borderline

personality disorder.
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Conclusions: Reciprocal relationships existed between tobacco and both depression and
anxiety for youth, though causality is unconfirmed. No positive effect direction was found
between tobacco and psychosis, perhaps because nicotine has conflicting effects on
psychosis. For other relationships examined, evidence was weak because of low numbers of

studies. More research to inform prevention and early intervention is needed.

PROSPERO Registration Number: CRD42020150457.

ARTICLE SUMMARY
Strengths and limitations of this study
o This review has synthesised, in-depth, 53 studies for evidence of the reciprocal
temporal relationships between tobacco consumption and psychological disorders for

youth.

o The review has performed an analysis of the quality of the studies and identified

knowledge gaps and methodological concerns that require further research.

e The included studies were very heterogeneous, preventing meta-analysis of the
results.

o Psychological disorders were classified into broad categories; however, it is possible
that young people’s experiences of these disorders differ in how they relate to tobacco

use.
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INTRODUCTION
Tobacco consumption is associated with a myriad of economic, social, and health problems
for young people [1]. One of the health problems associated with tobacco consumption is

psychological disorders, and their co-occurrence can dramatically worsen the overall clinical

course, physical health and psychosocial outcomes for the person [2-4]. Nicotine dependence

per se is a psychological disorder with comorbid conditions being common. Tobacco
contributes substantially to the reduced life expectancy observed among people who
experience mental health disorders. Furthermore, people living with mental illness have

shorter life expectancy than those without, and this is largely attributable to smoking-related

illnesses [5, 6]. Youth (10-24 years of age) with psychological disorders are overrepresented

among those who consume tobacco [7]. However, it is unclear if the relationship between
tobacco and psychological disorders is causal or merely associational. If the relationship is
indeed causal, the direction of this relationship is poorly understood [8]. Furthermore, it is
unclear whether the ‘tobacco-psychopathology’ relationship is different depending on the
specific type of psychological disorder experienced by the young person (e.g., perhaps

tobacco use causes depression but not anxiety).

Several reviews have attempted to evaluate the relationship between tobacco and
psychopathology [9-12], but these have several limitations including: 1) a lack of focus on
youth; 2) the sample is mostly or entirely from North America, 3) only a small number of
psychological disorders are examined; and 4) the existing studies and reviews are now quite
dated. Given these limitations, we sought to produce an updated review that focuses
specifically on youth and samples from a broader international population. Furthermore, we
included more psychological disorders to facilitate comparison: anxiety, depression, bipolar

disorder, psychosis, and borderline personality disorder. We chose these psychological
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disorder categories because they affect a substantial percentage of youth [13]. The broad
objective of our review was to examine the reciprocal temporal relationship between tobacco

consumption and the selected psychological disorders for youth.

METHODS
Eligibility criteria
The inclusion criteria were studies with: 1) a focus on adolescents and youth 10-24 years of
age; 2) systematic review of observational longitudinal studies OR observational longitudinal
studies conducted since most recent systematic review OR all longitudinal studies if there is
no relevant systematic review for the specific disorder; 3) measured tobacco consumption in
any form (e.g., smoking, smokeless, snus), 4) measured psychological disorder categories of
at least one of anxiety, depression, bipolar, psychosis, or borderline personality disorder; 5)
English language; and 6) published in a peer-reviewed journal. Under the anxiety category,
we included various types including social anxiety, panic, agoraphobia, and generalised
anxiety. Under the bipolar category we included mania as this symptom is mostly associated
with bipolar. Under the psychosis category we included schizophrenia and general psychotic
symptoms. We included ‘nicotine dependence’ as a measure of tobacco consumption because
these constructs are strongly related [14, 15]. Studies were excluded if the methods used
meant that tobacco consumption could not be distinguished from other drug use (e.g.,
cannabis) and if the population was very specific (e.g., pregnant women). Our search strategy
was based on advice from an expert University-based librarian and was also informed by
previous systematic reviews identified during the early formulation of the current study

[10,11].

Search strategy and study selection
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The original search was conducted by KM using PubMed, Embase, Scopus, CINAHL and
PsycINFO on 26™ September 2019 and updated by LM on 11t May 2021. Initial searches
were very broad and focused on keyword categories of tobacco and psychological disorders
(for more information see supplementary materials). The screening and review process were
managed within COVIDENCE software. After the initial search and de-duplication, JS and
SL shared the initial screening and full-text reviews. JS and SL then discussed any conflicts
in order to reach consensus about inclusion or exclusion. Where consensus could not be
reached or the decision remained uncertain, final eligibility was resolved by CM.

For the updated search SL and JS each screened all new titles/abstracts with CM resolving
conflicts, then SL did all full-text reviews, with JS checking 20% of excluded studies —
agreement was 100%.

[Figure 1: PRISMA flow diagram]

Quality assessment, data extraction and data synthesis

To assess the quality of the included studies, we used the Joanna Briggs Institute (JBI)
Critical Appraisal Tools for cohort studies and systematic reviews [16]. JS appraised all
studies while SL appraised a random sample of 20%. Data extraction was conducted by JS
and checked by SL in order to produce three tables: 1) Table S1 for descriptive information
about the cohort studies, 2) Table 1 for vote counting of the direction of effects for cohort
studies, and 3) Table 2 for descriptive information about the systematic reviews. For the
‘results’ column of Table S1, we extracted the most adjusted results in order to reduce the
risk of confounding.[17] We did vote counting for effect direction (Table 1; counting the
number of studies with positive vs negative effect direction) based on recent
recommendations by Cochrane on conducting synthesis without meta-analysis [18]. To use

this approach, we combined similar predictors (e.g., nicotine dependence, cigarette smoking,
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and other tobacco use combined into ‘tobacco’) and outcomes (e.g., social anxiety, panic, and
agoraphobia combined into ‘anxiety’) and classified effect direction as one of the following:
1) a positive/negative effect direction if at least 70% of findings showed consistency in this
direction, 2) a conflicting effect if consistency was less than 70%, or 3) an ‘unclear’ effect if
direction was not reported (for a similar method, see Thompson et al. [19]). For data
synthesis, we evaluated each relationship individually (e.g., tobacco>depression;
depression>tobacco; tobacco>anxiety etc; where the >’ symbol refers to the direction of the
relationship). In this synthesis, we attempted to integrate all information from both the cohort

and review studies (e.g., descriptive information and vote counting).

RESULTS
Publication dates of included studies
We found four systematic reviews for depression and tobacco in youth [9-11,20]. The most
recent of these reviews [20] included studies up to November 15t 2018. So, in order to be
comprehensive, we also collected depression cohort studies from 2018 onwards. We found
two systematic reviews for anxiety and tobacco in youth; but, given the low sample size of
anxiety studies in these reviews [11,20], we included anxiety cohort studies from any period.
We did not find any systematic reviews for bipolar, psychosis, or borderline personality and
tobacco in youth, so no publication date inclusion constraints were applied to studies

involving youth who experience these disorder categories.

Quality appraisal
As per the PRISMA flow diagram (Figure 1) [21], our search identified 49 cohort studies and
four systematic reviews, giving a total of 53 included studies. For the quality appraisal of

included studies, we converted scores on the JBI into percentages in order to facilitate
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interpretation. Higher percentage scores indicated higher quality studies, while a score < 50%
reflects low quality. For the cohort studies, there was a relatively low level of agreement
between the authors (66.2%), whereas the systematic reviews had comparatively high
agreement (84.1%). The main issues contributing to disagreement were different
interpretations of the JBI criteria, particularly for cohort questions one, four, five, and six, as

well as systematic review question four. These differences were resolved through discussion.

Overall, the included studies had moderate-to-high appraisal scores. The quality appraisal of
included cohort studies (n = 49) is displayed in Table S1 and in more detail in Supplementary
Table S2. Five of the cohort studies were classified as low quality, with the lowest score
being 36.4% [22, 23]. The remaining appraisal scores ranged from 45.5% to 81.8%, with four
studies scoring above 75% (i.e., high quality). In terms of common strengths, all studies
utilized a sufficient follow-up time (Q8) and appeared to use appropriate statistical analysis
(Q11). More than 89% of studies measured the exposures and outcomes in a valid and
reliable way (Q3 and Q7). Most studies addressed confounders appropriately (Q4 and Q5). In
terms of common weaknesses, only 14.3% of studies had samples that were free of the
outcome at first assessment (e.g., below cut-off on a depression scale; Q6). Only a small
minority of studies divided the sample into groups based on tobacco or psychological
symptoms in order to make baseline comparisons, and thus the studies scored very low on Q1
and Q2. Few studies (44.9%) clearly explained strategies to address incomplete follow-up

(Q10). These limitations should be considered when interpreting the review findings.

The quality appraisal of included review studies (n = 4) is displayed in Table 3 and

Supplementary Table S2. Three reviews were appraised as high quality with percentage

scores above 80%. In terms of strengths, all reviews met eight of the eleven criteria,
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including: stating the review question clearly and explicitly (Q1), selecting appropriate
inclusion criteria (Q2), utilizing a comprehensive search strategy (Q3 and Q4), using
appropriate criteria to appraise studies (Q5), using appropriate methods to combine studies
(Q8), and making evidence-based recommendations for policy/practice (Q10) as well as
future research directions (Q11). In terms of weaknesses, no reviews clearly stated that
critical appraisal was conducted by at least two reviewers independently (Q6), and only one

review clearly outlined methods to minimize errors in data extraction (Q7) [9].
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Overview of included cohort studies

As per Table S1, the vast majority of the 49 cohort studies were either from North America (n
=20, with 18 from USA) or Europe (n = 21). Most studies used a non-clinical youth sample
(n = 40), with the remaining nine using a clinical sample (youth in receipt of clinical mental
health services) or a pseudo-clinical sample (e.g., youth with elevated anxiety sensitivity).
Sample sizes ranged widely from 117 to 233,879 (M = 8162.53, Mdn = 14,000, SD =
33738.60). Youth age at baseline ranged from 6.2 to 23.5 (M = 16.09, SD = 3.59). Follow-up
periods with youth participants ranged from 1 to 27-years (M = 6.43, SD = 5.15). Of the 46
studies that provided this longitudinal follow-up information, the number of waves ranged
from 2 to 15 (M =3.93, SD = 2.40). In terms of the types of tobacco measures used,
numerous studies used a binary measure (n = 25; e.g., cigarette user vs non-user, nicotine
user vs non user), while others used a categorical (ordinal) measure (n = 22; e.g., non vs
moderate vs heavy smoker), while only five studies used a continuous measure. Nine studies
used ‘nicotine dependence’ as the tobacco-related measure, while five used ‘onset’ (e.g., age
of smoking onset), and four studies also included consumption of tobacco more broadly than
cigarettes (e.g., cigarillos, snus, smokeless tobacco). Twelve studies used multiple measures
of tobacco use. Only one study examined smoking-cessation as the tobacco-related variable.
Most studies (n = 30) used structured interviews with youth (e.g., WHM-CIDI, PLIKSi) to
assess the relevant psychological variable (e.g., anxiety), and a moderate number of studies (n
= 19) used self-report measures (e.g., PHQ-9, CESD). Only four studies used caregiver-report
(teacher or parent) and one study used peer-report. As shown in Table S1, there were zero
relevant studies found for BPD. The number of covariates included in analyses ranged from 1
to 19 (M = 6.69, SD =4.05). Common covariates included gender, age, SES, and other drug

use (e.g., cannabis and alcohol). Common limitations of the cohort studies included: only
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using two-waves, small sample sizes, not controlling for earlier levels of outcome or later

levels of predictor, small cell sizes, and unclear temporal ordering.

Overview of included systematic reviews

As per Table 3, one of the four systematic reviews only focused on youth from the USA and
Canada [11], while the other three did not have geographical constraints. Cairns et al. [9] and
Chaiton et al. [10] specified a target population age range, while Esmaeelzadeh et al. [11] and
Ahun et al. [20] broadly referred to “youth’. All reviews examined a variety of tobacco and
psychological measures, and all four examined the relationship between tobacco and
depression; whereas, only Esmaeelzadeh et al. [11] and Ahun et al. [20] also examined the
relationship between tobacco and anxiety. None of the other psychological disorder
categories were evaluated. Two of the reviews were limited by small sample sizes for anxiety

analyses [11,20].

Tobacco>depression

Fifteen cohort studies examined the effect of tobacco use on the development of depression in
youth, including only one with a clinical sample and eight with more than two waves. As
shown in Table 2, there was evidence that tobacco had an effect on depression, with 13 of 15
studies (86.7%) showing a positive effect direction (p <.001). Only one of these studies was
high quality (quality appraisal score > 75%), and this study found a positive effect direction.
Effect estimates for each cohort study are shown in Table 2. Additionally, three of the four
systematic reviews examined the effect of tobacco on depression and found a positive and

significant pooled estimate, as shown in Table 3.
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Authors (year) - country Tobacco>depression Depression>tobacco Tobacco>anxiety Anxiety>tobacco Tobacco>bipolar Bgpolaf3tobacco Tobacco>psychosis Psychosis>tobacco

Ajdacic-Gross et al. [24] (2009) - Switzerland
Ames et al. [25] (2018) - Canada
Berk et al. [26] (2010) - Australia
Bierhoff et al. [27] (2019) - USA
Borges et al. [28] (2018) - Mexico

Buchy et al. [29] (2014) - USA and Canada
Buchy et al. [30] (2015) - USA and Canada
Bulhdes et al. [31] (2020) - Portugal
Chen et al. [32] (2017) - USA
Crane et al. [33] (2021) - USA
Davies et al. [34] (2018) - UK
Ferdinand et al. [35] (2004) - Netherlands
Fonseca et al. [36] (2021) - Brazil
Gage et al. [37] (2014) - UK
Gardvik et al. [38] (2020) - Norway
Goodwin et al. [39] (2004) - New Zealand
Goodwin et al. [40] (2013) - Germany
Griesler et al. [41] (2008) - USA
Griesler et al. [42] (2011) - USA
Hu et al. [43] (2012) - USA

Hui et al. [44] (2013) - China

<> A
A A
A

Unclear
A
A
A
<> <>
A <> <>
<> <> A
A

<>
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Isensee et al. [45] (2003) - Germany
Johnson et al. [46] (2000) - USA
Jones et al. [47] (2018) - UK
Kalan et al. [48] (2020) - Lebanon
Kendler et al. [49] (2015) - Sweden
King et al. [50] (2004) - USA
MacKie et al. [51] (2011) - UK
Marmorstein et al. [52] (2010) - USA
Marsden et al. [53] (2019) - USA
Moylan et al. [54] (2013) - Norway
Mustonen et al. [55] (2018) - Finland
Okeke et al. [56] (2013) - USA
Pedersen et al. [57] (2009) - Norway
Purborini et al. [58] (2021) - Indonesia
Raffetti et al. [S9] (2019) - Sweden
Ranjit et al. [60] (2019) - Finland
Ranjit et al. [61] (2019b*) - Finland
Savage et al. [62] (2016) - Finland
Shete et al. [23] (2017) - USA
Smith et al. [63] (2014) - USA
Swendsen et al. [64] (2010) - USA
Tomita et al. [65] (2020) - South Africa

Trotta et al. [66] (2020) - UK
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Ward et al. [67] (2019) - USA and Canada
Weiser et al. [68] (2004) - Israel
Wilens et al. [69] (2016) - USA A
Zammit et al. [70] (2003) - Sweden

Zhang et al. [71] (2018) - Germany A

23

Note. A = positive effect direction; ¥ = negative effect direction; € » = conflicting effect directions; unclear = unclear effect direction.
*Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study.
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Depression>tobacco

Twelve cohort studies examined the effect of depression on development of tobacco use by
youth. None of these studies used clinical samples, and seven had more than two waves.
There was evidence that depression had an effect on tobacco use, with six of the twelve
studies (50.0%) showing a positive effect direction (p =.016). One of these studies was high
quality, and this study showed a positive effect direction. All of the systematic reviews
examined the effect of depression on tobacco and the three reviews that reported a pooled
estimate found a significant positive effect direction. The fourth review reported individual
study results and found that 85.7% of the included depression>tobacco studies had a

significant positive effect direction.

Tobacco>anxiety

Eight studies examined the effect of tobacco use on development of anxiety in youth. One of
these had a clinical sample, and six had more than two waves. Tobacco appeared to have an
effect on anxiety, with six of eight studies (75.0%) showing a positive effect direction (p =
.016). None of these studies were high quality. One systematic review examined the effect of
tobacco on anxiety and found a positive and significant effect, but this effect was based on

only one study.

Anxiety>tobacco

Eighteen studies examined the effect of anxiety on development tobacco use by youth. None
of these used a clinical sample, and 11 had more than two waves. Anxiety appeared to have
an effect on tobacco use, with 11 of 18 studies (61.1%) showing a positive effect direction (p
=.003). Two of these studies were high quality, and both showed a positive effect direction.

Two systematic reviews examined the effect of anxiety on tobacco use. One of these found a
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positive non-significant effect, while the other found a non-significant effect and did not
report the effect direction. However, both reviews only included one anxiety>tobacco study

and thus were extremely underpowered.

Tobacco>bipolar

Two studies examined the effect of tobacco use on development of bipolar in youth. Both of
these studies used clinical samples and had more than two waves. Tobacco did not appear to
have an effect on bipolar, with just one study (50%) showing a positive effect direction (p =

.500). Neither of these studies was high quality. No reviews examined the tobacco-bipolar

relationship.

Bipolar>tobacco

Three studies examined the effect of bipolar on development of tobacco use by youth. None
of these used a clinical sample, and one had more than two waves. Bipolar did not appear to
have an effect on tobacco use, with two studies (66.7%) showing a positive effect direction (p
=.250). One of the three studies was high quality, and this study showed a positive effect

direction. No reviews examined the bipolar-tobacco relationship.

Tobacco>psychosis

Twelve studies examined the effect of tobacco use on development of psychosis in youth.
Seven of these used a clinical or pseudo-clinical sample, and seven had more than two waves.
Tobacco use did not appear to have an effect on psychosis, with only six studies (50%)
showing a positive effect direction (p = .254). Only one of the twelve studies was high
quality, and this study showed a negative effect direction. No reviews examined the tobacco-

psychosis relationship.
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Various (e.g., ever
smoked; current

Various for
depression but mostly
CES-D; various for

Depression predicted tobacco use (OR =
1.22, CI = 1.09-1.37); tobacco use

Depression>tobacco (n = predicted depression (OR =1.87, CI =

7); tobacco>depression

1.23-2.85); anxiety did not predict

(n = 4); anxiety>tobacco tobacco use (OR = 1.38, CI = 0.83-2.29);

Low number of studies especially for
anxiety; only USA and Canada;

Target
population S
Authors and study Psychological Relationship/s g m
(year) designs (n) Tobacco measure/s measure/s examined (n) Result Quality store % Limitations
Six of the depression studies had a a 8.
Depression>tobacco (N significant association with cigarette =] No statistics reported, only
Ahun et al. Youth (n= = 7); anxiety>tobacco (N smoking, while the one anxiety study did o] significance of association; only one
[20] (2020)  43) Cigarette smoking ~ Unclear =1) not % %2 anxiety study examined;
Youth Tobacco associated with increased o
Cairns etal.  aged 12-18 depression with small effect size (r = .09, e @
[9] (2014) n=17) Any form Unclear Tobacco/depression CI=0.06-0.12) g'g Directionality unclear
Mostly 'smoking g_ (-_T;'
Non- onset' oc
clinical operationalised as gwj-;
youth aged ever having had a Tobacco>depression (n = Smoking predicted depression (PE = 1.73, 3@
Chaiton etal. 13-19 (n= 'puff or 'one Various but mostly  6); depression>tobacco  CI = 1.32-2.40); depression predicted 5 g Low number of tobacco>depression
[10](2009) 15) cigarette' CES-D (n=12) smoking (PE = 1.41, CI =1.21-1.63) 5~ studies
@ .
2
Youth =4
from USA %
Esmaecelzadeh and =5
etal. [11] Canada (N «
(2018) =17)

smoker; regular
smoker)

anxiety (e.g., SIAS,
DISC-1V)

(n = 1); tobacco>anxiety tobacco use predicted anxiety (OR = 1.88,

(=1

Cl=1.47-2.41)

o]
—

different types of anxiety pooled
together

Note: CES-D = Center for Epidemiology Depression Scale; CI = Confidence interval; DISC-IV = Diagnostic interview schedule for children, version IV; OR
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Psychosis>tobacco

Four studies examined the effect of psychosis on development of tobacco use by youth. None
of these used a clinical sample, and three had more than two waves. Psychosis did not appear
to have an effect on tobacco use, with two studies (50.0%) showing a positive effect direction
(p = .250). None of these studies were high quality, and no reviews examined the psychosis-

tobacco relationship.

DISCUSSION
The purpose of the current study was to review the reciprocal temporal relationships between
youth tobacco consumption and a group of psychological disorder categories including
depression, anxiety, bipolar, psychosis, and borderline personality disorder (BPD). This
review was justified because existing reviews: 1) are several years old, 2) have biased
samples, 3) only examine a narrow range of psychological disorders, and 4) lack a dedicated

focus on youth.

Synthesising the cohort and review studies, we found evidence that tobacco consumption
predicted the development of depression and anxiety for youth, but not bipolar or psychosis.
Tobacco might cause depression through certain biological mechanisms (e.g., decreasing the
cortisol response) and also by eliciting withdrawal symptoms of low mood [59]. However, it
is also possible that this longitudinal relationship is not causal. For example, the relationship
may become non-significant when certain confounders (e.g., familial and genetic factors) are
controlled for, as was found by Ranjit et al. [60,61]. Tobacco use might cause anxiety
because it elicits physiological symptoms for the young person similar to anxiety (e.g.,
shortness of breath, increased heart rate and blood pressure), which are then catastrophically

misinterpreted [45]. However, similar to depression, this relationship might be better
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explained by unmeasured confounders and may not be causal [54]. Also, it is important to

consider is that smoking exerts its adverse effects on a cumulative basis, which means that

higher exposure with increasing time will increase the risk of incident mental health events. If

specific outcomes do not occur in response to smoking due to restricted timeframe due to

younger age, it does not mean that a causal relationship per se can be excluded.

Hahad et al. [72] recently reviewed the evidence for smoking as a potential risk factor for
neuropsychiatric disorders such as depression, anxiety and psychosis, with the aim of
identifying central pathophysiological mechanisms that may contribute to these relationships.
Readers are referred to this review for a more comprehensive understanding of the evidence
for neuropsychiatric pathophysiology. Hahad et al. emphasise that oxidative stress or
inflammatory mediators associated with cigarette smoke can impair proper endothelial (vascular)
function essential for a healthy cardiovascular system, with implications for the function of other
bodily systems. They stress that prolonged oxidative stress combined with prolonged exposure

noxious chemicals from cigarette smoke can lead to chronic inflammation, and that consequent
structural and functional alterations in the central nervous system of individuals who smoke
may indeed increase the risk of these disorders and other chronic conditions. Hahad et al.
argue, however, that, ‘the relationship between smoking, oxidative stress, inflammation, and
neuropsychiatric diseases is not always clear. This stems from the fact that neuropsychiatric
diseases also increase the chance that a person will start-smoking, making the direction of
association difficult to establish’ (p.7278). Hahad et al. also remind us that psychiatric
disorders, ‘have strong link with chronic stress, which represents one of the most prominent
risk factors for their onset’ (p.7279), and that chronic stress is also featured in several chronic
conditions (e.g. cardiac and metabolic conditions) and can therefore intuitively increase the

risk of psychiatric disorders.
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Our synthesis of findings suggests that tobacco may not predict psychosis, which was notable
because numerous studies (n = 12) examined this relationship. Of the six studies that found a
positive effect direction, only one of these was a high-quality study [68], though several other
moderate quality studies also found a positive effect direction. Tobacco use may have failed
to predict psychosis because other confounders play a true causal role in the young person’s
experience of psychosis (e.g., other substance use; Ward et al.) [67]. Alternatively, it has been
hypothesised that nicotine could actually decrease negative psychotic symptoms, mediated by
an increase in dopamine [70]. Our sign test showed an overall lack of effect of tobacco on
bipolar, which contradicts past research that does propose a causal effect [73]. However, only
two included studies examined the effect of tobacco on bipolar, indicating that more

longitudinal research is needed on this topic.

A similar pattern of results was found when investigating reverse-causation. The presence of
both depression and anxiety predicted future tobacco use, potentially because people who
experience depression and anxiety may have a greater probability of using tobacco to self-
medicate (i.e., to try to reduce adverse symptoms; Swendsen et al. [64]. However, as with the
effect of tobacco on depression, these relationships may only exist until familial and genetic
confounders are controlled for [60,61]. Presence of psychosis may have failed to predict
tobacco use due to certain confounders (e.g., cannabis use) that better explain the variance in
tobacco use [47], but the number of studies that examined this relationship was minimal (n =
4). Similarly, according to the sign test, presence of bipolar did not have an overall effect on
tobacco use. However, only three studies examined this relationship, and one of these studies
was high quality and did find an effect. Hence, more longitudinal research is needed on this

question.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug

I T

e~ e~


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

30

There were several limitations to this review. Firstly, the included studies were very
heterogeneous, particularly with regard to sample size, sample nature (i.e., clinical vs non-
clinical), number and type of confounders, follow-up period, number of waves, and type of
statistics used. Due to this heterogeneity, we were unable to meta-analyse the results and
capture effect sizes. However, despite these constraints, we were still able to synthesise the
quantitative data using vote counting based on effect direction, which is current best practice
when meta-analysis is not possible, according to recent recommendations by Cochrane [18].
A second limitation is consideration of causation itself. For example, where tobacco use
precedes and predicts depression, it is conceivable that tobacco use is having an ‘effect’ on
depression, but it is also plausible that some other common factor/s may be causing both
disorders, and the temporal sequence is somewhat arbitrary. Further research is needed,
investigating to potential interplay of genetics and environmental factors that may act as
confounders. A third limitation was the way in which we classified psychological disorder
categories. For example, under the category of ‘anxiety’, we grouped various disorders
including panic, social anxiety, generalised anxiety, and agoraphobia. However, it is possible
that young people’s experiences of these disorders differ in how they relate to tobacco use.
For example, tobacco might have a greater effect on panic compared to social anxiety
because tobacco can cause impaired respiration which is more associated with panic
symptoms than social anxiety symptoms [46]. Also, we included mania under the bipolar
category; however, mania could be unipolar as well without depressive symptoms [74]. As
more research accumulates on tobacco and mental health, future reviews should distinguish

between sub-types of psychological disorder categories.
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Given the gap in the literature, future research should examine the reciprocal longitudinal
relationship between tobacco use and BPD. Additionally, more studies should be conducted
that investigate the relationship between tobacco, psychosis, and bipolar. Although there are
numerous studies on tobacco and both depression and anxiety, future research should
continue to examine confounders such as familial and genetic factors in order to strengthen

causal inferences.

The mechanisms underlying smoking and mental illnesses are complex and yet to be
thoroughly investigated and understood. In the meantime, a number of clinical implications
are apparent for addressing the health and socio-economic burdens of tobacco use which are
disproportionately high among people living with mental disorders. Addressing the uptake of
tobacco use by young people must remain a high priority as part of public health measures
targeting prevention and early intervention. This should include promoting greater awareness
of the links between smoking and the onset of neuropsychiatric disorders among youth, their
families, health and welfare professionals (particularly those working with at risk individuals
and families), school systems and the community. More concerted treatment and smoking
cessation support for young people must also be developed, made available and accessible,
with health messaging that is better matched to their help-seeking behaviours, peer networks,
and motivations for addressing smoking behaviours. Coupled with this, and in order to
prevent the longer-term harms of smoking, health professionals must be supported to gain
more skills and confidence to ask, advise and actively help young people with emerging and

existing psychological disorders who smoke to address their smoking.
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CONCLUSION
We found support for reciprocal relationships between tobacco and both depression and
anxiety for youth, though questions remain around whether these relationships are causal. In
contrast, we did not find overall evidence for a causal relationship between tobacco and
psychosis for this population, perhaps because nicotine has conflicting effects on the person’s
experience of psychosis. For the other relationships examined (tobacco>bipolar; bipolar
tobacco; psychosis>tobacco), evidence was weak because of low numbers of studies. Further
studies that examine the complexities of interactions between tobacco and mental health for
different diagnostic groups are needed to inform prevention, early intervention, treatment and
smoking cessation support for youth with comorbid psychological conditions and tobacco

use.
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Figure 1: PRISMA flow diagram
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DISC
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Tobacco>psychosis

Tobacco>depression;

tobacco>anxiety

Anxiety>tobacco

Bipolar>tobacco;

depression>tobacco; 0.9); all other results non-significant (ORs

anxiety>tobacco

Anxiety>tobacco;
tobacco>anxiety;

W1 cigarette use predicted psychotic
symptoms at W2 (OR = 1.77, Cl = 1.18-
2.66)

Smoking did not predict mood disorders
(RD% =-0.5, Cl = -3.0-2.6) but did
predict anxiety disorders (RD% = 4.5, Cl
=20-9.2)

Anxiety disorders were not associated
with nicotine dependence (OR = 1.46, CI
=0.93-2.29)

Any depressive disorder, any fear
disorder, GAD, and specific phobia were
associated with nicotine use (ORs ranged

from 1.1-5.7); any depressive disorder
predicted subsequent decreasing smoking
trajectory (OR = 1.7, Cl = 1.1-2.8); panic
disorder negatively predicted increasing
smoking trajectory (OR =0.1; Cl = 0.0-

ranged from 0.7-2.2)

Anxiety (OR = 1.0, Cl = 0.3-3.4) and
mood (OR =1.7, Cl = 0.8-3.7) disorder
did not predict nicotine dependence;
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at, 18; Family history of
Qjepression; mother's
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‘_”déﬁr%sion at age 12;
Pomaot disorder; peer
a@o&iems; bullied;
aan%t@; use; illicit drug
o alcohol use
o U)S%
5-@1@nic pain; any
s@n@idisorder; alcohol
@e@dmg use; age; SES
iﬂa@ntal change;
$ntarpgrental violence;
%ﬁa}_{abuse; physical
aBligg-garental history of
@crintnality, alcohol
oblefds, illicit drug use
d dgression/anxiety;
g lows self-esteem;
meuroBcism; quality of
Farental attachment;
Cfamly stress; early
ghyness; early conduct
pu:nble@s; early attention
ftoblems; gender; prior
Sibst&Ace dependence;
© corcurrent major
depréssion; affiliation

B witfPdeviant peers
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o O
n o
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>
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]
(@]
®
@nder;age;

Age; gnder; ethnicity;
dist&ptive disorder;
novel} seeking; age of

=

| @p anbl

Tobacco use not
measured at W2;
psychosis not measured

72.7 at W1; only 2-waves

Only 2-waves;
temporal ordering

72.7 unclear

Only 2-waves;
temporal ordering
unclear; specific
anxiety disorders not

72.7 specified

Difficult to interpret
results (e.g., depression
predicted binary
nicotine use but also
predicted decreasing
trajectory).

Individual disorders not
examined as
72.7 predictors/outcomes;

54.5
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year follow-up;

5-waves
Stratified 15.7(SD=1.4)
Griesler et al. sample of years of age; 2-
[42] (2011) - smoking youth year follow-up;
USA (n=814) 5-waves
Stratified
sample of 14.1(SD=1.4)

Hu et al. [43] lifetime youth  years of age; 7-
(2012) - smokers (n = year follow-up;
USA 877) 6-waves

cigarettes smoked
(0; 1; 2-5; 6-15;
16-25; 26-99;
100+); other
lifetime tobacco
use

Nicotine
dependence (zero
dependence
criterion vs one
dependence
criterion vs three
criteria; CIDI)

Nicotine
dependence (no
dependence
criteria vs early
onset/chronic
course vs early
onset/remission vs
late onset)
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nicotine dependence did not predict
anxiety (OR = 0.8, Cl = 0.3-2.0) and
mood (OR = 2.4, Cl = 0.5-10.7) disorder;
lifetime cigarettes smoked did not predict
anxiety (OR = 1.0, Cl = 0.9-1.0) and
mood (OR = 1.0, Cl = 0.9-1.0) disorder;
other lifetime tobacco use did not predict
anxiety (OR = 0.4, Cl = 0.2-1.0) and
mood (OR = 0.6, Cl = 0.1-2.7) disorder

depression>tobacco;
tobacco>depression

No specific psychological disorders
predicted one dependence criterion
(statistics now shown) and only panic
disorder predicted full (i.e., three)
dependence criteria (HR =2.2, Cl = 1.2-
3.9); nicotine dependence did not predict
any specific psychological disorders
(statistics not shown); anxiety disorder did
not predict first nicotine dependence
criterion (HR = 1.10, Cl = 0.78-1.55), but
did predict full nicotine dependence (HR
=1.68, Cl = 1.12-2.52); mood disorder did
not predict first nicotine dependence
criterion (HR = 1.16, Cl = 0.86-1.55) or
full nicotine dependence (HR =0.93, Cl =
0.63-1.38); one dependence criterion did
not predict anxiety (HR = 1.12, Cl = 0.52-
2.39) or mood (HR =1.10, Cl = 0.54-
2.26) disorder; full dependence criteria did
not predict anxiety (HR = 0.76, Cl = 0.23-
2.49) or mood (HR =1.82, Cl = 0.67-

DISC Tobacco>depression; 4.96) disorder

Anxiety disorder predicted chronic course,
early remission, and late onset nicotine
dependence (compared with none, ORs

ranged from 3.65-4.55); anxiety disorder
did not predict chronic course vs early

remission, chronic course vs late onset, or

early remission vs late onset (ORs ranged

DISC Anxiety>tobacco from 1.04-1.09)
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@set @smoking; initial
gensifRity to tobacco;
(g nunaber of lifetime
clgarettts smoked; other
lifdtimaxtobacco use; drug
c Epeer smoking;
s‘ﬁbﬁ moking; parent
‘_’: %3 king; parent
© gepm@ssion; parent
2 gehBquency; any
op%r@iatric disorder
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Gendef ethnicity; age of
Bnsetwof tobacco use;
ginitigl sensitivity to
dobacgo; alcohol and
gptheE]llicit drug use;
Rgrent@ducation; parent
) smréking; parent
3 depeession; parent
;—J‘del quency; ever
:tob%cco dependent

&ende®, ethnicity; onset
age offsnoking; smoked
S5+ proks per month;
‘gnax'ﬁum number of
o drigks per month;
rHfarijugha use; onset age
of martjuana; pleasant
init@ sensitivity to
tobacc@ parental nicotine
@pendence;
disrupf¥e/mood/anxiety
di&rder by W5
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short follow-up period;
variables not measured

at all waves

Individual disorders not

examined as

predictors/outcomes;
short follow-up period;
variables not measured

72.7 at all waves

Anxiety only measured

at W3 and WS5;
temporal ordering
81.8 unclear
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Hui et al.
[44] (2013) -
China

Isensee et al.
[45] (2003) -
Germany

Johnson et
al. [46]
(2000) -

USA

Jones et al.
[47] (2018) -
UK

Kalan et al.
[48] (2020) -
Lebanon

Kendler et al.
[49] (2015) -
Sweden

Youth with
psychosis (n =
1400)

Youth (n=
3021)

Youth (n =
688)

Youth (n =
3328)

Youth

waterpipe (N =

228) and
cigarette
smokers (N =
139)

Males from
conscript
registry (n =
233,879)

21.2(SD=3.4)

years of age; 3-

year follow-up;
3-waves

14-24 years of

age; 3.5-year

follow-up; 3-
waves

~16 years of age;
6-year follow-
up; 2-waves

13.9(SD=2.7)

years of age; 5-

year follow-up;
6-waves

14.3(SD=1.2)

years of age; 6-

year follow-up;
8-waves

18.5(SD =8.4)

years of age; 8-

year follow-up;
5-waves

Smoking status
(non-smoker vs
current smoker vs
ex-smoker)

Smoking quantity
(never vs
occasional vs non-
dependent regular
vs dependent
regular)

Smoking quantity
(less than 1-pack
per day vs more
than 1-pack per
day)

Cigarette use (yes
or no)

Nicotine
dependence initial
symptoms;
nicotine
dependence full
diagnosis

Smoking quantity
(none vs light vs

heavy)
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CGI-S

MCIDI/DIA-X

DISC

PLIKSI

DSS

Registry
diagnosis
(assessment
tool unclear)
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Tobacco>psychosis

Tobacco>anxiety;
anxiety>tobacco

Tobacco>anxiety;
anxiety>tobacco

Psychosis>tobacco;
tobacco>psychosis

Depression>tobacco

Tobacco>psychosis

Smoking predicted relapse of psychosis
(HR =1.42, Cl =1.15-1.76)

Smoking predicted future agoraphobia,
SAD, specific phobia, panic attacks
without disorder, and unspecified phobia
(ORs ranged from 2.4-3.7), but did not
predict panic disorder (ORs ranged from
0.1-3.6); no psychological disorders or
symptoms predicted smoking (ORs ranged
from 0.3-2.6)

Smoking predicted future agoraphobia,
GAD, and panic disorder (ORs ranged
from 5.53-15.58) but not SAD (OR =
0.44, Cl = 0.04-4.62); anxiety disorders
did not predict future smoking (statistics
unavailable)

Cigarette use did not predict subsequent
psychosis (ORs ranged from 0.73-1.78);
psychosis did not predict subsequent
cigarette use (ORs ranged from 0.86-1.60)

For waterpipe smokers, depression did not
predict initial nicotine dependence
symptoms (unadjusted HR =1.03, Cl =
0.98-1.09) but did predict full nicotine
dependence diagnosis (HR =1.13, Cl =
1.02-1.25). For cigarette smokers,
depression did not predict initial
dependence symptoms (unadjusted HR =
1.00, ClI = 0.94-1.06) or full nicotine
dependence diagnosis (unadjusted HR =
0.96, Cl = 0.85-1.09)

W1 and W2 light (vs no) smoking did not
predict subsequent schizophrenia (ORs
ranged from 1.60-1.62) but W3 did (OR =
1.77, Cl = 1.02-3.05); W1 and W3 heavy
(vs no) smoking did predict subsequent
schizophrenia (ORs ranged from 2.21-
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63.6

72.7

72.7

63.6

54.5

45.5

Difficulty defining
relapse; confounder of
stressful life events not

included

Small sample sizes for
certain disorders

Only 2-waves; small
sample sizes for certain
disorders

High attrition

Small sample size

Only male youth;
psychological disorder
assessment method
unclear
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King et al.
[50] (2004) - Youth twins (n
USA =1364)

Youth (n =409)
with elevated
hopelessness,

anxiety-
sensitivity,
MacKie et al. impulsivity and
[51] (2011) - sensation-
UK seeking

Marmorstein

etal. [52]
(2010) - Male youth (n
USA =503)
Marsden et
al. [53] University
(2019) - students (n =
USA 5236)
Moylan et al.
[54] (2013) -  Youth (n=
Norway 456)
Mustonen et
al. [55]
(2018) - Youth (n =
Finland 6081)

11 years of age;
3-year follow-
up; 2-waves

14.5 years of

age; 1.5-year

follow-up; 4-
waves

~6.2 years of

age; 14-year

follow-up; 15-
waves

21.0 (SD = 2.3)

years of age; 3-

year follow-up;
6-waves

14-15 years of
age; 4-year
follow-up; 3-
waves

15-16 years of
age; 15-year
follow-up;

Nicotine onset;
regular cigarette
use; daily nicotine
use DICA-R

Cigarette use (yes

or no) DIS
Age at first CBCL; TRF;
tobacco use YSR

Past 30-day use
and frequency of
use of cigarettes,

refillable e-
cigarettes,
disposable e-
cigarettes, hookah,
cigars (including
cigarillos and little
cigars), and

smokeless tobacco  CESD-10

Smoking status

(active vs non-

active) GADS

Cigarette quantity Registry

(non-smokers vs diagnoses

moderate [1-9  based on ICD-
cigarettes a day] vs 10 criteria
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Anxiety>tobacco;
tobacco>anxiety

Tobacco>psychosis

Anxiety>tobacco

Tobacco>depression

Tobacco>anxiety;
anxiety>tobacco

Tobacco>psychosis

2.39), but W2 did not (OR = 1.96, Cl =
0.95-4.06)

Using adjusted analyses, W1 MDD
predicted W2 nicotine onset (OR = 1.98,
Cl = 1.15-3.41), but using unadjusted
analyses did not predict regular cigarette
use or daily nicotine use (ORs ranged
from 0.83-1.94); using unadjusted
analyses, W1 separation anxiety disorder
and overanxious disorder did not predict
any of the outcomes (ORs ranged from
0.84-1.25)

W1 cigarette use did not predict persistent
psychotic trajectory (OR = 1.3, 0.3-5.1)
but did predict increasing psychotic
trajectory (OR =5.4, Cl = 1.5-20.1)

Both generalised (OR = 0.06, Cl = .02-

.17) and social anxiety (OR =0.06, Cl =

.02-.17) interacted with time to predict
earlier onset of tobacco use

For past 30-day use, significant predictors
of depression were cigarettes, refillable e-
cigarettes, and hookah (rate ratios ranged
from 1.01-1.03), but disposable e-
cigarettes, cigars, and smokeless tobacco
were non-significant (rate ratios ranged
from 1.00-1.10); for frequency of use,
significant predictors of depression were
cigarettes, refillable e-cigarettes, and
smokeless tobacco (rate ratios ranged
from 1.10-1.04), but disposable e-
cigarettes, cigars, and hookah were non-
significant (rate ratios ranged from 1.01-
1.05)

Active smoking in adolescence predicted
later anxiety (B = 0.17, p < .05);
adolescent anxiety did not predict later
smoking (statistics not presented)
Heavy smoking (HR =2.00, Cl = 1.13-
3.54) and number of daily cigarettes (OR
=1.05, Cl = 1.01-1.08) predicted later
psychosis; but moderate smoking did not
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Mother's education
Basgine psychotic
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substaBice use; parental
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Only 2-waves; anxiety
disorders assessed for
females only; variables

only measured at one

time point each; only
72.7 some analyses adjusted

Short follow-up; small
sample sizes in sub-
54.5 groups

Statistics unclear; only
63.6 male sample

University student
54.5 sample

Very small cell sizes;
relatively high SES of
participants; minimal
72.7 covariates
Number of waves
unclear; psychosis
diagnosis method
72.7 unclear
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Ranjit et al.
[61]
(2019b*) -
Finland

Savage et al.
[62] (2016) -
Finland

Shete et al.
[23] (2017) -
USA

Smith et al.
[63] (2014) -
USA

Swendsen et
al. [64]
(2010) -

USA

Tomita et al.
[65] (2020) -

South Africa

17.5 years of
age; 5-year
Youth twins (n  follow-up; 2-
= 4236) waves
12 years of age;
Youth twins (n  10-year follow-
=1906) up; 4-waves
Mexican 11.8(SD =0.8)
American years of age; 5-
youth (n = year follow-up;
1328) 2-waves

Sub-sample of
young adults

(precise N 18-29 years of
unclear, but age; 1-year
approximately ~ follow-up; 2-
14,000) waves

15-24 years of
age; 10-year
Youth (n = follow-up, 2-
5001) waves
Subsample of ~ 15-19 years of
youth without age; 7-year
depression (N follow-up; 4-
=4207) waves

Smoking status
(never vs ever)

Nicotine
dependence
symptoms

Smoking
escalation (yes or
no)

Smoking cessation
(yes or no)

Daily tobacco use
(yes or no);
nicotine
dependence (yes
or no)

Smoking cigarette
status (yes or no)

GBI

MPNI

STAS

AUDADIS-IV

CIDI

CESD-10

BMJ Open

Tobacco>depression;
depression>tobacco

Anxiety>tobacco

Anxiety>tobacco

Depression>tobacco;
anxiety>tobacco;
bipolar>tobacco

Depression>tobacco;
anxiety>tobacco;
bipolar>tobacco

Tobacco>depression

ul ‘1ybiAdoo Aq |

Smoking did not predict later depression
(OR =1.02, Cl = 0.92-1.14); depression &
did not predict later smoking (OR = 1.03,

0-Tc0z-uadolwag
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Sendgl; age; baseline

depi8ssion; shared

Sfamitial and genetic

Cl=091-1.17) ‘.?actolF_s“ between twins

S w

c [

nw Mmc
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. . n oo

Peer/teacher/parent-rated social anxiety = ®.n

did not predict future nicotine dependence g‘l@t& dependence at

(Bs ranged from -.15 to -.01)

oV BAd W3; gender

it

Gemig age; subjective
s&ia &atus; intention to
0 @/gigarette; peer
Anxiety predicted smoking escalation (OR ;%1 ing; parental
=1.03, Cl = 1.02-1.05) 32 Ssmoking
Compared to the longitudinal smoking a g
cessation rate of no-diagnosis (28.7), all & .~
longitudinal smoking cessation rates of o é;
those with past-year diagnoses were g m
significantly lower (ps < .001): SAD s-i’l
(13.8), agoraphobia (12.0), panic disorder « -

(14.5), specific phobia (20.3), GAD
(13.4), mania or hypomania (18.6), MDD
(17.6)

Among W1 non-daily tobacco users,
significant predictors of W2 onset of daily
use included any mood disorder, panic
disorder, SAD, specific phobia, GAD, and
any anxiety disorder (ORs ranged from
1.6-3.0), whereas MDD, bipolar,
agoraphabia, and separation anxiety were
non-significant (ORs ranged from 0.8-
1.8); among daily tobacco users,
significant predictors of W2 onset of
nicotine dependence included bipolar, any
mood disorder, agoraphobia, and
separation anxiety (ORs ranged from 1.9-
3.9), whereas MDD, panic disorder, SAD,
GAD, and any anxiety disorder were non-
significant (ORs ranged from 0.8-1.4)
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Smoking predicted depression for both ed
males (RR = 1.84, Cl = 1.18-2.88) and
females (RR = 2.47, Cl = 1.15-5.29)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ucafbon; employment

status; BBusehold income;
urban s rural residence

| @p anbiydeibo

Page 42 of 54

54.5 Minimal waves

Social anxiety only
measured at W1,
statistics unclear; low
internal reliability of
parent-rated social
455 anxiety

36.4 Minimal waves

Minimal waves; short
follow-up; change in
psychological diagnosis
unclear; symptom
81.8 severity not measured

72.7 Minimal waves

63.6 None noted
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Trotta et al.
[66] (2020) - Youth twins (n
UK =2232)
Youth at
clinical high
risk of
psychosis (N =
Ward et al. 587) and
[67] (2019) - healthy
USA and controls (N =
Canada 274)
Youth male
Weiser et al. military
[68] (2004) -  recruits (n =
Israel 14, 248)
Youth with
bipolar (N =
105) and youth
Wilens et al. controls
[69] (2016) - without bipolar
USA (N=98)
Zammit etal. Youth military
[70] (2003) -  recruits (n =
Sweden 50,087)

12 years of age;
6-year follow-
up; 2-waves

18.5 (4.3) years
of age for
clinical high
risk; 19.7 (4.7)
years of age for
controls; 2-year
follow-up;
waves unclear
but
approximately 3-
4

18 years of age;
10.2 (SD = 3.6)
year follow-up;
number of waves
unclear

13.6 (SD=2.5)
years of age for
bipolar, 13.7
(SD =2.1) years
of age for
controls; 5-year
follow-up; 3-
waves (but
unclear)

18-20 years of
age; 27-year
follow-up;
number of waves
unclear

Tobacco
dependence

Smoking level
(none vs light vs
heavy); smoking
status (never vs

ever)

Smoking status
(yes or no); daily
smoking quantity

(zero vs 1-9 vs

10+)

Cigarette smoking
(levels unclear)

Smoking quantity
(non-smokers vs
light smokers vs

medium smokers

vs heavy smokers)
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Structured
interview
created by

authors Psychosis>tobacco

SIPS Tobacco>psychosis

Registry
diagnoses
based on ICD-

10 criteria Tobacco>psychosis

KSADS-E;

SCID Tobacco>bipolar

Registry
diagnoses
based on ICD-
8 Tobacco>psychosis

Psychosis did not predict later tobacco
dependence (RR = 1.00, Cl = 0.57-1.75)

Light smoking (OR =0.90, Cl = 0.4-2.2),
heavy smoking (OR = 0.3, Cl = 0.05-2.3),
and status as ‘ever smoked' (HR = 1.16, CI
= 0.82-1.65) did not predict transition to
psychosis

Baseline binary smoking (RR = 1.94, Cl =
1.05-3.58) and daily smoking 10+
cigarettes (RR = 2.28, Cl = 1.19-4.34)
predicted later schizophrenia, but daily
smoking 1-9 cigarettes (RR = 1.38, Cl =
0.48-4.00) did not

Maintenance of smoking predicted bipolar
status at final follow-up (HR =3.2, Cl =
1.6-6.7); but smoking did not predict
persistence of bipolar (HR = 1.5, Cl =0.7-
3.2)

Smoking quantity negatively predicted
schizophrenia by final follow-up (HR =
0.8, Cl = 0.7-0.9), but did not predict
schizophrenia between 0-5 years from
baseline (HR = 0.9, Cl =0.7-1.1)
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63.6

72.7

72.7

63.6

81.8

Only 2-waves;

Some small cell counts;
number of waves
unclear

Inconsistent follow-up
periods; number of
waves unclear;
schizophrenia diagnosis
method unclear;
smoking only assessed
at baseline; only male
sample

Temporal ordering
unclear; small sample
size; number of waves

unclear; levels of
predictor unclear;
results unclear

Psychological disorder
diagnosis method
unclear; number of
waves unclear;
smoking only measured
at baseline
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= ©
>
g E Only females; minimal
21.0(SD=1.73) 2 BMB alcohol use; waves; short follow-up;
Zhang et al. years of age; Smoking did not predict incremental oholerelated problems; MDD and smoking
[71] (2018) - Female youth  1.5-year follow-  Smoking status variance in MDD (OR = 1.55, CI = 0.90- ysical activity; good measured as binary
Germany (n =3065) up; 2-waves (yes or no) DIMD-RV  Tobacco>depression 2.66) = ploysical health 72.7 variables

Note: All Cls (confidence intervals) were 95%. m
*Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study. 7
BMI = Body Mass Index; Cl = 95% confidence interval; Est. = Estimate; GAD = Generalised Anxiety Disorder; IRR = Incidence Rate Ratio; OR = odds ratio: SB\
status; U = Mann Whitney U Test. 2SR
AUDADIS-1V = Alcohol Use Disorder and Associated Disabilities Interview Schedule; BCFPI = Brief Child and Family Phone Interview; BDI-1I = Beck Degrassivh Inventory-11; BPRS-PS = Brief Psychiatric Rating
Scale; CBCL = Child Behavior Checklist; CES-DC = Center for Epidemiologic Studies Depressive symptoms Scale for Children; CESD = Center for Epidenﬁb%gtu Studies Depression Scale; CGI-S = Clinical Global
Impressions — Severity Scale; DAWBA = Development and Wellbeing Assessment; DICA-R = Diagnostic Interview for Children and Adolescents; DIMD-RE SOiagnostic Interview for Mental Disorders—Research
Version; DIS = Diagnostic Interview Schedule; DISC = Diagnostic Interview Schedule for Children; DSS = Depressive Symptoms Scale; FTND = Fagerstrorg gstfor Nicotine Dependence; GADS = Generalized
Anxiety Disorder Scale; GBI = General Behavior Inventory; KSADS-E = Kiddie Schedule for Affective Disorders-Epidemiologic Version; MCIDI/DIA-X :N@i -Composite International Diagnostic Interview ;
MPNI = Multidimensional Peer Nomination Inventory; MSI = Minnesota Smoking Index; PHQ-9 = Patient Health Questionnaire; PLIKSi = Psychosis-Like $ymptoms Interview; PLIKSi = Psychosis-like Symptoms
interview; RADS = Reynolds Adolescent Depression Scale; RCMAS = Revised Children’s Manifest Anxiety Scale; SCID = Scheduled Clinical Interview Dimyrﬁs& SCL-90 = Hopkins Symptom Checklist; SDQ =
Strengths and Difficulties Questionnaire; SIPS = Structured Interview for Prodromal Syndromes; SMFQ = Short Mood and Feelings Questionnaire; SOPS = for Assessment of Prodromal Symptoms; SPIKE =
Structured Psychopathological Interview and Rating of the Social Consequences of Psychological Disturbances for Epidemiology; STAS = Speilberger’s Traf; ty Scale; TFR = Teacher Report Form; WMH-CIDI
= World Mental Health Composite International Diagnostic Interview; YASR = Young Adult Self-Report; YSR = Youth Self-Report; ZSRAS = Zung Self-Rgimg xiety Scale.

= Social Anxiety Disorder; SES = socioeconomic
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7 Smoking Mental Illness Study type S me Number of results
8 “tobacco (“Anxiety Disorders”[mh] OR “Bipolar and Related “longitudinal”[ti% DR | 9089
?o smoking”[mh] OR Disorders”[mh] OR “Disruptive, Impulse Control, and “follow up”[tiabE@l%
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12 tobacco[tiab] OR OR “Feeding and Eating Disorders”[mh] OR “Mood “cohort”[tiab] 33 2
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18 Smz
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gg dissociat*[Title/Abstract] OR depersonali*[Title/Abstract] 2 o
34 OR pica[Title/Abstract] OR anorexia[Title/Abstract] OR >
35 bulimia[Title/Abstract] OR binge eating[Title/Abstract] OR 2
36 substance[Title/Abstract] OR posttraumatic[Title/Abstract] ®
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Embase: S &
Smoking Mental Iliness Study type filters§ S Number of
S ® results
“tobacco use”/exp (“anxiety disorder”/exp OR “mood “longitudinal:ti,ab | AND g TS 2306
OR tobacco:ti,ab OR disorder”/exp OR “behaviour disorder”/exp | OR [englisﬁglzlm
cigarette*:ti,ab OR OR “dissociative disorder”/exp OR “follow up”:ti,ab gg N
smoking:ti,ab OR “personality disorder”/exp OR OR AND =230
smoker*:ti,ab “Psychosis”/exp OR “drug dependence”/exp | “cohort”:ti,ab [emba%ﬁl%n
OR Adjustment disorder/de OR £
Neurosis/exp (includes dysthymia) OR %
Psychotrauma/de) S
>
o8}
OR m

(disorder:ti,ab OR mental:ti,ab OR
schizophreni*:ti,ab OR catatoni*:ti,ab OR
bipolar:ti,ab OR psychosis:ti,ab OR
psychotic:ti,ab OR depress*:ti,ab OR
Cyclothymi* :ti,ab OR Dysphori*:ti,ab OR
“selective mutism”:ti,ab OR
Trichotillomania:ti,ab OR dereali*:ti,ab OR
mood:ti,ab OR anxi*:ti,ab OR phobia:ti,ab
OR dysthymia:ti,ab OR manic:ti,ab OR
mania:ti,ab OR dissociat*:ti,ab OR
depersonali*:ti,ab OR pica:ti,ab OR
anorexia:ti,ab OR bulimia:ti,ab OR binge
eating:ti,ab OR substance:ti,ab OR
posttraumatic:ti,ab OR post-traumatic:ti,ab)
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BMJ Open

Pubmed mesh term

Emtree term

anxiety disorders

“anxiety disorder”/exp

Bipolar and Related Disorders

“mood disorder’’/exp

Disruptive, Impulse Control, and Conduct Disorders

“behaviour disorder”/exp

Dissociative Disorders

“dissociative disorder’/exp

Feeding and Eating Disorders

“behaviour disorder”/exp

Mood Disorders

“mood disorder”/exp

Personality Disorders

“personality disorder”/exp

Schizophrenia Spectrum and Other Psychotic
Disorders

“Psychosis’/exp

Substance-Related Disorders

“drug dependence”/exp

Trauma and Stressor Related Disorders

“anxiety disorder”/exp

Adjustment disorder/de
Neurosis/exp (includes dysthymia)
Psychotrauma/de
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o
BMJ Open s
o
2
é
PsycINFO: E
Smoking Mental IlIness Study type filters Number of
citations
(exp tobacco (exp Anxiety Disorders OR exp Bipolar Disorder | (longitudinal.ti,ab | eng 3648

smoking”OR
tobacco.ti,ab OR
cigarette$.ti,ab OR
smoking.ti,ab OR
smoker$.ti,ab)

OR exp Disruptive Behavior Disorders OR exp
Attention Deficit Disorder OR exp Dissociative
Disorders OR exp Eating Disorders OR exp
Affective Disorders OR exp Personality
Disorders OR exp Psychosis OR exp Substance
Related and Addictive Disorders OR exp Stress
and Trauma Related Disorders)

OR

(disorder.ti,ab OR mental.ti,ab OR
schizophreni$.ti,ab OR catatoni$.ti,ab OR
bipolar.ti,ab OR psychosis.ti,ab OR
psychotic.ti,ab OR depress$.ti,ab OR
Cyclothymi$ .ti,ab OR Dysphori$.ti,ab OR
selective mutism.ti,ab OR Trichotillomania.ti,ab
OR dereali$.ti,ab OR mood.ti,ab OR anxi$.ti,ab
OR phobia.ti,ab OR dysthymia.ti,ab OR
manic.ti,ab OR mania.ti,ab OR dissociat$.ti,ab
OR depersonali$.ti,ab OR pica.ti,ab OR
anorexia.ti,ab OR bulimia.ti,ab OR binge
eating.ti,ab OR substance.ti,ab OR
posttraumatic.ti,ab OR post-traumatic.ti,ab)

OR

Follow up.ti,ab
OR
cohort.ti,ab)
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Thesaurus terms:

BMJ Open

Pubmed mesh term

Psyc Info thesaurus term

anxiety disorders

exp Anxiety Disorders

Bipolar and Related Disorders

exp Bipolar Disorder

gunf €T U0 66%7550-T20Z-uadolwce

sug

Disruptive, Impulse Control, and Conduct Disorders

exp Disruptive Behavior Disorder

8

Attention Deficit Disorder

Dissociative Disorders

exp Dissociative Disorders

Feeding and Eating Disorders

exp Eating Disorders

Mood Disorders

exp Affective Disorders

Jjusawauf]

5

Personality Disorders

exp Personality Disorders

Schizophrenia Spectrum and Other Psychotic Disorders exp Psychosis

pue 1xp1 41 paresP gesn Joj Buipnjoul ‘ybikdoo Aq |

f2naadn

Substance-Related Disorders exp Substance Related and Addictiye Bisorders
Trauma and Stressor Related Disorders exp Stress and Trauma Related Dlﬁ)ﬁﬂ rs
S0
=
>
Scopus: s
Smoking Mental IlIness Study type @ Number of results
tobacco OR cigarette* OR disorder OR mental OR schizophreni* | longitudinal OR "follow upg 17,532
smoking OR smoker* OR catatoni* OR bipolar OR psychosis | OR cohort o
OR psychotic OR depress* OR 3
Select ‘article title, abstract, Cyclothymi* OR Dysphori* OR { Select “article title, abstracty
keyworks mutism} OR Trichotillomania OR keyworks 5]
dereali* OR mood OR anxi* OR 3
phobia OR dysthymia OR manic OR e
mania OR dissociat* OR depersonali* 3

OR pica OR anorexia OR bulimia OR
binge eating OR substance OR
posttraumatic OR post-traumatic

Select ‘article title, abstract, keyworks
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CINAHL: = 2
2 ©
Smoking Mental Iliness S@d)ﬁtype Number of
S w results
MH tobacco smoking+ OR TI MH Anxiety Disorders+ OR MH Bipolar Disorder+ OR MH TYagitudinal | 11,037
tobacco OR AB tobacco OR Tl | Impulse control disorders+ OR MH Social behaviour disorders+ O%@,g
cigarette* OR AB cigarette* OR | OR MH Mental Disorders Diagnosed in Childhood+ OR MH Iogggt_mdinal OR
T1 smoking OR AB smoking Dissociative Disorders+ OR MH Eating Disorders+ OR MH TIfgllow up OR
OR TI smoker* OR AB Affective Disorders+ OR MH Personality Disorders+ OR MH A§ ?tglow up
smoker* OR MH smoking+ Psychotic Disorders+ OR MH Substance Use Disorders+ OR Oﬁggfollow-up
MH Stress Disorders, Post-Traumatic+ OR Tl disorder OR AB | AB fallow-up
disorder OR T1 mental OR AB mental OR TI schizophreni* OR | OB T kcohort
AB schizophreni* OR TI catatoni* OR AB catatoni* OR TI Ogg% cohort

bipolar OR AB bipolar OR TI psychosis OR AB psychosis OR
TI psychotic OR AB psychotic OR TI depress* OR AB
depress* OR TI1 Cyclothymi* OR AB Cyclothymi* OR Tl
Dysphori* OR AB Dysphori* OR TI selective mutism OR AB
selective mutism OR TI Trichotillomania OR AB
Trichotillomania OR TI dereali* OR AB dereali* OR Tl mood
OR AB mood OR Tl anxi* OR AB anxi* OR Tl phobia OR AB
phobia OR TI dysthymia OR AB dysthymia OR Tl manic OR
AB manic OR Tl mania OR AB mania OR TI dissociat* OR
AB dissociat* OR TI depersonali* OR AB depersonali* OR Tl
pica OR AB pica OR TI anorexia OR AB anorexia OR Tl
bulimia OR AB bulimia OR TI binge eating OR AB binge
eating OR TI substance OR AB substance OR TI posttraumatic
OR AB posttraumatic OR TI post-traumatic OR AB post-
traumatic
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2 Pubmed mesh term Cinahl subject heading % S
s anxiety disorders Anxiety Disorders+ i ‘g"
6 Bipolar and Related Disorders Bipolar Disorder+ 3 e
7 Disruptive, Impulse Control, and Conduct Disorders Impulse control disorders+ é mg
8 Social behaviour disorders+ 223
9 Mental Disorders Diagnosed in ChifiBood+
1? Dissociative Disorders Dissociative Disorders+ gam
12 Feeding and Eating Disorders Eating Disorders+ 539
13 Mood Disorders Affective Disorders+ T
14 Personality Disorders Personality Disorders+ 238
15 Schizophrenia Spectrum and Other Psychotic Disorders Psychotic Disorders+ géé
1? Substance-Related Disorders Substance Use Disorders+ 28
18 Trauma and Stressor Related Disorders Stress Disorders, Post-Traumatic+§_Eg
19 g
;? Overview of results for search #2 on 11" May 2021 z 2

o ©
;g Database Result Date %1 g
2 Pubmed 1607 11/05/2021 & 3
25 CINAHL 1555 11/05/2021 5 3
2% Embase Not available to o 3
27 Flinders Library but 3 S
28 100% of Embase g g
29 content is available T 3
30 within Scopus and g =
31 th_erefore included in S §
32 this search a 9
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g‘S‘ Psycinfo 483 11/05/2021 3
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Table S2 — Quality appraisal scores for cohort studies (n = 49)

BMJ Open

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8

Q9 Q10 Q11 Score %

Study

Ajdacic-Gross et al. (2009) N/A
Ames et al. (2018) U
Berk et al. (2010) N/A
Bierhoff et al. (2019) N/A
Borges et al. (2018) N/A
Buchy et al. (2014) Y
Buchy et al. (2015) N
Bulhdes et al. (2020) N/A
Chen et al. (2017) N/A
Crane et al. (2021) N/A
Davies et al. (2018) Y
Ferdinand et al. (2004) N/A
Fonseca et al. (2021) N/A
Gage et al. (2014) N
Gardvik et al. (2020) N/A
Goodwin et al. (2004) N/A
Goodwin et al. (2013) N/A
Griesler et al. (2008) U
Griesler et al. (2011) N/A
Hu et al. (2012) N
Hui et al. (2013) N/A

N/A
Y

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

Y
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63.6
727
72.7
36.4
72.7
63.6
54.5
54.5
455
727
72.7
54.5
54.5
2.7
72.7
2.7
54.5
72.7
72.7
81.8
63.6
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Isensee et al. (2003)
Johnson et al. (2000)
Jones et al. (2018)
Kalan et al. (2020)
Kendler et al. (2015)
King et al. (2004)
MacKie et al. (2011)
Marmorstein et al. (2010)
Marsden et al. (2019)
Moylan et al. (2013)
Mustonen et al. (2018)
Okeke et al. (2013)
Pedersen et al. (2009)
Purborini et al. (2021)
Raffetti et al. (2019)
Ranjit et al. (2019)
Ranjit et al. (2019b%*)
Savageet al. (2016)
Shete et al. (2017)
Smith et al. (2014)
Swendsen et al. (2010)
Tomita et al. (2018)
Trotta et al. (2020)
Ward et al. (2019)

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A
U

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
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N/A

N/A

N/A
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ABSTRACT

Objective: To investigate reciprocal temporal relationships between tobacco consumption
and psychological disorders for youth.

Design: Review

Data sources: Five databases (PubMed, Embase, Scopus, CINAHL, PsycINFO) on

26 September 2019 and updated on 11t May 2021, indexing tobacco, mental illness, and
longitudinal.

Study selection: Methods used consensus and multiple reviewers.

Interventions: Cohort studies (n=49) examining tobacco and selected psychological
disorders (depression, anxiety, bipolar, psychosis, borderline personality disorder) among
youth, and systematic reviews (n=4) of these relationships met inclusion criteria.

Primary and secondary outcome measures: Effect of tobacco on psychological disorders
and effect of psychological disorders on tobacco.

Data extraction and synthesis: Independent extraction by the first author and checked by
final author. Joanna Briggs Institute Critical Appraisal Tools were used for all studies.
Included studies had moderate-to-high appraisal scores. We synthesized findings using vote
counting for effect direction and descriptive data.

Results: Fifty-three studies were included in the review. Thirteen of 15 studies showed a
positive effect direction of tobacco on depression (p < .001). Six of 12 studies showed a
positive effect direction of depression on tobacco (p = .016). Six of eight studies showed a
positive effect direction of tobacco on anxiety (p = .016). Eleven of 18 studies showed a
positive effect direction of anxiety on tobacco (p = .003). No effect between tobacco and
bipolar, or tobacco and psychosis was found. No studies examined tobacco and borderline

personality disorder.
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Conclusions: Reciprocal relationships existed between tobacco and both depression and
anxiety for youth, though causality is unconfirmed. No positive effect direction was found
between tobacco and psychosis, perhaps because nicotine has conflicting effects on
psychosis. For other relationships examined, evidence was weak because of low numbers of

studies. More research to inform prevention and early intervention is needed.

PROSPERO Registration Number: CRD42020150457.

ARTICLE SUMMARY
Strengths and limitations of this study
o This review has synthesised, in-depth, 53 studies for evidence of the reciprocal
temporal relationships between tobacco consumption and psychological disorders for

youth.

o The review has performed an analysis of the quality of the studies and identified

knowledge gaps and methodological concerns that require further research.

e The included studies were very heterogeneous, preventing meta-analysis of the
results.

o Psychological disorders were classified into broad categories; however, it is possible
that young people’s experiences of these disorders differ in how they relate to tobacco

use.
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INTRODUCTION
Tobacco consumption is associated with a myriad of economic, social, and health problems
for young people [1]. One of the health problems associated with tobacco consumption is

psychological disorders, and their co-occurrence can dramatically worsen the overall clinical

course, physical health and psychosocial outcomes for the person [2-4]. Nicotine dependence

per se is a psychological disorder with comorbid conditions being common. Tobacco
contributes substantially to the reduced life expectancy observed among people who
experience mental health disorders. Furthermore, people living with mental illness have

shorter life expectancy than those without, and this is largely attributable to smoking-related

illnesses [5, 6]. Youth (10-24 years of age) with psychological disorders are overrepresented

among those who consume tobacco [7]. However, it is unclear if the relationship between
tobacco and psychological disorders is causal or merely associational. If the relationship is
indeed causal, the direction of this relationship is poorly understood [8]. Furthermore, it is
unclear whether the ‘tobacco-psychopathology’ relationship is different depending on the
specific type of psychological disorder experienced by the young person (e.g., perhaps

tobacco use causes depression but not anxiety).

Several reviews have attempted to evaluate the relationship between tobacco and
psychopathology [9-12], but these have several limitations including: 1) a lack of focus on
youth; 2) the sample is mostly or entirely from North America, 3) only a small number of
psychological disorders are examined; and 4) the existing studies and reviews are now quite
dated. Given these limitations, we sought to produce an updated review that focuses
specifically on youth and samples from a broader international population. Furthermore, we
included more psychological disorders to facilitate comparison: anxiety, depression, bipolar

disorder, psychosis, and borderline personality disorder. We chose these psychological
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disorder categories because they affect a substantial percentage of youth [13]. The broad
objective of our review was to examine the reciprocal temporal relationship between tobacco

consumption and the selected psychological disorders for youth.

METHODS
Eligibility criteria
The inclusion criteria were studies with: 1) a focus on adolescents and youth 10-24 years of
age; 2) systematic review of observational longitudinal studies OR observational longitudinal
studies conducted since most recent systematic review OR all longitudinal studies if there is
no relevant systematic review for the specific disorder; 3) measured tobacco consumption in
any form (e.g., smoking, smokeless, snus), 4) measured psychological disorder categories of
at least one of anxiety, depression, bipolar, psychosis, or borderline personality disorder; 5)
English language; and 6) published in a peer-reviewed journal. Under the anxiety category,
we included various types including social anxiety, panic, agoraphobia, and generalised
anxiety. Under the bipolar category we included mania as this symptom is mostly associated
with bipolar. Under the psychosis category we included schizophrenia and general psychotic
symptoms. We included ‘nicotine dependence’ as a measure of tobacco consumption because
these constructs are strongly related [14, 15]. Studies were excluded if the methods used
meant that tobacco consumption could not be distinguished from other drug use (e.g.,
cannabis) and if the population was very specific (e.g., pregnant women). Our search strategy
was based on advice from an expert University-based librarian and was also informed by
previous systematic reviews identified during the early formulation of the current study

[10,11].

Search strategy and study selection
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The original search was conducted by KM using PubMed, Embase, Scopus, CINAHL and
PsycINFO on 26™ September 2019 and updated by LM on 11t May 2021. Initial searches
were very broad and focused on keyword categories of tobacco and psychological disorders
(for more information see supplementary materials). The screening and review process were
managed within COVIDENCE software. After the initial search and de-duplication, JS and
SL shared the initial screening and full-text reviews. JS and SL then discussed any conflicts
in order to reach consensus about inclusion or exclusion. Where consensus could not be
reached or the decision remained uncertain, final eligibility was resolved by CM.

For the updated search SL and JS each screened all new titles/abstracts with CM resolving
conflicts, then SL did all full-text reviews, with JS checking 20% of excluded studies —
agreement was 100%.

[Figure 1: PRISMA flow diagram]

Quality assessment, data extraction and data synthesis

To assess the quality of the included studies, we used the Joanna Briggs Institute (JBI)
Critical Appraisal Tools for cohort studies and systematic reviews [16]. JS appraised all
studies while SL appraised a random sample of 20%. Data extraction was conducted by JS
and checked by SL in order to produce three tables: 1) Table S1 for descriptive information
about the cohort studies, 2) Table 1 for vote counting of the direction of effects for cohort
studies, and 3) Table 2 for descriptive information about the systematic reviews. For the
‘results’ column of Table S1, we extracted the most adjusted results in order to reduce the
risk of confounding.[17] We did vote counting for effect direction (Table 1; counting the
number of studies with positive vs negative effect direction) based on recent
recommendations by Cochrane on conducting synthesis without meta-analysis [18]. To use

this approach, we combined similar predictors (e.g., nicotine dependence, cigarette smoking,
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and other tobacco use combined into ‘tobacco’) and outcomes (e.g., social anxiety, panic, and
agoraphobia combined into ‘anxiety’) and classified effect direction as one of the following:
1) a positive/negative effect direction if at least 70% of findings showed consistency in this
direction, 2) a conflicting effect if consistency was less than 70%, or 3) an ‘unclear’ effect if
direction was not reported (for a similar method, see Thompson et al. [19]). For data
synthesis, we evaluated each relationship individually (e.g., tobacco>depression;
depression>tobacco; tobacco>anxiety etc; where the >’ symbol refers to the direction of the
relationship). In this synthesis, we attempted to integrate all information from both the cohort

and review studies (e.g., descriptive information and vote counting).

RESULTS
Publication dates of included studies
We found four systematic reviews for depression and tobacco in youth [9-11,20]. The most
recent of these reviews [20] included studies up to November 15t 2018. So, in order to be
comprehensive, we also collected depression cohort studies from 2018 onwards. We found
two systematic reviews for anxiety and tobacco in youth; but, given the low sample size of
anxiety studies in these reviews [11,20], we included anxiety cohort studies from any period.
We did not find any systematic reviews for bipolar, psychosis, or borderline personality and
tobacco in youth, so no publication date inclusion constraints were applied to studies

involving youth who experience these disorder categories.

Quality appraisal
As per the PRISMA flow diagram (Figure 1) [21], our search identified 49 cohort studies and
four systematic reviews, giving a total of 53 included studies. For the quality appraisal of

included studies, we converted scores on the JBI into percentages in order to facilitate
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interpretation. Higher percentage scores indicated higher quality studies, while a score < 50%
reflects low quality. For the cohort studies, there was a relatively low level of agreement
between the authors (66.2%), whereas the systematic reviews had comparatively high
agreement (84.1%). The main issues contributing to disagreement were different
interpretations of the JBI criteria, particularly for cohort questions one, four, five, and six, as

well as systematic review question four. These differences were resolved through discussion.

Overall, the included studies had moderate-to-high appraisal scores. The quality appraisal of
included cohort studies (n = 49) is displayed in Table S1 and in more detail in Supplementary
Table S2. Five of the cohort studies were classified as low quality, with the lowest score
being 36.4% [22, 23]. The remaining appraisal scores ranged from 45.5% to 81.8%, with four
studies scoring above 75% (i.e., high quality). In terms of common strengths, all studies
utilized a sufficient follow-up time (Q8) and appeared to use appropriate statistical analysis
(Q11). More than 89% of studies measured the exposures and outcomes in a valid and
reliable way (Q3 and Q7). Most studies addressed confounders appropriately (Q4 and Q5). In
terms of common weaknesses, only 14.3% of studies had samples that were free of the
outcome at first assessment (e.g., below cut-off on a depression scale; Q6). Only a small
minority of studies divided the sample into groups based on tobacco or psychological
symptoms in order to make baseline comparisons, and thus the studies scored very low on Q1
and Q2. Few studies (44.9%) clearly explained strategies to address incomplete follow-up

(Q10). These limitations should be considered when interpreting the review findings.

The quality appraisal of included review studies (n = 4) is displayed in Table 2 and

Supplementary Table S2. Three reviews were appraised as high quality with percentage

scores above 80%. In terms of strengths, all reviews met eight of the eleven criteria,
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including: stating the review question clearly and explicitly (Q1), selecting appropriate
inclusion criteria (Q2), utilizing a comprehensive search strategy (Q3 and Q4), using
appropriate criteria to appraise studies (Q5), using appropriate methods to combine studies
(Q8), and making evidence-based recommendations for policy/practice (Q10) as well as
future research directions (Q11). In terms of weaknesses, no reviews clearly stated that
critical appraisal was conducted by at least two reviewers independently (Q6), and only one

review clearly outlined methods to minimize errors in data extraction (Q7) [9].
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Overview of included cohort studies

As per Table S1, the vast majority of the 49 cohort studies were either from North America (n
=20, with 18 from USA) or Europe (n = 21). Most studies used a non-clinical youth sample
(n = 40), with the remaining nine using a clinical sample (youth in receipt of clinical mental
health services) or a pseudo-clinical sample (e.g., youth with elevated anxiety sensitivity).
Sample sizes ranged widely from 117 to 233,879 (M = 8162.53, Mdn = 14,000, SD =
33738.60). Youth age at baseline ranged from 6.2 to 23.5 (M = 16.09, SD = 3.59). Follow-up
periods with youth participants ranged from 1 to 27-years (M = 6.43, SD = 5.15). Of the 46
studies that provided this longitudinal follow-up information, the number of waves ranged
from 2 to 15 (M =3.93, SD = 2.40). In terms of the types of tobacco measures used,
numerous studies used a binary measure (n = 25; e.g., cigarette user vs non-user, nicotine
user vs non-user), while others used a categorical (ordinal) measure (n = 22; e.g., non vs
moderate vs heavy smoker), while only five studies used a continuous measure. Nine studies
used ‘nicotine dependence’ as the tobacco-related measure, while five used ‘onset’ (e.g., age
of smoking onset), and four studies also included consumption of tobacco more broadly than
cigarettes (e.g., cigarillos, snus, smokeless tobacco). Twelve studies used multiple measures
of tobacco use. Only one study examined smoking-cessation as the tobacco-related variable.
Most studies (n = 30) used structured interviews with youth (e.g., WHM-CIDI, PLIKSi) to
assess the relevant psychological variable (e.g., anxiety), and a moderate number of studies (n
= 19) used self-report measures (e.g., PHQ-9, CESD). Only four studies used caregiver-report
(teacher or parent) and one study used peer-report. As shown in Table S1, there were zero
relevant studies found for BPD. The number of covariates included in analyses ranged from 1
to 19 (M = 6.69, SD =4.05). Common covariates included gender, age, SES, and other drug

use (e.g., cannabis and alcohol). Common limitations of the cohort studies included: only

19
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20

using two-waves, small sample sizes, not controlling for earlier levels of outcome or later

levels of predictor, small cell sizes, and unclear temporal ordering.

Overview of included systematic reviews

As per Table 2, one of the four systematic reviews only focused on youth from the USA and
Canada [11], while the other three did not have geographical constraints. Cairns et al. [9] and
Chaiton et al. [10] specified a target population age range, while Esmaeelzadeh et al. [11] and
Ahun et al. [20] broadly referred to “youth’. All reviews examined a variety of tobacco and
psychological measures, and all four examined the relationship between tobacco and
depression; whereas, only Esmaeelzadeh et al. [11] and Ahun et al. [20] also examined the
relationship between tobacco and anxiety. None of the other psychological disorder
categories were evaluated. Two of the reviews were limited by small sample sizes for anxiety

analyses [11,20].

Tobacco>depression

Fifteen cohort studies examined the effect of tobacco use on the development of depression in
youth, including only one with a clinical sample and eight with more than two waves. As
shown in Table 1, there was evidence that tobacco had an effect on depression, with 13 of 15
studies (86.7%) showing a positive effect direction (p <.001). Only one of these studies was
high quality (quality appraisal score > 75%), and this study found a positive effect direction.
Effect estimates for each cohort study are shown in Table S1. Additionally, three of the four
systematic reviews examined the effect of tobacco on depression and found a positive and

significant pooled estimate, as shown in Table 2.
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Table 1 - Vote counting of the direction of effects for cohort studies

-Tz0z-uadolwg

Authors (year) - country

Tobacco>depression Depression>tobacco Tobacco>anxiety Anxiety>tobacco Tobacco>bipolar

B

1 Uo 667550

ola

tobacco Tobacco>psychosis Psychosis>tobacco

Ajdacic-Gross et al. [24] (2009) - Switzerland
Ames et al. [25] (2018) - Canada
Berk et al. [26] (2010) - Australia
Bierhoff et al. [27] (2019) - USA
Borges et al. [28] (2018) - Mexico

Buchy et al. [29] (2014) - USA and Canada
Buchy et al. [30] (2015) - USA and Canada
Bulhdes et al. [31] (2020) - Portugal
Chen et al. [32] (2017) - USA
Crane et al. [33] (2021) - USA
Davies et al. [34] (2018) - UK
Ferdinand et al. [35] (2004) - Netherlands
Fonseca et al. [36] (2021) - Brazil
Gage et al. [37] (2014) - UK
Gardvik et al. [38] (2020) - Norway
Goodwin et al. [39] (2004) - New Zealand
Goodwin et al. [40] (2013) - Germany
Griesler et al. [41] (2008) - USA
Griesler et al. [42] (2011) - USA
Hu et al. [43] (2012) - USA

Hui et al. [44] (2013) - China

<> A
A A
A

Unclear
A
A
A
<> <>
A <> <>
<> <> A
A

<>

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

* (s3gy) Jnauadns juswaublasug

"salbojouyal Jejiwis pue ‘Bulurel) |y ‘Buluiw eyep pue 1xal 01 pale[al sasn &) Quipnjoul ‘1ybiAdoo Aq |
| @p anbiydeiboijqig aouaby 1 Gzoz ‘TT aunr uo Jwod fwqg uadolwagy/:dny woly papeojumoq ‘zzog aung

v

v

Unclear

21


http://bmjopen.bmj.com/

oNOYTULT D WN =

Isensee et al. [45] (2003) - Germany
Johnson et al. [46] (2000) - USA
Jones et al. [47] (2018) - UK
Kalan et al. [48] (2020) - Lebanon
Kendler et al. [49] (2015) - Sweden
King et al. [50] (2004) - USA
MacKie et al. [51] (2011) - UK
Marmorstein et al. [52] (2010) - USA
Marsden et al. [53] (2019) - USA
Moylan et al. [54] (2013) - Norway
Mustonen et al. [55] (2018) - Finland
Okeke et al. [56] (2013) - USA
Pedersen et al. [57] (2009) - Norway
Purborini et al. [58] (2021) - Indonesia
Raffetti et al. [S9] (2019) - Sweden
Ranjit et al. [60] (2019) - Finland
Ranjit et al. [61] (2019b*) - Finland
Savage et al. [62] (2016) - Finland
Shete et al. [23] (2017) - USA
Smith et al. [63] (2014) - USA
Swendsen et al. [64] (2010) - USA
Tomita et al. [65] (2020) - South Africa

Trotta et al. [66] (2020) - UK

BMJ Open
A
A
<>
<>
A
A
A
A
A
A
A A
A
A
A

<>

Unclear

<>

Unclear
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Ward et al. [67] (2019) - USA and Canada
Weiser et al. [68] (2004) - Israel
Wilens et al. [69] (2016) - USA A
Zammit et al. [70] (2003) - Sweden

Zhang et al. [71] (2018) - Germany A

23

Note. A = positive effect direction; ¥ = negative effect direction; € » = conflicting effect directions; unclear = unclear effect direction.
*Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study.
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Depression>tobacco

Twelve cohort studies examined the effect of depression on development of tobacco use by
youth. None of these studies used clinical samples, and seven had more than two waves.
There was evidence that depression had an effect on tobacco use, with six of the twelve
studies (50.0%) showing a positive effect direction (p =.016). One of these studies was high
quality, and this study showed a positive effect direction. All of the systematic reviews
examined the effect of depression on tobacco and the three reviews that reported a pooled
estimate found a significant positive effect direction. The fourth review reported individual
study results and found that 85.7% of the included depression>tobacco studies had a

significant positive effect direction.

Tobacco>anxiety

Eight studies examined the effect of tobacco use on development of anxiety in youth. One of
these had a clinical sample, and six had more than two waves. Tobacco appeared to have an
effect on anxiety, with six of eight studies (75.0%) showing a positive effect direction (p =
.016). None of these studies were high quality. One systematic review examined the effect of
tobacco on anxiety and found a positive and significant effect, but this effect was based on

only one study.

Anxiety>tobacco

Eighteen studies examined the effect of anxiety on development tobacco use by youth. None
of these used a clinical sample, and 11 had more than two waves. Anxiety appeared to have
an effect on tobacco use, with 11 of 18 studies (61.1%) showing a positive effect direction (p
=.003). Two of these studies were high quality, and both showed a positive effect direction.

Two systematic reviews examined the effect of anxiety on tobacco use. One of these found a

24
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positive non-significant effect, while the other found a non-significant effect and did not
report the effect direction. However, both reviews only included one anxiety>tobacco study

and thus were extremely underpowered.

Tobacco>bipolar

Two studies examined the effect of tobacco use on development of bipolar in youth. Both of
these studies used clinical samples and had more than two waves. Tobacco did not appear to
have an effect on bipolar, with just one study (50%) showing a positive effect direction (p =

.500). Neither of these studies was high quality. No reviews examined the tobacco-bipolar

relationship.

Bipolar>tobacco

Three studies examined the effect of bipolar on development of tobacco use by youth. None
of these used a clinical sample, and one had more than two waves. Bipolar did not appear to
have an effect on tobacco use, with two studies (66.7%) showing a positive effect direction (p
=.250). One of the three studies was high quality, and this study showed a positive effect

direction. No reviews examined the bipolar-tobacco relationship.

Tobacco>psychosis

Twelve studies examined the effect of tobacco use on development of psychosis in youth.
Seven of these used a clinical or pseudo-clinical sample, and seven had more than two waves.
Tobacco use did not appear to have an effect on psychosis, with only six studies (50%)
showing a positive effect direction (p = .254). Only one of the twelve studies was high
quality, and this study showed a negative effect direction. No reviews examined the tobacco-

psychosis relationship.
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Table 2 — Descriptive information about systematic reviews (n = 4)
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Various (e.g., ever
smoked; current

Various for
depression but mostly
CES-D; various for

Depression predicted tobacco use (OR =
1.22, CI = 1.09-1.37); tobacco use

Depression>tobacco (n = predicted depression (OR =1.87, CI =

7); tobacco>depression

1.23-2.85); anxiety did not predict

(n = 4); anxiety>tobacco tobacco use (OR = 1.38, CI = 0.83-2.29);

Low number of studies especially for
anxiety; only USA and Canada;

Target
population S
Authors and study Psychological Relationship/s g m
(year) designs (n) Tobacco measure/s measure/s examined (n) Result Quality store % Limitations
Six of the depression studies had a a 8.
Depression>tobacco (N significant association with cigarette =] No statistics reported, only
Ahun et al. Youth (n= = 7); anxiety>tobacco (N smoking, while the one anxiety study did o] significance of association; only one
[20] (2020)  43) Cigarette smoking ~ Unclear =1) not % %2 anxiety study examined;
Youth Tobacco associated with increased o
Cairns etal.  aged 12-18 depression with small effect size (r = .09, e @
[9] (2014) n=17) Any form Unclear Tobacco/depression CI=0.06-0.12) g'g Directionality unclear
Mostly 'smoking g_ (-_T;'
Non- onset' oc
clinical operationalised as gwj-;
youth aged ever having had a Tobacco>depression (n = Smoking predicted depression (PE = 1.73, 3@
Chaiton etal. 13-19 (n= 'puff or 'one Various but mostly  6); depression>tobacco  CI = 1.32-2.40); depression predicted 5 g Low number of tobacco>depression
[10](2009) 15) cigarette' CES-D (n=12) smoking (PE = 1.41, CI =1.21-1.63) 5~ studies
@ .
2
Youth =4
from USA %
Esmaecelzadeh and =5
etal. [11] Canada (N «
(2018) =17)

smoker; regular
smoker)

anxiety (e.g., SIAS,
DISC-1V)

(n = 1); tobacco>anxiety tobacco use predicted anxiety (OR = 1.88,

(=1

Cl=1.47-2.41)

o]
—

different types of anxiety pooled
together

Note: CES-D = Center for Epidemiology Depression Scale; CI = Confidence interval; DISC-IV = Diagnostic interview schedule for children, version IV; OR
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o
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Psychosis>tobacco

Four studies examined the effect of psychosis on development of tobacco use by youth. None
of these used a clinical sample, and three had more than two waves. Psychosis did not appear
to have an effect on tobacco use, with two studies (50.0%) showing a positive effect direction
(p = .250). None of these studies were high quality, and no reviews examined the psychosis-

tobacco relationship.

DISCUSSION
The purpose of the current study was to review the reciprocal temporal relationships between
youth tobacco consumption and a group of psychological disorder categories including
depression, anxiety, bipolar, psychosis, and borderline personality disorder (BPD). This
review was justified because existing reviews: 1) are several years old, 2) have biased
samples, 3) only examine a narrow range of psychological disorders, and 4) lack a dedicated

focus on youth.

Synthesising the cohort and review studies, we found evidence that tobacco consumption
predicted the development of depression and anxiety for youth, but not bipolar or psychosis.
Tobacco might cause depression through certain biological mechanisms (e.g., decreasing the
cortisol response) and also by eliciting withdrawal symptoms of low mood [59]. However, it
is also possible that this longitudinal relationship is not causal. For example, the relationship
may become non-significant when certain confounders (e.g., familial and genetic factors) are
controlled for, as was found by Ranjit et al. [60,61]. Tobacco use might cause anxiety
because it elicits physiological symptoms for the young person similar to anxiety (e.g.,
shortness of breath, increased heart rate and blood pressure), which are then catastrophically

misinterpreted [45]. However, similar to depression, this relationship might be better

27
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explained by unmeasured confounders and may not be causal [54]. Also, it is important to
consider is that smoking exerts its adverse effects on a cumulative basis, which means that
higher exposure with increasing time will increase the risk of incident mental health events. If
specific outcomes do not occur in response to smoking due to restricted timeframe due to

younger age, it does not mean that a causal relationship per se can be excluded.

Hahad et al. [72] recently reviewed the evidence for smoking as a potential risk factor for
neuropsychiatric disorders such as depression, anxiety and psychosis, with the aim of
identifying central pathophysiological mechanisms that may contribute to these relationships.
Readers are referred to this review for a more comprehensive understanding of the evidence
for neuropsychiatric pathophysiology. Hahad et al. emphasise that oxidative stress or
inflammatory mediators associated with cigarette smoke can impair proper endothelial
(vascular) function essential for a healthy cardiovascular system, with implications for the
function of other bodily systems. They stress that prolonged oxidative stress combined with
prolonged exposure noxious chemicals from cigarette smoke can lead to chronic
inflammation, and that consequent structural and functional alterations in the central nervous
system of individuals who smoke may indeed increase the risk of these disorders and other
chronic conditions. Hahad et al. argue, however, that, ‘the relationship between smoking,
oxidative stress, inflammation, and neuropsychiatric diseases is not always clear. This stems
from the fact that neuropsychiatric diseases also increase the chance that a person will start-
smoking, making the direction of association difficult to establish’ (p.7278). Hahad et al. also
remind us that psychiatric disorders, ‘have strong link with chronic stress, which represents
one of the most prominent risk factors for their onset’ (p.7279), and that chronic stress is also
featured in several chronic conditions (e.g., cardiac and metabolic conditions) and can

therefore intuitively increase the risk of psychiatric disorders.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 54

'saIfojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1Xa1 01 pale|al sasn 1o Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauladns juswaublaosug

I T

e~ e~


http://bmjopen.bmj.com/

Page 21 of 54

oNOYTULT D WN =

BMJ Open

29

Our synthesis of findings suggests that tobacco may not predict psychosis, which was notable
because numerous studies (n=12) examined this relationship. Of the six studies that found a
positive effect direction, only one of these was a high-quality study [68], though several other
moderate quality studies also found a positive effect direction. Tobacco use may have failed
to predict psychosis because other confounders play a true causal role in the young person’s
experience of psychosis (e.g., other substance use; Ward et al.) [67]. Alternatively, it has been
hypothesised that nicotine could actually decrease negative psychotic symptoms, mediated by
an increase in dopamine [70]. Our sign test showed an overall lack of effect of tobacco on
bipolar, which contradicts past research that does propose a causal effect [73]. However, only
two included studies examined the effect of tobacco on bipolar, indicating that more

longitudinal research is needed on this topic.

A similar pattern of results was found when investigating reverse-causation. The presence of
both depression and anxiety predicted future tobacco use, potentially because people who
experience depression and anxiety may have a greater probability of using tobacco to self-
medicate (i.e., to try to reduce adverse symptoms; Swendsen et al. [64]. However, as with the
effect of tobacco on depression, these relationships may only exist until familial and genetic
confounders are controlled for [60,61]. Presence of psychosis may have failed to predict
tobacco use due to certain confounders (e.g., cannabis use) that better explain the variance in
tobacco use [47], but the number of studies that examined this relationship was minimal (n =
4). Similarly, according to the sign test, presence of bipolar did not have an overall effect on
tobacco use. However, only three studies examined this relationship, and one of these studies
was high quality and did find an effect. Hence, more longitudinal research is needed on this

question.
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There were several limitations to this review. Firstly, the included studies were very
heterogeneous, particularly with regard to sample size, sample nature (i.e., clinical vs non-
clinical), number and type of confounders, follow-up period, number of waves, and type of
statistics used. Due to this heterogeneity, we were unable to meta-analyse the results and
capture effect sizes. However, despite these constraints, we were still able to synthesise the
quantitative data using vote counting based on effect direction, which is current best practice
when meta-analysis is not possible, according to recent recommendations by Cochrane [18].
A second limitation is consideration of causation itself. For example, where tobacco use
precedes and predicts depression, it is conceivable that tobacco use is having an ‘effect’ on
depression, but it is also plausible that some other common factor/s may be causing both
disorders, and the temporal sequence is somewhat arbitrary. Further research is needed,
investigating to potential interplay of genetics and environmental factors that may act as
confounders. A third limitation was the way in which we classified psychological disorder
categories. For example, under the category of ‘anxiety’, we grouped various disorders
including panic, social anxiety, generalised anxiety, and agoraphobia. However, it is possible
that young people’s experiences of these disorders differ in how they relate to tobacco use.
For example, tobacco might have a greater effect on panic compared to social anxiety
because tobacco can cause impaired respiration which is more associated with panic
symptoms than social anxiety symptoms [46]. Also, we included mania under the bipolar
category; however, mania could be unipolar as well without depressive symptoms [74]. As
more research accumulates on tobacco and mental health, future reviews should distinguish

between sub-types of psychological disorder categories.
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Given the gap in the literature, future research should examine the reciprocal longitudinal
relationship between tobacco use and BPD. Additionally, more studies should be conducted
that investigate the relationship between tobacco, psychosis, and bipolar. Although there are
numerous studies on tobacco and both depression and anxiety, future research should
continue to examine confounders such as familial and genetic factors in order to strengthen

causal inferences.

The mechanisms underlying smoking and mental illnesses are complex and yet to be
thoroughly investigated and understood. In the meantime, a number of clinical implications
are apparent for addressing the health and socio-economic burdens of tobacco use which are
disproportionately high among people living with mental disorders. Addressing the uptake of
tobacco use by young people must remain a high priority as part of public health measures
targeting prevention and early intervention. This should include promoting greater awareness
of the links between smoking and the onset of neuropsychiatric disorders among youth, their
families, health and welfare professionals (particularly those working with at risk individuals
and families), school systems and the community. More concerted treatment and smoking
cessation support for young people must also be developed, made available and accessible,
with health messaging that is better matched to their help-seeking behaviours, peer networks,
and motivations for addressing smoking behaviours. Coupled with this, and in order to
prevent the longer-term harms of smoking, health professionals must be supported to gain
more skills and confidence to ask, advise and actively help young people with emerging and

existing psychological disorders who smoke to address their smoking.
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CONCLUSION
We found support for reciprocal relationships between tobacco and both depression and
anxiety for youth, though questions remain around whether these relationships are causal. In
contrast, we did not find overall evidence for a causal relationship between tobacco and
psychosis for this population, perhaps because nicotine has conflicting effects on the person’s
experience of psychosis. For the other relationships examined (tobacco>bipolar; bipolar
tobacco; psychosis>tobacco), evidence was weak because of low numbers of studies. Further
studies that examine the complexities of interactions between tobacco and mental health for
different diagnostic groups are needed to inform prevention, early intervention, treatment and
smoking cessation support for youth with comorbid psychological conditions and tobacco

use.
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Figure 1: PRISMA flow diagram
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predict future cigarette frequency (Est. =
0.00, SE = 0.00, p = .35)

Psychosis (OR =1.11, Cl = 0.79-1.56) and
depression (OR = 1.23, Cl = 0.78-1.95) at
age 12 did not predict smoking at age 18

Auditory hallucinations at W2-5 predicted
tobacco use at W6 (ORs ranging from 2.0-
3.3); visual hallucinations were non-
significant predictors (results not shown)

Smoking did not predict depression for
males (unadjusted IRR = 1.04, Cl = 0.61-
1.76) or females (unadjusted IRR = 1.49,

C1=0.97-2.27)
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Small sub-group
sample sizes; smoking
only measured at W1;

63.6 only 2-waves

Small sub-group
sample sizes; all
participants were help-
seekers which may
54.5 limit external validity

Minimal covariates;
temporal ordering
54.5 unclear

Small sample size; high
455 attrition

72.7  Minimal covariates

Smoking only
measured at W3; high
72.7 attrition

Tobacco use not
54.5 measured at W1

Temporal ordering

unclear; no overall

statistics combining
54.5 genders
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Youth without

psychotic
Gageetal. experiencesat 16 years of age;
[37] (2014) - age 16 (n= 2-year follow-
UK 1573) up; 2-waves
Gardvik et 13-18 years of
al. [38] age; 3-year
(2020) - Youth (n = follow-up; 2-
Norway 717) waves
Goodwin et
al. [39] 18-years of age;
(2004) - New  Youth (n= 2-year follow-
Zealand 1000) up; 2-waves
Goodwin et 14-24 years of
al. [40] age; 10-year
(2013) - Youth (n = follow-up; 4-
Germany 3021) waves
Griesler et al.
[41] (2008) -  Youth (n = 15.7 (SD =1.4)
USA 1039) years of age; 2-

Cigarette quantity
(non-smoker vs
experimenter vs

weekly smoker vs

daily smoker)

Smoking status
(yes or no)

Nicotine
dependence
(survey
constructed based
on DSM-IV
criteria)

Nicotine use (yes
or no) and

smoking trajectory

(non-user vs
increasing use vs
decreasing use vs

persistent use;
MCIDI/DIA-X)

Nicotine
dependence
(CIDI); lifetime
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PLIKSI Tobacco>psychosis
K-SADS;  Tobacco>depression;
DAWBA tobacco>anxiety

WMH-CIDI Anxiety>tobacco

Bipolar>tobacco;
depression>tobacco;

MCIDI/DIA-X  anxiety>tobacco

Anxiety>tobacco;

DISC tobacco>anxiety;

W1 cigarette use predicted psychotic
symptoms at W2 (OR = 1.77, Cl = 1.18-
2.66)

Smoking did not predict mood disorders
(RD% = -0.5, Cl =-3.0-2.6) but did
predict anxiety disorders (RD% = 4.5, Cl
=2.0-9.2)

Anxiety disorders were not associated
with nicotine dependence (OR = 1.46, CI
=0.93-2.29)

Any depressive disorder, any fear
disorder, GAD, and specific phobia were
associated with nicotine use (ORs ranged

from 1.1-5.7); any depressive disorder
predicted subsequent decreasing smoking
trajectory (OR = 1.7, Cl = 1.1-2.8); panic
disorder negatively predicted increasing
smoking trajectory (OR = 0.1; Cl =0.0-
0.9); all other results non-significant (ORs
ranged from 0.7-2.2)

Anxiety (OR = 1.0, Cl =0.3-3.4) and
mood (OR = 1.7, Cl = 0.8-3.7) disorder
did not predict nicotine dependence;
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ueroy of cigarette use

Tobacco use not
measured at W2;
psychosis not measured

72.7 at W1; only 2-waves

Only 2-waves;
temporal ordering

72.7 unclear

Only 2-waves;
temporal ordering
unclear; specific
anxiety disorders not

72.7 specified

Difficult to interpret
results (e.g., depression
predicted binary
nicotine use but also
predicted decreasing
trajectory).
Individual disorders not

examined as
72.7 predictors/outcomes;

54.5
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year follow-up;

5-waves

Stratified 15.7(SD=1.4)

Griesler et al. sample of years of age; 2-

[42] (2011) - smoking youth  year follow-up;
USA (n=814) 5-waves

Stratified

sample of 14.1(SD=1.4)

Huetal. [43] lifetime youth years of age; 7-

(2012) - smokers (n=  year follow-up;
USA 877) 6-waves

cigarettes smoked
(0; 1; 2-5; 6-15;
16-25; 26-99;
100+); other
lifetime tobacco
use

Nicotine
dependence (zero
dependence
criterion vs one
dependence
criterion vs three
criteria; CIDI)

Nicotine
dependence (no
dependence
criteria vs early
onset/chronic
course vs early
onset/remission vs
late onset)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

DISC

DISC
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depression>tobacco;
tobacco>depression

Tobacco>depression;

Anxiety>tobacco

nicotine dependence did not predict
anxiety (OR = 0.8, Cl = 0.3-2.0) and
mood (OR = 2.4, Cl = 0.5-10.7) disorder;
lifetime cigarettes smoked did not predict
anxiety (OR = 1.0, Cl = 0.9-1.0) and
mood (OR = 1.0, Cl = 0.9-1.0) disorder;
other lifetime tobacco use did not predict
anxiety (OR = 0.4, Cl = 0.2-1.0) and
mood (OR = 0.6, Cl = 0.1-2.7) disorder

No specific psychological disorders
predicted one dependence criterion
(statistics now shown) and only panic
disorder predicted full (i.e., three)
dependence criteria (HR = 2.2, Cl = 1.2-
3.9); nicotine dependence did not predict
any specific psychological disorders
(statistics not shown); anxiety disorder did
not predict first nicotine dependence
criterion (HR = 1.10, CI = 0.78-1.55), but
did predict full nicotine dependence (HR
=1.68, Cl = 1.12-2.52); mood disorder did
not predict first nicotine dependence
criterion (HR = 1.16, Cl = 0.86-1.55) or
full nicotine dependence (HR =0.93, CI =
0.63-1.38); one dependence criterion did
not predict anxiety (HR = 1.12, Cl = 0.52-
2.39) or mood (HR =1.10, Cl = 0.54-
2.26) disorder; full dependence criteria did
not predict anxiety (HR = 0.76, Cl = 0.23-
2.49) or mood (HR =1.82, Cl = 0.67-
4.96) disorder

Anxiety disorder predicted chronic course,
early remission, and late onset nicotine
dependence (compared with none, ORs

ranged from 3.65-4.55); anxiety disorder
did not predict chronic course vs early
remission, chronic course vs late onset, or
early remission vs late onset (ORs ranged
from 1.04-1.09)
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72.7

81.8

short follow-up period;
variables not measured
at all waves

Individual disorders not
examined as
predictors/outcomes;
short follow-up period;
variables not measured
at all waves

Anxiety only measured
at W3 and W5;
temporal ordering
unclear
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Hui et al.
[44] (2013) -
China

Isensee et al.
[45] (2003) -
Germany

Johnson et
al. [46]
(2000) -

USA

Jones et al.
[47] (2018) -
UK

Kalan et al.
[48] (2020) -
Lebanon

Kendler et al.
[49] (2015) -
Sweden

Youth with
psychosis (n =
1400)

Youth (n =
3021)

Youth (n =
688)

Youth (n =
3328)

Youth

waterpipe (N =

228) and
cigarette
smokers (N =
139)

Males from
conscript
registry (n =
233,879)

21.2(SD=3.4)

years of age; 3-

year follow-up;
3-waves

14-24 years of

age; 3.5-year

follow-up; 3-
waves

~16 years of age;
6-year follow-
up; 2-waves

13.9(SD =2.7)

years of age; 5-

year follow-up;
6-waves

143(SD=1.2)

years of age; 6-

year follow-up;
8-waves

18.5 (SD = 8.4)

years of age; 8-

year follow-up;
5-waves

Smoking status
(non-smoker vs
current smoker vs
ex-smoker)

Smoking quantity
(never vs
occasional vs non-
dependent regular
vs dependent
regular)

Smoking quantity
(less than 1-pack
per day vs more
than 1-pack per

day)

Cigarette use (yes
or no)

Nicotine
dependence initial
symptoms;
nicotine
dependence full
diagnosis

Smoking quantity
(none vs light vs
heavy)
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CGI-S

MCIDI/DIA-X

DISC

PLIKSi

DSS

Registry
diagnosis
(assessment
tool unclear)
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Tobacco>psychosis

Tobacco>anxiety;
anxiety>tobacco

Tobacco>anxiety;
anxiety>tobacco

Psychosis>tobacco;
tobacco>psychosis

Depression>tobacco

Tobacco>psychosis

Smoking predicted relapse of psychosis
(HR = 1.42, Cl = 1.15-1.76)

Smoking predicted future agoraphobia,
SAD, specific phobia, panic attacks
without disorder, and unspecified phobia
(ORs ranged from 2.4-3.7), but did not
predict panic disorder (ORs ranged from
0.1-3.6); no psychological disorders or
symptoms predicted smoking (ORs ranged
from 0.3-2.6)

Smoking predicted future agoraphobia,
GAD, and panic disorder (ORs ranged
from 5.53-15.58) but not SAD (OR =
0.44, Cl = 0.04-4.62); anxiety disorders
did not predict future smoking (statistics
unavailable)

Cigarette use did not predict subsequent
psychosis (ORs ranged from 0.73-1.78);
psychosis did not predict subsequent
cigarette use (ORs ranged from 0.86-1.60)

For waterpipe smokers, depression did not
predict initial nicotine dependence
symptoms (unadjusted HR = 1.03, CI =
0.98-1.09) but did predict full nicotine
dependence diagnosis (HR =1.13, Cl =
1.02-1.25). For cigarette smokers,
depression did not predict initial
dependence symptoms (unadjusted HR =
1.00, Cl = 0.94-1.06) or full nicotine
dependence diagnosis (unadjusted HR =
0.96, Cl = 0.85-1.09)

W1 and W2 light (vs no) smoking did not
predict subsequent schizophrenia (ORs
ranged from 1.60-1.62) but W3 did (OR =
1.77, Cl = 1.02-3.05); W1 and W3 heavy
(vs no) smoking did predict subsequent
schizophrenia (ORs ranged from 2.21-
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63.6

72.7

72.7

63.6

54.5

45.5

Difficulty defining
relapse; confounder of
stressful life events not

included

Small sample sizes for
certain disorders

Only 2-waves; small
sample sizes for certain
disorders

High attrition

Small sample size

Only male youth;
psychological disorder
assessment method
unclear
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King et al.
[50] (2004) - Youth twins (n
USA =1364)

Youth (n =409)
with elevated
hopelessness,

anxiety-
sensitivity,
MacKie et al. impulsivity and
[51] (2011) - sensation-
UK seeking

Marmorstein

et al. [52]
(2010) - Male youth (n
USA =503)
Marsden et
al. [53] University
(2019) - students (n =
USA 5236)
Moylan et al.
[54] (2013) -  Youth (n=
Norway 456)
Mustonen et
al. [55]
(2018) - Youth (n =
Finland 6081)

11 years of age;
3-year follow-
up; 2-waves

14.5 years of

age; 1.5-year

follow-up; 4-
waves

~6.2 years of

age; 14-year

follow-up; 15-
waves

21.0(SD =2.3)

years of age; 3-

year follow-up;
6-waves

14-15 years of
age; 4-year
follow-up; 3-
waves

15-16 years of
age; 15-year
follow-up;

Nicotine onset;
regular cigarette
use; daily nicotine
use DICA-R

Cigarette use (yes

0or no) DIS
Age at first CBCL; TRF;
tobacco use YSR

Past 30-day use
and frequency of
use of cigarettes,

refillable e-
cigarettes,
disposable e-
cigarettes, hookah,
cigars (including
cigarillos and little
cigars), and

smokeless tobacco CESD-10

Smoking status

(active vs non-

active) GADS

Cigarette quantity Registry

(non-smokers vs diagnoses

moderate [1-9  based on ICD-
cigarettes a day] vs 10 criteria
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Anxiety>tobacco;
tobacco>anxiety

Tobacco>psychosis

Anxiety>tobacco

Tobacco>depression

Tobacco>anxiety;
anxiety>tobacco

Tobacco>psychosis

2.39), but W2 did not (OR = 1.96, Cl =
0.95-4.06)

Using adjusted analyses, W1 MDD
predicted W2 nicotine onset (OR = 1.98,
Cl = 1.15-3.41), but using unadjusted
analyses did not predict regular cigarette
use or daily nicotine use (ORs ranged
from 0.83-1.94); using unadjusted
analyses, W1 separation anxiety disorder
and overanxious disorder did not predict
any of the outcomes (ORs ranged from
0.84-1.25)

W1 cigarette use did not predict persistent
psychotic trajectory (OR = 1.3, 0.3-5.1)
but did predict increasing psychotic
trajectory (OR = 5.4, Cl = 1.5-20.1)

Both generalised (OR = 0.06, Cl = .02-

.17) and social anxiety (OR = 0.06, Cl =

.02-.17) interacted with time to predict
earlier onset of tobacco use

For past 30-day use, significant predictors
of depression were cigarettes, refillable e-
cigarettes, and hookah (rate ratios ranged
from 1.01-1.03), but disposable e-
cigarettes, cigars, and smokeless tobacco
were non-significant (rate ratios ranged
from 1.00-1.10); for frequency of use,
significant predictors of depression were
cigarettes, refillable e-cigarettes, and
smokeless tobacco (rate ratios ranged
from 1.10-1.04), but disposable e-
cigarettes, cigars, and hookah were non-
significant (rate ratios ranged from 1.01-
1.05)

Active smoking in adolescence predicted
later anxiety (B = 0.17, p <.05);
adolescent anxiety did not predict later
smoking (statistics not presented)
Heavy smoking (HR =2.00, Cl = 1.13-
3.54) and number of daily cigarettes (OR
=1.05, Cl = 1.01-1.08) predicted later
psychosis; but moderate smoking did not
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Only 2-waves; anxiety
disorders assessed for
females only; variables

only measured at one

time point each; only
72.7 some analyses adjusted

Short follow-up; small
sample sizes in sub-
54.5 groups

Statistics unclear; only
63.6 male sample

University student
54.5 sample

Very small cell sizes;
relatively high SES of
participants; minimal
72.7 covariates
Number of waves
unclear; psychosis
diagnosis method
72.7 unclear
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number of waves

unclear

Mexican 11-13 years of
Okeke et al. American age; 5-year
[56] (2013) -  youth (N = follow-up; 3-
USA 1328) waves
Pedersen et
al. [57] 13 years of age;
(20009) - Youth (n = 13-year follow-
Norway 1501) up; 4-waves
Purborini et 17.0(SD=1.4)
al. [58] years of age; 7-
(2021) - Youth (n = year follow-up;
Indonesia 1960) 2-waves
Raffetti etal. High school 13 years of age;
[59] (2019) - students (n=  1-year follow-
Sweden 3959) up; 2-waves
Ranjit et al. 14 years of age;
[60] (2019) - Youth twins (n  3-year follow-
Finland =4152) up; 2-waves

heavy [greater
than 10 cigarettes
a day]); number of
daily cigarettes
smoked; age of
smoking onset

Smoking status
(never vs puffer
[tried but not
completed single
cigarette] vs
experimenter
[have consumed
one cigarette or
more])

Smoking status
(not smoking vs
smoking but not
dependent vs
nicotine
dependent)

Lifetime tobacco
status (ever vs
never); current
tobacco status

(never vs current

vs former)

Cigarette smoking;
snus use; current;
tobacco use;
tobacco
dependence (all
variables yes or
no)

Lifetime cigarettes
smoked (zero vs 1-
50; zero vs 50+);
smoking status
(never vs
experimenter;
never vs quitter;
never vs regular)
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STAS

(SCL-90)

CESD-10

CES-DC;
SDQ

GBI

BMJ Open

Anxiety>tobacco

Tobacco>anxiety;
anxiety>tobacco

Tobacco>depression

Tobacco>depression

Tobacco>depression

(HR =0.42, Cl = 0.13-1.34); early onset
predicted subsequent psychosis compared
to late onset (HR = 2.84, Cl = 1.12-7.18)

Anxiety predicted experimenter status
(OR =1.04, CI = 1.02-1.07) but not puffer
status (OR = 1.01, Cl = 0.99-1.03)

Nicotine dependent status predicted later
anxiety (B =0.09, p < .01) but non-
dependent smoking status did not (B =
0.05, p > .05); anxiety did not predict later
smoking status (OR = 1.06, Cl =0.97-
1.17)

All tobacco use statuses predicted
depression including ever smoked (B =
0.92, Cl =0.73-1.12), current smoker (B =
0.88, Cl = 0.68-1.08), and former smoker
(B=1.52, Cl =0.95-2.08)

Cigarette smoking (b = 3.4, p = .006) and
tobacco dependence (b = 3.4, p = .008)
predicted later depression, but snus (b = -
0.1, p =.934) and tobacco (b =1.9, p =
.073) use did not; using depression onset
as outcome, only tobacco dependence was
a significant predictor (OR = 4.8, Cl =
1.7-14.0), but cigarette smoking, tobacco
use, and snus use were not (ORs ranged
from 0.8-2.0)

Lifetime cigarettes smoked and smoking
status predicted later depression (IRR
1.17, 1.19); depression did not predict

later smoking (results not shown)
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Temporal ordering
unclear; variables not
measured at each time

54.5 point

54.5 Infrequent assessments

Only 2-waves;
temporal ordering
81.8 unclear
Minimal waves; short
72.7 follow-up;

Minimal waves;
variables only
72.7 measured at one wave
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Ranjit et al.
[61]
(2019b*) -
Finland

Savage et al.
[62] (2016) -
Finland

Shete et al.
[23] (2017) -
USA

Smith et al.
[63] (2014) -
USA

Swendsen et
al. [64]
(2010) -

USA

Youth twins (n
= 4236)

Youth twins (n
=1906)

Mexican
American
youth (n=

1328)

Sub-sample of
young adults
(precise N
unclear, but
approximately
14,000)

Youth (n =
5001)

17.5 years of
age; 5-year
follow-up; 2-
waves

12 years of age;
10-year follow-
up; 4-waves

11.8 (SD =0.8)

years of age; 5-

year follow-up;
2-waves

18-29 years of
age; 1-year
follow-up; 2-
waves

15-24 years of
age; 10-year
follow-up, 2-

waves

Smoking status
(never vs ever;
never vs
experimenters;
never vs quitters or
trying to quit;
never vs non-
daily; never vs
daily)

Nicotine
dependence
symptoms

Smoking
escalation (yes or
no)

Smoking cessation
(yes or no)

Daily tobacco use
(yes or no);
nicotine
dependence (yes
or no)
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GBI

MPNI

STAS

AUDADIS-IV

CIDI

BMJ Open

Tobacco>depression;
depression>tobacco

Anxiety>tobacco

Anxiety>tobacco

Depression>tobacco;
anxiety>tobacco;
bipolar>tobacco

Depression>tobacco;
anxiety>tobacco;
bipolar>tobacco

Smoking predicted later depression (IRR
1.17, 95% CI: 1.03-1.33); depression
predicted later smoking (RR = 1.05, 95%
Cl: 1.00-1.10) (based on the individual
level findings)

Peer/teacher/parent-rated social anxiety
did not predict future nicotine dependence
(Bs ranged from -.15 to -.01)

Anxiety predicted smoking escalation (OR
=1.03, Cl = 1.02-1.05)

Compared to the longitudinal smoking
cessation rate of no-diagnosis (28.7), all
longitudinal smoking cessation rates of
those with past-year diagnoses were
significantly lower (ps <.001): SAD
(13.8), agoraphobia (12.0), panic disorder
(14.5), specific phobia (20.3), GAD
(13.4), mania or hypomania (18.6), MDD
(17.6)

Among W1 non-daily tobacco users,
significant predictors of W2 onset of daily
use included any mood disorder, panic
disorder, SAD, specific phobia, GAD, and
any anxiety disorder (ORs ranged from
1.6-3.0), whereas MDD, bipolar,
agoraphobia, and separation anxiety were
non-significant (ORs ranged from 0.8-
1.8); among daily tobacco users,
significant predictors of W2 onset of
nicotine dependence included bipolar, any
mood disorder, agoraphobia, and
separation anxiety (ORs ranged from 1.9-
3.9), whereas MDD, panic disorder, SAD,
GAD, and any anxiety disorder were non-
significant (ORs ranged from 0.8-1.4)
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54.5 Minimal waves

Social anxiety only
measured at W1;
statistics unclear; low
internal reliability of
parent-rated social
455 anxiety

36.4 Minimal waves

Minimal waves; short
follow-up; change in
psychological diagnosis
unclear; symptom
81.8 severity not measured

72.7 Minimal waves


http://bmjopen.bmj.com/

Page 43 of 54

oNOYTULT D WN =

Tomita et al.
[65] (2020) -
South Africa

Trotta et al.
[66] (2020) -
UK

Ward et al.
[67] (2019) -
USA and
Canada

Weiser et al.
[68] (2004) -
Israel

Wilens et al.
[69] (2016) -
USA

Zammit et al.

[70] (2003) -
Sweden

Subsample of

youth without

depression (N
=4207)

Youth twins (n
=2232)

Youth at
clinical high
risk of
psychosis (N =
587) and
healthy
controls (N =
274)

Youth male
military
recruits (n =
14, 248)

Youth with
bipolar (N =
105) and youth
controls
without bipolar
(N=98)

Youth military
recruits (n =
50,087)

15-19 years of

age; 7-year
follow-up; 4-  Smoking cigarette
waves status (yes or no)
12 years of age;
6-year follow- Tobacco
up; 2-waves dependence
18.5 (4.3) years
of age for
clinical high
risk; 19.7 (4.7)
years of age for
controls; 2-year
follow-up; Smoking level
waves unclear  (none vs light vs
but heavy); smoking
approximately 3-  status (never vs
4 ever)

18 years of age;
10.2 (SD = 3.6)
year follow-up;
number of waves

Smoking status
(yes or no); daily
smoking quantity

(zerovs 1-9 vs

unclear 10+)
13.6 (SD =2.5)
years of age for
bipolar, 13.7
(SD = 2.1) years
of age for
controls; 5-year
follow-up; 3-
waves (but Cigarette smoking
unclear) (levels unclear)
18-20 years of ~ Smoking quantity
age; 27-year (non-smokers vs
follow-up; light smokers vs
number of waves medium smokers
unclear vs heavy smokers)
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CESD-10

Structured
interview

created by
authors

SIPS

Registry
diagnoses
based on ICD-
10 criteria

KSADS-E;
SCID

Registry
diagnoses
based on ICD-
8

BMJ Open

Tobacco>depression

Psychosis>tobacco

Tobacco>psychosis

Tobacco>psychosis

Tobacco>bipolar

Tobacco>psychosis

Light smoking (OR =0.90, CI
heavy smoking (OR = 0.3, CI

and status as 'ever smoked' (HR = 1.16, CI
= 0.82-1.65) did not predict transition to

persistence of bipolar (HR = 1.5, CI

Smoking predicted depression for both
males (RR =1.84, Cl = 1.18-2.88) and

females (RR = 2.47, Cl = 1.15-5.29)

Psychosis did not predict later tobacco
=0.57-1.75)

dependence (RR = 1.00, CI

psychosis

Baseline binary smoking (RR = 1.94, Cl =

1.05-3.58) and daily smoking 10+
cigarettes (RR =2.28, Cl =

0.48-4.00) did not

Maintenance of smoking predicted bipolar
status at final follow-up (HR = 3.2, Cl =

1.6-6.7); but smoking did not predict

3.2)

Smoking quantity negatively predicted
schizophrenia by final follow-up (HR =
=0.7-0.9), but did not predict

schizophrenia between 0-5 years from

0.8, Cl

baseline (HR = 0.9, Cl =0.7-1.1)

=0.4-2.2),
=0.05-2.3),

1.19-4.34)
predicted later schizophrenia, but daily
smoking 1-9 cigarettes (RR = 1.38, Cl =

=0.7-
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63.6 None noted

63.6 Only 2-waves;

Some small cell counts;
number of waves
unclear

Inconsistent follow-up
periods; number of
waves unclear;
schizophrenia diagnosis
method unclear;
smoking only assessed
at baseline; only male
sample

72.7

2.7

Temporal ordering
unclear; small sample
size; number of waves

unclear; levels of
predictor unclear;

63.6 results unclear

Psychological disorder
diagnosis method
unclear; number of

81.8 waves unclear;
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=
ygorinfling; family SES; smoking only measured
a fanfy psychiatric at baseline
Qgtorygalcohol problems
g Only females; minimal
21.0(SD=1.73) = BM® alcohol use; waves; short follow-up;
Zhang et al. years of age; Smoking did not predict incremental aﬁohv)fﬁ’elated problems; MDD and smoking
[71] (2018) - Female youth  1.5-year follow-  Smoking status variance in MDD (OR = 1.55, CI = 0.90- %ﬁi@l activity; good measured as binary
Germany (n = 3065) up; 2-waves (yes or no) DIMD-RV  Tobacco>depression 2.66) = Dhysical health 72.7 variables

2c(

Note: All Cls (confidence intervals) were 95%.

*Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A longitudinal twin study. :
BMI = Body Mass Index; Cl = 95% confidence interval; Est. = Estimate; GAD = Generalised Anxiety Disorder; IRR = Incidence Rate Ratio; OR = odds ratiq;, lgz Social Anxiety Disorder; SES = socioeconomic
status; U = Mann Whitney U Test. ==

AUDADIS-IV = Alcohol Use Disorder and Associated Disabilities Interview Schedule; BCFPI = Brief Child and Family Phone Interview; BDI-II = Beck De@x ign Inventory-11; BPRS-PS = Brief Psychiatric Rating
Scale; CBCL = Child Behavior Checklist; CES-DC = Center for Epidemiologic Studies Depressive symptoms Scale for Children; CESD = Center for Epidenti g% Studies Depression Scale; CGI-S = Clinical Global
Impressions — Severity Scale; DAWBA = Development and Wellbeing Assessment; DICA-R = Diagnostic Interview for Children and Adolescents; DIMD-RY %I_:%gnostic Interview for Mental Disorders—Research
Version; DIS = Diagnostic Interview Schedule; DISC = Diagnostic Interview Schedule for Children; DSS = Depressive Symptoms Scale; FTND = Fagerstrdrﬁ-‘@sﬁor Nicotine Dependence; GADS = Generalized
Anxiety Disorder Scale; GBI = General Behavior Inventory; KSADS-E = Kiddie Schedule for Affective Disorders-Epidemiologic Version; MCIDI/DIA-X :&uﬂ@’\-Composite International Diagnostic Interview ;
MPNI = Multidimensional Peer Nomination Inventory; MSI = Minnesota Smoking Index; PHQ-9 = Patient Health Questionnaire; PLIKSi = Psychosis-Like Qr?ﬁslgms Interview; PLIKSi = Psychosis-like Symptoms
interview; RADS = Reynolds Adolescent Depression Scale; RCMAS = Revised Children’s Manifest Anxiety Scale; SCID = Scheduled Clinical Interview Di&rissis: SCL-90 = Hopkins Symptom Checklist; SDQ =
Strengths and Difficulties Questionnaire; SIPS = Structured Interview for Prodromal Syndromes; SMFQ = Short Mood and Feelings Questionnaire; SOPS = S:E:ada_@r Assessment of Prodromal Symptoms; SPIKE =
Structured Psychopathological Interview and Rating of the Social Consequences of Psychological Disturbances for Epidemiology; STAS = Speilberger’s TragATﬁxi\ety Scale; TFR = Teacher Report Form; WMH-CIDI
= World Mental Health Composite International Diagnostic Interview; YASR = Young Adult Self-Report; YSR = Youth Self-Report; ZSRAS = Zung Self-sziéing gnxiety Scale.
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7 Smoking Mental Illness Study type S me Number of results
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?o smoking”[mh] OR Disorders”[mh] OR “Disruptive, Impulse Control, and “follow up”[tiabE@l%
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Embase: S &
Smoking Mental Iliness Study type filters§ S Number of
S ® results
“tobacco use”/exp (“anxiety disorder”/exp OR “mood “longitudinal:ti,ab | AND g TS 2306
OR tobacco:ti,ab OR disorder”/exp OR “behaviour disorder”/exp | OR [englisﬁglzlm
cigarette*:ti,ab OR OR “dissociative disorder”/exp OR “follow up”:ti,ab gg N
smoking:ti,ab OR “personality disorder”/exp OR OR AND =230
smoker*:ti,ab “Psychosis”/exp OR “drug dependence”/exp | “cohort”:ti,ab [emba%ﬁl%n
OR Adjustment disorder/de OR £
Neurosis/exp (includes dysthymia) OR %
Psychotrauma/de) S
>
o8}
OR m

(disorder:ti,ab OR mental:ti,ab OR
schizophreni*:ti,ab OR catatoni*:ti,ab OR
bipolar:ti,ab OR psychosis:ti,ab OR
psychotic:ti,ab OR depress*:ti,ab OR
Cyclothymi* :ti,ab OR Dysphori*:ti,ab OR
“selective mutism”:ti,ab OR
Trichotillomania:ti,ab OR dereali*:ti,ab OR
mood:ti,ab OR anxi*:ti,ab OR phobia:ti,ab
OR dysthymia:ti,ab OR manic:ti,ab OR
mania:ti,ab OR dissociat*:ti,ab OR
depersonali*:ti,ab OR pica:ti,ab OR
anorexia:ti,ab OR bulimia:ti,ab OR binge
eating:ti,ab OR substance:ti,ab OR
posttraumatic:ti,ab OR post-traumatic:ti,ab)
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BMJ Open

Pubmed mesh term

Emtree term

anxiety disorders

“anxiety disorder”/exp

Bipolar and Related Disorders

“mood disorder’’/exp

Disruptive, Impulse Control, and Conduct Disorders

“behaviour disorder”/exp

Dissociative Disorders

“dissociative disorder’/exp

Feeding and Eating Disorders

“behaviour disorder”/exp

Mood Disorders

“mood disorder”/exp

Personality Disorders

“personality disorder”/exp

Schizophrenia Spectrum and Other Psychotic
Disorders

“Psychosis’/exp

Substance-Related Disorders

“drug dependence”/exp

Trauma and Stressor Related Disorders

“anxiety disorder”/exp

Adjustment disorder/de
Neurosis/exp (includes dysthymia)
Psychotrauma/de
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o
2
é
PsycINFO: E
Smoking Mental IlIness Study type filters Number of
citations
(exp tobacco (exp Anxiety Disorders OR exp Bipolar Disorder | (longitudinal.ti,ab | eng 3648

smoking”OR
tobacco.ti,ab OR
cigarette$.ti,ab OR
smoking.ti,ab OR
smoker$.ti,ab)

OR exp Disruptive Behavior Disorders OR exp
Attention Deficit Disorder OR exp Dissociative
Disorders OR exp Eating Disorders OR exp
Affective Disorders OR exp Personality
Disorders OR exp Psychosis OR exp Substance
Related and Addictive Disorders OR exp Stress
and Trauma Related Disorders)

OR

(disorder.ti,ab OR mental.ti,ab OR
schizophreni$.ti,ab OR catatoni$.ti,ab OR
bipolar.ti,ab OR psychosis.ti,ab OR
psychotic.ti,ab OR depress$.ti,ab OR
Cyclothymi$ .ti,ab OR Dysphori$.ti,ab OR
selective mutism.ti,ab OR Trichotillomania.ti,ab
OR dereali$.ti,ab OR mood.ti,ab OR anxi$.ti,ab
OR phobia.ti,ab OR dysthymia.ti,ab OR
manic.ti,ab OR mania.ti,ab OR dissociat$.ti,ab
OR depersonali$.ti,ab OR pica.ti,ab OR
anorexia.ti,ab OR bulimia.ti,ab OR binge
eating.ti,ab OR substance.ti,ab OR
posttraumatic.ti,ab OR post-traumatic.ti,ab)

OR

Follow up.ti,ab
OR
cohort.ti,ab)
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Thesaurus terms:

BMJ Open

Pubmed mesh term

Psyc Info thesaurus term

anxiety disorders

exp Anxiety Disorders

Bipolar and Related Disorders

exp Bipolar Disorder

gunf €T U0 66%7550-T20Z-uadolwce

sug

Disruptive, Impulse Control, and Conduct Disorders

exp Disruptive Behavior Disorder

8

Attention Deficit Disorder

Dissociative Disorders

exp Dissociative Disorders

Feeding and Eating Disorders

exp Eating Disorders

Mood Disorders

exp Affective Disorders

Jjusawauf]

5

Personality Disorders

exp Personality Disorders

Schizophrenia Spectrum and Other Psychotic Disorders exp Psychosis

pue 1xp1 41 paresP gesn Joj Buipnjoul ‘ybikdoo Aq |

f2naadn

Substance-Related Disorders exp Substance Related and Addictiye Bisorders
Trauma and Stressor Related Disorders exp Stress and Trauma Related Dlﬁ)ﬁﬂ rs
S0
=
>
Scopus: s
Smoking Mental IlIness Study type @ Number of results
tobacco OR cigarette* OR disorder OR mental OR schizophreni* | longitudinal OR "follow upg 17,532
smoking OR smoker* OR catatoni* OR bipolar OR psychosis | OR cohort o
OR psychotic OR depress* OR 3
Select ‘article title, abstract, Cyclothymi* OR Dysphori* OR { Select “article title, abstracty
keyworks mutism} OR Trichotillomania OR keyworks 5]
dereali* OR mood OR anxi* OR 3
phobia OR dysthymia OR manic OR e
mania OR dissociat* OR depersonali* 3

OR pica OR anorexia OR bulimia OR
binge eating OR substance OR
posttraumatic OR post-traumatic

Select ‘article title, abstract, keyworks
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g 3
BMJ Open S o
S 3
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CINAHL: = 2
2 ©
Smoking Mental Iliness S@d)ﬁtype Number of
S w results
MH tobacco smoking+ OR TI MH Anxiety Disorders+ OR MH Bipolar Disorder+ OR MH TYagitudinal | 11,037
tobacco OR AB tobacco OR Tl | Impulse control disorders+ OR MH Social behaviour disorders+ O%@,g
cigarette* OR AB cigarette* OR | OR MH Mental Disorders Diagnosed in Childhood+ OR MH Iogggt_mdinal OR
T1 smoking OR AB smoking Dissociative Disorders+ OR MH Eating Disorders+ OR MH TIfgllow up OR
OR TI smoker* OR AB Affective Disorders+ OR MH Personality Disorders+ OR MH A§ ?tglow up
smoker* OR MH smoking+ Psychotic Disorders+ OR MH Substance Use Disorders+ OR Oﬁggfollow-up
MH Stress Disorders, Post-Traumatic+ OR Tl disorder OR AB | AB fallow-up
disorder OR T1 mental OR AB mental OR TI schizophreni* OR | OB T kcohort
AB schizophreni* OR TI catatoni* OR AB catatoni* OR TI Ogg% cohort

bipolar OR AB bipolar OR TI psychosis OR AB psychosis OR
TI psychotic OR AB psychotic OR TI depress* OR AB
depress* OR TI1 Cyclothymi* OR AB Cyclothymi* OR Tl
Dysphori* OR AB Dysphori* OR TI selective mutism OR AB
selective mutism OR TI Trichotillomania OR AB
Trichotillomania OR TI dereali* OR AB dereali* OR Tl mood
OR AB mood OR Tl anxi* OR AB anxi* OR Tl phobia OR AB
phobia OR TI dysthymia OR AB dysthymia OR Tl manic OR
AB manic OR Tl mania OR AB mania OR TI dissociat* OR
AB dissociat* OR TI depersonali* OR AB depersonali* OR Tl
pica OR AB pica OR TI anorexia OR AB anorexia OR Tl
bulimia OR AB bulimia OR TI binge eating OR AB binge
eating OR TI substance OR AB substance OR TI posttraumatic
OR AB posttraumatic OR TI post-traumatic OR AB post-
traumatic
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> (81
2 Pubmed mesh term Cinahl subject heading % S
s anxiety disorders Anxiety Disorders+ i ‘g"
6 Bipolar and Related Disorders Bipolar Disorder+ 3 e
7 Disruptive, Impulse Control, and Conduct Disorders Impulse control disorders+ é mg
8 Social behaviour disorders+ 223
9 Mental Disorders Diagnosed in ChifiBood+
1? Dissociative Disorders Dissociative Disorders+ gam
12 Feeding and Eating Disorders Eating Disorders+ 539
13 Mood Disorders Affective Disorders+ T
14 Personality Disorders Personality Disorders+ 238
15 Schizophrenia Spectrum and Other Psychotic Disorders Psychotic Disorders+ géé
1? Substance-Related Disorders Substance Use Disorders+ 28
18 Trauma and Stressor Related Disorders Stress Disorders, Post-Traumatic+§_Eg
19 g
;? Overview of results for search #2 on 11" May 2021 z 2

o ©
;g Database Result Date %1 g
2 Pubmed 1607 11/05/2021 & 3
25 CINAHL 1555 11/05/2021 5 3
2% Embase Not available to o 3
27 Flinders Library but 3 S
28 100% of Embase g g
29 content is available T 3
30 within Scopus and g =
31 th_erefore included in S §
32 this search a 9
33 SCOPUS 758 11/05/2021 i
g‘S‘ Psycinfo 483 11/05/2021 3
36 o
37 TOTAL 4403 %
38 Deduplicate TOTAL | 3132 %
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Table S2 — Quality appraisal scores for cohort studies (n = 49)

BMJ Open

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8

Q9 Q10 Q11 Score %

Study

Ajdacic-Gross et al. (2009) N/A
Ames et al. (2018) U
Berk et al. (2010) N/A
Bierhoff et al. (2019) N/A
Borges et al. (2018) N/A
Buchy et al. (2014) Y
Buchy et al. (2015) N
Bulhdes et al. (2020) N/A
Chen et al. (2017) N/A
Crane et al. (2021) N/A
Davies et al. (2018) Y
Ferdinand et al. (2004) N/A
Fonseca et al. (2021) N/A
Gage et al. (2014) N
Gardvik et al. (2020) N/A
Goodwin et al. (2004) N/A
Goodwin et al. (2013) N/A
Griesler et al. (2008) U
Griesler et al. (2011) N/A
Hu et al. (2012) N
Hui et al. (2013) N/A

N/A
Y

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

Y

< < < < < < < << << << <<=<<=<<x<
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N
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Y

< < < < < < < << << << <<=<<=<<x<

Y

< < < <X < < < << << << <<<=<<=<<x
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u

X X X 2 2 <X X XX 2 CcCCcCc << Cccc < 2z < c

Y
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63.6
727
72.7
36.4
72.7
63.6
54.5
54.5
455
727
72.7
54.5
54.5
2.7
72.7
2.7
54.5
72.7
72.7
81.8
63.6
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Isensee et al. (2003)
Johnson et al. (2000)
Jones et al. (2018)
Kalan et al. (2020)
Kendler et al. (2015)
King et al. (2004)
MacKie et al. (2011)
Marmorstein et al. (2010)
Marsden et al. (2019)
Moylan et al. (2013)
Mustonen et al. (2018)
Okeke et al. (2013)
Pedersen et al. (2009)
Purborini et al. (2021)
Raffetti et al. (2019)
Ranjit et al. (2019)
Ranjit et al. (2019b%*)
Savageet al. (2016)
Shete et al. (2017)
Smith et al. (2014)
Swendsen et al. (2010)
Tomita et al. (2018)
Trotta et al. (2020)
Ward et al. (2019)

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
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N/A
U
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N/A
N/A
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N/A
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o 3
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ES~
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Weiser et al. (2004) NANAY Y Y Y U Y Y Y Y 727 s &

Wilens et al. (2016) N Y Y Y Y N Y Y N U Y 63.6 & 3

o [

Zammit et al. (2003) Y Y Y Y Y N U Y Y Y Y 81.8 ;mg
(%)

Zhang et al. (2018) N Y Y Y Y N Y Y Y U Y 727 %i

P9 o

Total % 8.2 32.7 95.9 85.7 81.6 14.3 89.8 100.0 59.2 44.9 100.0 - TERN

Note: *Testing the reciprocal association between smoking and depressive symptoms from adolescence to adulthood: A Iongltﬁcﬁwj twin study.

Y = Yes; N = No; U = Unclear; N/A = Not applicable. Q1 = Were the two groups similar and recruited from the same populatioR?2@ = Were the exposures measured similarly
to assign people to both exposed and unexposed groups?; Q3 = Was the exposure measured in a valid and reliable way?; Q@t ere confounding factors identified?; Q5 =
Were strategies to deal with confounding factors stated?; Q6 = Were the groups/participants free of the outcome at the start of ihEﬁde (or at the moment of exposure)?; Q7 =
Were the outcomes measured in a valid and reliable way?; Q8 = Was the follow up time reported and sufficient to be long enouglés‘fgr outcomes to occur?; Q9 = Was follow up
complete, and if not, were the reasons to loss to follow up described and explored?; Q10 = Were strategies to address mcompfe @Ilow up utilized?; Q11 = Was appropriate
statistical analysis used?
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Table S2 — Quality appraisal scores for systematic reviews (n = 4)

Study QL Q2 Q3 Q4 Q5 Q6Q7 Q8 Q9 Q10 Q11 Score%
Ahun et al. (2020) Y Y Y Y Y u u vy u Y Y 72.7 m
Cairns et al. (2014) Y Y Y Y Y uyY Y Y Y Y 90.9 g.
Chaiton et al. (2009) Y Y Y Y Y u u vy Y Y Y 81.8 §
Esmaeelzadeh et al. (2018) Y Y Y Y Y u u y Y Y Y 81.8 3
Total % 100.0 100.0 100.0 100.0 100.0 0.0 25.0 100.0 75.0 100.0 100.0 - £

pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq |

anadn
papeo|umod '2Z0Z dunc €T U0 66¥550-T202-uadolwo

Y =Yes; N = No; U = Unclear; N/A = Not applicable. Q1 = Is the review question clearly and explicitly stated?; Q2 = Weredlte #aclusion criteria appropriate for the review
question?; Q3 = Was the search strategy appropriate?; Q4 = Were the sources and resources used to search for studies adequataf.fj;(% = Were the criteria for appraising studies
appropriate?; Q6 = Was critical appraisal conducted by two or more reviewers independently?; Q7 = Were there methods to ﬁjmigjize errors in data extraction?; Q8 = Were
the methods used to combine studies appropriate?; Q9 = Was the likelihood of publication bias assessed?; Q10 = Were recon@qﬁhﬁations for policy and/or practice supported
by the reported data?; Q11 = Were the specific directives for new research appropriate?
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