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A B S T R A C T

Background: Although depression and smoking commonly co-occur, the mechanisms underpinning this
association are poorly understood. One hypothesis is that depression promotes tobacco dependence, persistence
and relapse by increasing sensitivity to acute negative mood and abstinence induced tobacco-seeking behavior.
Methods: Twenty nine daily smokers of> 10 cigarettes per day, nine with major depression and 20 without,
completed two laboratory sessions one week apart, smoking as normal prior to session 1 (sated session), and 6 h
abstinent prior to session 2 (abstinent session). In both sessions, tobacco-seeking was measured at baseline by
preference to view smoking versus food images. Negative mood was then induced by negative ruminative
statements and sad music, before tobacco-seeking was measured again at test.
Results: In the sated session, negative mood induction produced a greater increase in tobacco choice from
baseline to test in depressed (p < 0.001, ηp2 = 0.782) compared to non-depressed smokers (p= 0.045,
ηp2 = 0.216, interaction: p = 0.046, ηp2=0.150). Abstinence also produced a greater increase in baseline
tobacco choice between the sated and abstinent sessions in depressed (p= 0.002, ηp2=0.771) compared to non-
depressed smokers (p= 0.22, ηp2 = 0.089, interaction: p= 0.023, ηp2 = 0.189). These mood and abstinence
induced increases in tobacco choice were positively associated with depression symptoms across the sample as a
whole (ps ≤ 0.04, ηp2 ≥ 0.159), and correlated with each other (r = 0.67, p < 0.001).
Conclusions: Current major depression or depression symptoms may promote tobacco dependence, persistence
and relapse by increasing sensitivity to both acute negative mood and abstinence induced tobacco-seeking
behavior. Treatments should seek to break the association between adverse states and smoking to cope.

1. Introduction

Although there is some bidirectionality, depression is known to
prospectively promote drug dependence, persistence and relapse
(Briere et al., 2014; Felton et al., 2015; Hitsman et al., 2013). One
mechanistic explanation for this association is that depressed indivi-
duals are more sensitive to a cluster of correlated adverse interoceptive-
emotional states which trigger drug use to cope, thus increasing the risk
of dependence, persistence and relapse (Hussong et al., 2011; Mathew
et al., 2016). This cluster of adverse triggers for drug use could include
several distinct states such as rumination, anger, hostility, anxiety,
stress, anhedonia, fatigue, or cognitive decline. However, perhaps the
clearest findings pertain to acute negative mood and abstinence states.
Specifically, smokers with current sub-clinical depression symptoms are
more sensitive to the motivational effect of negative mood induction on

ad libitum smoking behavior (Fucito and Juliano, 2009). Likewise,
smokers with depression symptoms are more sensitive to the negative
effects of smoking abstinence on affective state (Audrain-McGovern
et al., 2014; Leventhal et al., 2013), reward responsiveness (Pergadia
et al., 2014) and cognitive performance (Ashare et al., 2014). Finally,
smokers with anhedonic traits are more sensitive to the effect of
smoking abstinence on craving and willingness to pay for cigarettes
(Cook et al., 2004; Leventhal et al., 2014; Leventhal et al., 2009).
However, smokers with a history of major depression are not more
sensitive to either negative mood or abstinence induced effects on ad
libitum smoking behavior (Perkins et al., 2010). What remains to be
tested within this literature, is whether smokers with current major
depression are more sensitive to the motivational effect of negative
mood induction and smoking abstinence on tobacco-seeking behavior,
and whether these two sensitivities are correlated. If these expected
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findings are obtained in the current laboratory study, they would
support the claim that depressed individuals are at risk of dependence,
persistence and relapse because they are more sensitive to a cluster of
correlated adverse interoceptive-emotional triggers for drug use beha-
vior. The implication would be that treatment must simultaneously
address the cluster of adverse triggers to improve efficacy in depressed
smokers.

2. Method

2.1. Participants and procedures

Data were drawn from a larger laboratory study examining the
relationship between psychological risk factors and smoking lapse. The
mood induced tobacco-seeking task was administered first in both
sessions, immediately following questionnaires, and so should not have
been influenced by the subsequent protocol.

Eligible participants were females and males aged 18–65 years who
smoked> 10 cigarettes/day for at least 6 months, had a breath carbon
monoxide (CO) reading of> 10 parts-per-million (ppm), and who
scored at least 18 on the Intolerance for Smoking Abstinence
Discomfort Questionnaire (IDQ-S) (Sirota et al., 2010). Exclusion
criteria included self-reported chronic medical illness or severe mental
illness (i.e. Psychotic or Bipolar Disorder), and current use of nicotine
replacement or tobacco products other than cigarettes.

Participants attended two sessions 1–2 weeks apart, which were
scheduled in either the morning or afternoon based on participant
preference. Participants were instructed to smoke as normal prior to the
first (sated) session and abstain from smoking for at least six hours prior
to the second (abstinent) session. CO was recorded at the outset of each
session. To confirm abstinence at session 2, self-report was verified by
expired CO reading of either a)< 10 ppm (Benowitz, 2002), or b) less
than half of the baseline value, such that heavy smokers for whom a 6-h
abstinence period may not be sufficient to reach the 10 ppm cut-off
value could be included. Participants were paid $60 for completing
both sessions and provided informed consent at the start of session 1.
All study procedures were approved by the appropriate Institutional
Review Board.

2.2. Depression measures

Current major depression status was evaluated by the MINI
International Neuropsychiatric interview for the DSM-5, version 7.0
(Sheehan et al., 1998). Trained research assistants administered the
mood disorder algorithm (i.e., Major Depressive Episode, [Hypo]manic
Episode, and Psychotic Disorders modules) to ascertain depression
status. Those who endorsed a current (i.e., past 2 weeks) major
depressive episode were classified as depressed smokers, while those
who did not meet criteria for this disorder were classified as non-
depressed. The Beck Depression Inventory-II (Beck et al., 1996) was
administered to assess severity of depressive symptoms.

2.3. Mood induced tobacco choice task

The tobacco choice task shown in Fig. 1A has been validated, in
being increased by negative versus positive mood induction (Hogarth
et al., 2015), by smoking abstinence versus satiety (Hogarth, 2012;
Hogarth and Chase, 2011; Hogarth et al., 2013) and by tobacco
dependence severity, craving, cigarettes per day, and smoking days
per week (Hogarth, 2012; Hogarth and Chase, 2011, 2012). At baseline,
participants freely chose to enlarge a smoking or food thumbnail image
with a left or right key press, over 32 trials. In each trial, a smoking and
food thumbnail was presented randomly in the left or right position,
sampled from a set of 28 of each image type. Following baseline choice,
pre-induction subjective mood was measured by participants reporting
the extent to which they currently felt five positive (Enthusiastic,

Happy, Excited, Inspired, Alert) and five negative emotions (Jittery,
Upset, Distressed, Sad, Irritable), randomly ordered, on a five point
scale ranging from ‘not at all’ to ‘extremely’. Sad music was then played
through headphones (Barber’s Adagio for Strings), and participants
were instructed to carefully consider sixteen negative statements (e.g. ‘I
don’t think things are ever going to get better’) randomly ordered
(Hogarth et al., 2015). Post-induction subjective mood was then
measured in the same way as before. The tobacco choice test comprised
32 trials identical to baseline, except that the sad music continued to
play and a negative statement (randomly selected from the set of 16)
was presented prior to each choice.

3. Results

3.1. Participants

Two participants were excluded for choosing tobacco in less than
1% of trials in both sessions, leaving 27 participants (the next lowest
tobacco choice was 13%). Depressed and non-depressed groups differed
with respect to BDI-II scores, but were matched with respect to other
variables, including gender (Table 1).

3.2. Verification of abstinence

ANOVA with CO scores (Table 1) revealed a main effect of session, F
(1.25) = 122.66, p < 0.001, ηp2 = 0.831, but no effect of group or
group by session interaction, Fs < 1. At session 2, all participants
reported abstinence for 6 h or more, confirmed by CO values less than
10 ppm or half the session 1 value. ANOVA with minutes since smoking
also revealed a main effect of session, F(1.25) = 58.64, p < 0.001,
ηp2 = 0.701, and no effect of group or group by session interaction,
Fs < 1. Thus, the abstinence instructions in session 2 were successful.

3.3. Verification of mood induction

ANOVA with positive mood scores (averaged across the five positive
words), shown in Table 1, revealed a main effect of block (pre-
induction, post-induction), F(1.25) = 4.98, p= 0.03, ηp2 = 0.166,
and group, F(1.25) = 7.38, p = 0.01, ηp2 = 0.228, but no other effects
or interactions. ANOVA with mean negative mood scores (averaged
across the five negative words) revealed a main effect of group, F(1.25)
= 5.69, p= 0.02, ηp2 = 0.186, but no other effects or interactions.
Thus, mood induction decreased positive mood, did not change
negative mood, and depressed smokers scored lower on positive mood
and higher on negative mood versus non-depressed smokers.

3.4. Tobacco choice

3.4.1. Depressed and non-depressed group
Fig. 1B shows the percent choice of tobacco in the baseline and test

blocks of the sated and abstinent sessions. ANOVA on these data yielded
a significant interaction between group, session and block, F(1.25)
= 6.85, p= 0.01, ηp2 = 0.215, Power = 0.71. Breakdown of this
interaction indicated that there was a significant group by block
interaction in the sated session, F(1.25) = 4.41, p = 0.046
ηp2 = 0.150, Power = 0.52, but not the abstinent session, F(1.25)
= 0.37, p= 0.55 ηp2 = 0.015. Furthermore, there was a significant
interaction between group and session in the baseline data, F(1.25)
= 5.83, p= 0.023 ηp2 = 0.189, Power = 0.64, but not the test data, F
(1.25) = 0.03, p= 0.85 ηp2 = 0.001. Within the depressed group,
there was a significant effect of session, F(1,8) = 8.64, p = 0.02,
ηp2 = 0.519, Power = 0.73, block, F(1,8) = 17.03, p= 0.003,
ηp2 = 0.680, Power = 0.95, and session by block interaction, F(1,8)
= 18.38, p= 0.003, ηp2 = 0.697, Power = 0.96. By contrast, within
the non-depressed group there was no effect of session F(1.17) = 0.81,
p = 0.38, ηp2 = 0.045, block, F(1.17) = 4.11, p= 0.06, ηp2 = 0.195,
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