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Depression and cigarette smoking co-occur at high rates.
However, the etiological mechanisms that contribute to this
relationship remain unclear. Anhedonia and associated
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impairments in reward learning are key features of
depression, which also have been linked to the onset and
maintenance of cigarette smoking. However, few studies
have investigated differences in anhedonia and reward
learning among depressed smokers and depressed non-
smokers. The goal of this study was to examine putative
differences in anhedonia and reward learning in depressed
smokers (n = 36) and depressed nonsmokers (n = 44). To
this end, participants completed self-report measures of
anhedonia and behavioral activation (BAS reward respon-
siveness scores) and as well as a probabilistic reward task
rooted in signal detection theory, which measures reward
learning (Pizzagalli, Jahn, & O'Shea, 2005). When consid-
ering self-report measures, depressed smokers reported
higher trait anhedonia and reduced BAS reward respon-
siveness scores compared to depressed nonsmokers. In
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contrast to self-report measures, nicotine-satiated de-
pressed smokers demonstrated greater acquisition of
reward-based learning compared to depressed nonsmokers
as indexed by the probabilistic reward task. Findings may
point to a potential mechanism underlying the frequent
co-occurrence of smoking and depression. These results
highlight the importance of continued investigation of the
role of anhedonia and reward system functioning in the
co-occurrence of depression and nicotine abuse. Results
also may support the use of treatments targeting reward
learning (e.g., behavioral activation) to enhance smoking
cessation among individuals with depression.
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CIGARETTE SMOKING (VIA ITS introduction of many
chronic medical conditions such as cardiovascular
diseases, respiratory diseases, and cancer) is the
leading cause of premature death in the United
States and constitutes the single most preventable
cause of morbidity and mortality worldwide
(Centers for Disease Control and Prevention,
2002). Smoking is responsible for enormous
health and economic burdens, and is linked to over
440,000 deaths per year in the United States (Centers
for Disease Control and Prevention, 2008) and
approximately 5 million premature deaths annu-
ally worldwide (Warren, 2002). Epidemiological
studies indicate that smoking rates are dispropor-
tionately high among samples with mental illness
(Breslau, 1995), particularly those with depres-
sion (Breslau, Novak, & Kessler, 2004; Grant,
Hasin, Chou, Stinson, & Dawson, 2004; Lasser
et al., 2000). In fact, studies have shown that
individuals with major depressive disorder
(MDD) are approximately twice as likely to report
smoking, compared to individuals without mental
illness (35–45% versus 23%, respectively; Lasser
et al.).
The association between smoking and depression

appears to be bidirectional in nature. Many studies
have demonstrated that smoking individuals (com-
pared with nonsmokers) are approximately 2 to 3
times as likely to be currently depressed (Grant
et al., 2004; John, Meyer, Rumpf, & Hapke, 2004)
and these individuals are also at increased risk for
future depression (Brown, Lewinsohn, Seeley, &
Wagner, 1996). For example, Breslau, Kilbey, and
Andreski (1991) reported that 39% of smokers
with moderate nicotine dependence met criteria
for MDD, compared to 10% of nondependent
smokers. Similarly, rates of depression are higher
among smokers (irrespective of dependence
status) than nonsmokers (Morrell & Cohen,
2006). Specifically, smokers report higher levels
of depressive symptoms (Anda et al., 1990) and
experience more frequent depressive episodes
(Glassman, 1993) compared to nonsmokers.
Despite the frequent and costly co-occurrence of

smoking and depression, the etiological mechanisms
that contribute to this relationship remain unknown
(Danaei et al., 2009; Mokdad, Marks, Stroup, &
Gerberding, 2004; Tsuang, Francis,Minor, Thomas,
& Stone, 2012). MDD is a heterogeneous clinical
condition marked by both elevations in negative
affect and deficits in positive affect (i.e., anhedonia;
Brown, Chorpita, & Barlow, 1998). Several studies
have demonstrated a relationship between self-
reported anhedonia, defined as loss of pleasure or
reduced positive emotional reactivity to pleasurable
stimuli, and smoking behavior (Carton, Jouvent, &
Widlocher, 1994). Specifically, anhedonia has been
associated with increased urge and craving to
smoke, as well as poor smoking cessation outcomes
(Ameringer & Leventhal, 2010; Cook, Spring,
McChargue, & Doran, 2010; Leventhal, Ramsey,
Brown, LaChance, & Kahler, 2008; Leventhal,
Waters, Kahler, Ray, & Sussman, 2009). Thus,
preliminary evidence suggests that anhedonia may
play an important role in the association between
these two conditions.
Dysfunction in the brain’s reward system is

thought to contribute to reduced hedonic capacity
in depression (Dillon et al., 2009; Pizzagalli, Jahn,
& O’Shea, 2005). For example, individuals with
MDD show weakened responses in striatal regions
(caudate, putamen, nucleus accumbens) to rewards
and reward-predicting cues (Pizzagalli et al., 2009).
In addition, hypoactivity in these regions has been
associated with anhedonia in depression and
related disorders (Elman et al., 2009; Keedwell,
Andrew, Williams, Brammer, & Phillips, 2005). A
crucial element of reward system functioning is the
capacity to acquire reward-based learning (i.e., the
ability to modify behavior in response to positive
reinforcement and to learn associations among
neutral stimuli and unconditioned rewards). Re-
cent studies suggest that impairments in the ability
to adjust behavior as a function of reinforcement
may be an important mechanism underlying the
experience of anhedonia in mood disorders
(Pizzagalli, Goetz, Ostacher, Iosifescu, & Perlis,
2008; Pizzagalli, Iosifescu, Hallett, Ratner, & Fava,
2008).
Phasic signaling inmidbrain dopamine neurons has

been implicated in reward learning processes. Specif-
ically, dopamine bursts have been linked to both the
receipt of unpredicted rewards in early learning phases
and the presence of reward-predicting cues in later
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learning phases (Holroyd & Coles, 2002). These
dopamine bursts are thought to signal the anterior
cingulate cortex and striatal regions to integrate
reward-based learning and implement approach-re-
lated behaviors. Consistent with this, interruptions in
dopamine transmission (e.g., through administration
of single low doses of a dopamine agonist hypothe-
sized to reduce dopamine transmission via autore-
ceptor activation) weakened reinforcement learning
in both humans (Pizzagalli, Evins, et al., 2008) and
rodents (Der-Avakian, D'Souza, Pizzagalli &
Markou, 2013). Based on this model, MDD and
anhedonia have been associated with decreased
dopamine signaling in striatal and midbrain reward
regions (Bressan & Crippa, 2005; Forbes, 2009;
Kumar et al., 2008). Significantly, cigarette smoking
has been shown to increase transient dopamine
release in these regions (i.e., ventral striatum,
predominantly in the left ventral caudate/nucleus
accumbens and left ventral putamen; Brody et al.,
2004). Withdrawal from nicotine has also been
shown to dampen dopamine signaling in the nucleus
accumbens, creating a hypodopaminergic state that is
reversed by acute nicotine re-exposure (Zhang,Dong,
Doyon, & Dani, 2012).
In line with these neurobiological findings

suggesting that smoking modulates dopaminergic
activity in the brain’s reward system, preclinical
studies have shown that nicotine improves behavioral
indices of reward-based learning (Barr, Pizzagalli,
Culhane, Goff, & Evins, 2008; Blakey, 2005;
Chaudhri et al., 2006; Kenny & Markou, 2006). In
rodents, acute nicotine administration increases sen-
sitivity to nondrug reward, while nicotine withdrawal
diminishes reactivity to environmental incentives
(Epping-Jordan, Watkins, Koob, & Markou, 1998;
Kenny & Markou). Similarly, in humans, Barr and
colleagues (2008) found that a single dose of nicotine
increased reinforcement learning for nondrug cues
among nonsmokers (Barr et al., 2008). Smoking also
has been shown to promote positive emotional
responding tomood induction stimuli among smokers
with high levels of anhedonia (Cook, Spring, &
McChargue, 2007). Consistent with these findings, a
recent longitudinal study found that baseline levels of
depressive symptomswere associatedwith diminished
responding to alternative reinforcers over time, which
led to subsequent increases in smoking onset and rate
(Audrain-McGovern,Rodriguez,Rodgers,&Cuevas,
2011). Collectively, these studies suggest that de-
pressed individuals with higher levels of anhedonia
might utilize nicotine to ameliorate alterations in
dopamine signaling associated with deficits in reward
learning and responsiveness, ultimately leading to
higher rates of smoking and nicotine dependence in
this group.
Based on this literature, our goal was to examine
putative differences in measures of anhedonia and
reward-based learning among depressed smokers
and nonsmokers. To this end, we used self-report
measures of anhedonia and an established proba-
bilistic reward-based learning task that yields a
behavioral measure of reward responsiveness
(Pizzagalli et al., 2005). We hypothesized that,
relative to depressed nonsmokers, depressed
smokers would report higher baseline levels of
anhedonia. Furthermore, we predicted that de-
pressed smokers, who were allowed to smoke to
satiation immediately before the probabilistic
reward task, would demonstrate increased
reward-based learning relative to depressed non-
smokers during the course of the task. Results may
provide important information about potential
behavioral and neurocognitive mechanisms of
action underlying the common co-occurrence of
smoking and depression.

Material and Methods
inclusion/exclusion criteria

The primary inclusion criterion was a current
diagnosis of unipolar depression, which included
diagnoses of either MDD or dysthymia (93.8% met
criteria for MDD and 11.3% met for dysthymia).
Additional inclusion criteria consisted of age over
18 years and ability to read and write English.
Exclusionary criteria included: (a) bipolar disorder
diagnosis; (b) current psychotic-spectrum diagnosis;
(c) current suicidal or homicidal intent and/or plan;
(d) unstable psychiatric symptoms (e.g., psychiatric
hospitalization within the last 2 months) and/or
symptoms that interfered with study procedures;
and (e) limitedmental competency and/or inability to
provide informed, written consent.

diagnostic assessment

The Structured Clinical Interview for DSM-IV Axis I
Disorders – Clinician Version (SCID-CV; First,
Spitzer, Gibbon, & Williams, 1997) was used to
determine current and lifetime Axis I diagnoses.
Interviews were conducted by a trained doctoral
level psychologist.

self-report measures

Psychiatric Symptoms
Beck Depression Inventory-II (BDI-II). The

BDI-II (Beck, Steer, & Brown, 1996) is a 21-item
scale that is a widely used measure of depression.
Each item is rated on a 4-point Likert scale, ranging
from 0–3. Total scores on this measure range from
0–63, with higher scores indexing more severe
depressive symptoms. The BDI-II has demonstrated
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excellent internal consistency, validity, and test-retest
reliability (Beck, Steer, Ball, & Ranieri, 1996;
Dozois, Dobson, & Ahnberg, 1998). In this study,
the BDI-II total score was used as an index of total
depression severity; items 4 and 12 of the BDI-II were
used to assess loss of pleasure and loss of interest,
respectively.

Mood and Anxiety Symptom Questionnaire
(MASQ). The MASQ (Watson, Weber, et al.,
1995) Anhedonic Depression (AD) subscale was
used to assess anhedonia. The 22 items on this
subscale index loss of interest and reduced positive
affect. Each item is rated on a Likert scale from 1 to
5. Scores for the MASQ AD subscale range from
22–110, with higher scores indicating greater levels
of anhedonia. The MASQ-AD subscale has
demonstrated good reliability and validity (e.g.,
Watson, Clark, et al., 1995).

Behavioral Inhibition/Behavioral Activation
Scale. The BIS/BAS (Carver & White, 1994) is a
20-item scale that was administered to assess
behavioral activation and reward responsivity.
Each item is rated on a 4-point Likert scale, ranging
from 1–4. The scale produces a BIS subscale score
as well as a total BAS and three BAS subscale scores
(i.e., Reward Responsiveness, Drive, and Fun
Seeking). In this study, the 13-item BAS total and
5-item Reward Responsiveness scores were exam-
ined. Scores on each scale range from 13–52 and
5–20, respectively, with higher scores indexing
greater symptom severity. The BIS/BAS has dem-
onstrated excellent reliability and validity in clinical
samples (Campbell-Sills, Liverant, & Brown,
2004).

Smoking Behavior
Fagerstrom Test of Nicotine Dependence

(FTND). The FTND (Heatherton, Kozlowski,
Frecker, & Fagerstrom, 1991) is a 6-item widely
used measure of nicotine dependence. Two of the
six items are rated on a 0–3 scale, while four items
are rated either “0” or “1.” Higher scores on this
measure indicate greater levels of nicotine depen-
dence. The FTND evidences good internal consis-
tency and has demonstrated convergent validity
with smoking behavior and biochemical measures
(Heatherton et al., 1991).

Smoking Behavior Questionnaire (SBQ). The
SBQ is a scale developed for use in the current study.
The measure consists of a combination of yes/no and
open-ended questions assessing current smoking
behaviors (e.g., average number of cigarettes smoked
per day, duration of smoking behavior).
biochemical verification

The EC50 Micro 4 Smokerlyzer (Bedfont Scientific,
LTD)was used tomeasure carbonmonoxide (CO) in
expired rapid lung-breath. CO concentration was
assessed in parts per million (ppm). The Alcomate
Prestige AL6000 (AK Solutions, Palisades Park, NJ)
was used to measure blood alcohol level. A
breathalyzer reading of b0.005 g/l was required to
establish alcohol free status for the study visit and
allow for participation.

computerized task assessing
reward learning

A previously validated signal detection task designed
to assess modulation of behavior in response to
rewards was used (i.e., reward learning; Pizzagalli
et al., 2005). Prior to beginning, participants are
informed that the goal of the task is to win as much
money as possible. The task consists of two blocks of
100 trials. Each trial follows an identical sequence:
(a) presentation of a fixation point; (b) appearance of
a cartoon face without a mouth; (c) presentation of
either a short mouth (11.5 mm) or a long mouth
(13 mm) for 100 ms-; and (d) reappearance of the
mouthless face, which remains on the screen until a
response is made. Participants are asked to identify
which mouth was presented (i.e., short or long) via
button press. Unbeknownst to the participants, an
asymmetrical reinforcer ratio (3:1 rich/lean) is used
for correct identifications. Specifically, correct
identification of the rich stimulus is associated with
three times more positive feedback (“Correct! You
won 5 cents”) than the lean stimulus (30 vs. 10
reward feedback). Designation of the short versus
long mouth as the rich stimulus is counterbalanced
across participants.
Three primary outcome variables are derived

from the signal detection task: response bias (RB),
discriminability, and reaction time (RT; see
Pizzagalli et al., 2005). RB, the main variable of
interest, reflects the preference for the more-
frequently rewarded (rich) stimulus (i.e., an index
of reward responsiveness). RB is calculated as:

log b ¼ ½ log½ Richcorrect � Leanincorrectð Þ
= Richincorrect � Leancorrectð Þ�

Change in RB across blocks (ΔRB) has been
identified as a primary index of reward learning
during the task (e.g., Santesso et al., 2008). Prior
findings with this task inMDD and bipolar samples
have found reduced RB relative to nonpsychiatric
groups and have demonstrated inverse relation-
ships between RB and anhedonia (Pizzagalli, Goetz,
et al., 2008; Pizzagalli et al., 2009). Discriminability
is an index of participants’ ability to differentiate
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between the two different mouth stimuli (i.e., a
measure of task difficulty), and is calculated as
follows:

log d ¼ ½ log½ Longcorrect � Shortcorrectð Þ
= Longincorrect � Shortincorrectð Þ�

RT is the time elapsed in milliseconds from the
reappearance of the mouthless face and the partic-
ipant’s response.
According to published scoring procedures

(Pizzagalli et al., 2005), data were screened to
identify outliers both within blocks and across
participants. The following criteria were used to
determine outlying data, which were subsequently
removed from analyses: Within each block,
RTs b 150 msor N 2500 mswere used to determine
individual outlier trials. The following criteria were
used to determine outlier task administrations for
individual participants: b80%of valid trials within a
Block; b25 rich reward/block; N30 outlier trials for
any Block; andb60%accuracy for eachBlock.Using
these procedures, 24 (30%) participants were
identified as task outliers (15 outliers were identified
in the depressed nonsmoker group and 9 outliers
were identified in the depressed smoker group), and
their data were excluded. Outlier data for this study
are consistent with rates from other investigations of
this task in mood disorder and veteran psychiatric
samples (Ahnallen et al., 2012; Pizzagalli, Iosifescu,
et al., 2008).1

study design and procedure

During a preliminary telephone screening interview,
participants were provided with a description of the
study and engaged in a brief assessment to determine
possible inclusion/exclusion criteria. All participants
provided written informed consent prior to study
participation. The study visit consisted of three
primary components: (a) diagnostic assessment using
the SCID-CV, (b) completion of self-report question-
naires, and (c) completion of the computerized task.
1 To explore potential group differences between outliers and
nonoutliers on the task, a series of chi-square analyses was
conducted examining rates of outliers based on smoking, race,
gender, and marital status. None of these analyses were significant
(ps ranging from .22 - .98). In addition, a series of independent
samples t-tests was conducted to examine potential differences
between outliers and nonoutliers in terms of age and years of
education as well as depression severity (BDI-II) and anhedonia
(MASQ-AD). No significant group differences were found between
outliers and nonoutliers on any of these measures (ps ranging from
.34 – .76). Thus, the participants who were identified as having
outlier administrations of the task did not significantly differ from
participants retained for analyses based on demographic character-
istics and depressive symptom severity.
The SCID-CV was administered at the beginning of
the study day to determine diagnostic eligibility.
Participants then completed questionnaires assessing
psychiatric symptoms. Next, lunch was provided.
Participants who smoked were allowed to smoke ad
lib during circumscribed periods throughout the study
visit. All smokers took a standardized smoke break
following lunch during which they were asked to
smoke to satiation. Self-report measures assessing
smoking were completed following this smoke break
and immediately before initiation of the computerized
reward learning task. This research was conducted in
compliance with the Institutional Review Board of a
large VA Healthcare System.

statistical analysis

Participants were classified as nonsmokers if they
reported smoking zero cigarettes per day. Individuals
reporting one ormore cigarettes/daywere classified as
smokers. Independent samples t-tests and chi-square
analyses were used to examine group differences on
socio-demographic, psychiatric, and medication use
variables as well as self-report measures of anhedonia
and reward responsiveness (i.e., BDI-II total score and
loss of pleasure and loss of interest items, BISBAS–
Reward Responsiveness subscale; BISBAS–BAS,
MASQ–AD subscale). Mixed model repeated mea-
sures analysis of variance (ANOVA) was used to
examine group differences on outcome measures for
the task. Two separate 2 (Smoking status: smoker,
nonsmoker) × 2 (Block: 1, 2) analyses were conduct-
ed to examine RB and discriminability. For RT, the
repeatedmeasure of Stimulus (Rich, Lean)was added.
Reward learningwas operationalized as change in RB
from block 1 to 2 (ΔRB = RB Block 2 – RB Block 1).
Analyses were performed using SPSS statistical
software version 19.0 (SPSS Inc., Chicago, IL, USA).

Results
participant characteristics

Eighty veterans were recruited from a large VA
Healthcare System in the Northeastern United
States. Consistent with other veteran samples, the
majority of the sample was male (87.5%). Partic-
ipants reported an average age of 51.2 years (SD =
11.19, range = 25–80) and had completed an
average of 13.7 (SD = 1.86) years of education.
The sample was primarily composed of individuals
who identified as White/Caucasian (78.8%), with
smaller numbers of Black/African-American
(12.5%), Latina/o (3.8%), Asian/Pacific Islander
(2.5%), and other/multiracial (2.5%). The majority
of the sample (65.0%) reported taking an antide-
pressant medication at the time of enrollment
(SSRI: n = 31, SNRI: n = 6, NDRI: n = 16,
tricyclics: n = 4, tetracyclics: n = 13). A total of
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36 participants (45.0%) were classified as current
smokers. On average, depressed smokers reported
smoking 14.56 (SD = 7.28) cigarettes per day for a
period of 28.77 (SD = 13.71) years. Smoking
participants reported a moderate level of nicotine
dependence per the FTND (M = 4.83, SD = 2.38).
Depressed smokers and depressed nonsmokers

differed in terms of gender, marital status, educa-
tion, and expired-air CO levels (Table 1). Specifi-
cally, depressed smokersweremore likely to bemale,
χ2 (1) = 5.66, p = .02, less likely to be married,
χ2 (1) = 11.32, p = .05, evidenced higher expired-
air CO levels, t(77) = 9.49, p b .001, and reported
fewer years of education, t(77) = −2.62, p = .01.
Additionally, depressed smokers had lower rates
of antidepressant medication use, χ2 (1) = 9.09,
p = .003; however, smokers and nonsmokers did
not differ with respect to type (ps N .15) or number
(t[50] = − .25, p = .80) of currently used antidepres-
sant medications.

measures of anhedonia and reward
responsiveness

Consistent with hypotheses, relative to depressed
nonsmokers, depressed smokers, reported greater
Table 1
Demographic, Psychiatric, and Medical Characteristics of the Partic

Characteristic Smokers (n = 36)

Mean (SD) n (%

Age (years) 50.33 (10.13)
Education (years) 13.11 (1.50)
Gender
Male 35 (
Female 1 (

Ethnicity
White/Caucasian 27 (
Black/African-American 7 (
Latina/o 1 (
Asian/Pacific Islander 1 (
Other/Multiracial 0 (

Marital status
Never married 13 (
Married 2 (
Divorced/separated 18 (
Widowed 3 (

MDD diagnosis a 34 (
Dysthymic disorder diagnosis a 4 (
BDI-II score 31.28 (9.21)
CO level (ppm) 10.81 (6.52)
Anti-depressant medication use 17 (
Beta blocker use 0 (
Benzodiazepine use 4 (

Note. N = 80. Bold indicates p b .05. CO = carbon monoxide; BDI-II = B
major depressive disorder; ppm = parts per million.
a Assessed with the SCID-I for the DSM-IV – Clinician Version (First
loss of interest (BDI-II item 12), t(78) = 2.03, p =
.045, increased anhedonia (MASQ-AD), t(77) =
2.01, p = .048, and lower reward responsiveness
(BIS/BAS Reward Responsiveness subscale),
t(77) = −2.31, p = .024 (see Table 2). Cohen’s d
values for all significant mean differences ranged
from small to medium (.46 - .52; Table 2).
probabilistic reward task

Response Bias
The ANOVA revealed a significant main effect for
Block, F(1, 53) = 9.88, p = .003, η2 = .16, due to
overall increased RB from Block 1 (M = 0.12,
SD = .16) to Block 2 (M = 0.19, SD = .20). This
effect was qualified by a significant interaction for
Smoking Status × Block, F(1, 53) = 6.54, p = .013,
η2 = .11, indicating that the groups significantly
differed in reward learning (i.e., ΔRB). Paired-
samples t-tests indicated that RB significantly
increased from Block 1 to 2 in the depressed smoker
group (M = 0.10, SD = .16 vs.M = 0.23, SD = .20;
t(26) = 4.12, p = .001), but not in the depressed
nonsmoker group (M = 0.13, SD = .17 vs. M =
0.15, SD = .19; t(26) = − .41, p = .69; Figure 1).
ipant Sample as a Function of Smoking Status

Nonsmokers (n = 44)

) Mean (SD) n (%) p-value

51.86 (12.06) 0.55
14.18 (2.01) 0.01

97.2) 35 (79.5)
2.8) 9 (20.5) 0.02

75.0) 36 (81.8)
19.4) 3 (6.8)
2.8) 2 (4.5)
2.8) 1 (2.8)
0.0) 2 (4.5) 0.35

36.1) 10 (22.7)
5.6) 13 (29.5)
50.0) 19 (43.2)
3.8) 2 (4.5) 0.05
94.4) 41 (93.2) 0.82
11.1) 5 (11.4) 0.97

29.02 (9.59) 0.29
1.35 (.53) b .001

47.2) 35 (79.5) 0.003
0.0) 4 (9.1) 0.06
11.1) 7 (15.9) 0.54

eck Depression Inventory-II (Beck, Steer, & Brown, 1996); MDD =

et al., 1997).



Table 2
Differences Between Depressed Smokers and Depressed Nonsmokers on Self-report Measures of Depression, Anhedonia, and
Reward Responsiveness

Self report measure Smokers
(n = 36)

Nonsmokers
(n = 44)

Mean SD Mean SD t(df) p-value d

BDI-II total score 31.28 9.21 29.02 9.59 1.07(78) .290 .24
BDI-II – Loss of pleasure item 1.86 .72 1.77 .74 .54(78) .594 .12
BDI-II – Loss of interest item 2.22 .83 1.84 .83 2.03(78) .045 .46
BIS/BAS – Reward Responsiveness Subscale 14.78 2.88 16.19 2.54 −2.31(77) .024 -.52
BIS/BAS – BAS 33.64 6.87 36.90 8.08 −1.89(74) .063 -.44
MASQ – AD subscale 89.56 9.32 85.12 10.16 2.01(77) .048 .46

Note. Bold indicates p b .05. AD = Anhedonic Depression; BAS = total Behavioral Activation Scale; BDI-II = Beck Depression Inventory – II
(Beck, Steer, & Brown, 1996); BIS/BAS = Behavioral Inhibition and Activation Scales (Carver & White, 1994); MASQ = Mood and Anxiety
Symptom Questionnaire (Watson, Weber, et al., 1995); SD = standard deviation.
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Independent samples t-tests were used to examine
mean differences within individual blocks. Results
did not show a significant difference between the
depressed smoker and depressed nonsmoker groups
in RB within Block 1 or Block 2 (See Table 3).

Discriminability
The Smoking Status × Block ANOVA revealed a
main effect for Block, F(1, 53) = 5.82, p = .02,
η2 = .10, due to overall increases in discriminabil-
ity from Block 1 (M = 0.50, SD = 0.03) to Block 2
(M = 0.56, SD = 0.04). All other effects were not
significant, suggesting that smoking status did not
affect discriminability.

RT
The Smoking Status × Block × Stimulus ANOVA
demonstrated a main effect for Block, F(1, 53) =
FIGURE 1 Estimated marginal me
Blocks 1 and 2 in the probabilistic rew
for Block and significant interaction effe
10.54, p = .002, η2 = .17, due to the expected
faster RT in Block 2 (M = 571.32 ms, SD = 27.79)
versus Block 1 (M = 629.61 ms, SD = 30.59).
There was a significant main effect for Stimulus,
F(1, 53) = 21.16, p = .001, η2 = .29, with antici-
pated faster RT to the rich (M = 583.18 ms, SD =
27.15) versus lean (M = 617.84 ms, SD = 28.94)
stimulus. There was also a significant Block ×
Stimulus interaction, F(1, 53) = 8.53, p = .005,
η2 = .14, indicating that RT decreased to a greater
extent from Block 1 to 2 in response to the rich (M =
621.11 ms, SD = 231.57 vs. M = 545.80 ms,
SD = 186.22) versus lean st imulus (M =
638.74 ms, SD = 223.48 vs. M = 597.60 ms,
SD = 228.11). All other effects were not signifi-
cant, suggesting no modulations of smoking status
on reaction time across blocks.
ans for Response Bias across
ard task (significant main effect
ct for Block × Smoking Status).



Table 3
Performance Variables From the Reward-based Learning Task for Depressed Smokers and Depressed Nonsmokers

Smokers (n = 27) Nonsmokers (n = 28)

Variable Mean SD Mean SD

Response Bias
RB Block 1 .10 .155 .13 .165
RB Block 2 .23 .203 .15 .186
RB Total Task .16 .163 .14 .158

Discriminability
Discriminability Block 1 .47 .234 .52 .210
Discriminability Block 2 .55 .289 .57 .276
Discriminability Total Task .51 .243 .55 .224

RT (ms)
RT Block 1 (Rich stimulus only) 606.0 223.84 635.7 241.99
RT Block 1 (Lean stimulus only) 623.6 222.48 653.4 227.53
RT Block 1 (Rich + Lean) 614.8 221.66 644.4 231.64
RT Block 2 (Rich stimulus only) 531.0 185.12 560.1 189.54
RT Block 2 (Lean stimulus only) 576.0 221.14 618.4 236.78
RT Block 2 (Rich + Lean) 553.5 200.7 589.1 211.12
RT Total (Rich stimulus only) 568.4 195.34 597.5 205.57
RT Total (Lean stimulus only) 599.9 211.05 635.6 218.23
RT Total Task (Rich + Lean) 584.1 201.81 616.4 209.96

Note. RB = response bias; RT = reaction time.

Table 4
Hierarchical Regression Analysis Predicting Change in
Response Bias from Block 1 to 2 (ΔRB) Controlling for Group
Difference Variables

Predictor variables R2 t β p

Step 1 .12
Gendera −1.01 -.01 .92
Education (years) .96 .14 .34
SNRI useb 2.33 .31 .02
Marital statusc -.40 -.06 .69

Step 2 .26
Gender .48 .06 .64
Education (years) 2.08 .29 .04
SNRI use 2.29 .29 .03
Marital status .12 .02 .91
Smoking statusd 3.01 .42 .004

Note: β = standardized beta weight. SNRI = serotonin–norepi-
nephrine reuptake inhibitor.
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analyses controlling for demographic and
medication differences in the smoker and
nonsmoker groups

Although no significant differences were found
between the depressed smoker and nonsmoker
groups with respect to type or number of antidepres-
sant medications used, additional t-tests and Pearson
correlations were conducted to examine relation-
ships between use of each type of antidepressant
medication (SSRI, SNRI, NDRI, tricyclic, and tetra-
cyclic) and number of antidepressant medications
and task outcomes (Block 1 RB, Block 2 RB, and
ΔRB). Significant associations were found between
use of SNRI medication and Block 2 RB, t(53) =
2.48, p = .016, (No SNRI use: M = 0.17, SD =
0.19; SNRI use: M = 0.45, SD =0.10), as well as
use of SNRI medication and ΔRB, t(53) = 2.34,
p = .023 (No SNRI use: M = 0.06, SD = 0.16;
SNRI use: M = 0.28, SD = 0.12). No other signif-
icant associations were found between type or
number of antidepressant medications and RB.
A follow-up hierarchical regression analysis

was conducted to determine if the relationship
between smoking status and ΔRB remained after
controlling for SNRI medication use as well as
other demographic differences between depressed
smokers and depressed nonsmokers. In this analy-
sis, years of education, marital status, gender, and
SNRI use were entered on Step 1 of the model and
smoking status was entered on Step 2. Step 1 was
not significant, F(4, 53) = 1.73, p = .16, R2 = .12.
Step 2 contributed significantly to the model
(Δ R2 =.14), F(5, 53) = 3.41, p = .01, R2 = .26,
with smoking status (β = .42, t = 3.01, p = .004)
significantly predicting ΔRB after controlling for
SNRI use, years of education, gender, and marital
status (Table 4).

Discussion
The current investigation examined putative differ-
ences in self-report and behavioral (Pizzagalli et al.,
2005) measures of anhedonia and reward respon-
siveness between depressed smokers and non-
smokers. Consistent with hypotheses, depressed
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smokers reported higher baseline levels of trait
anhedonia and reduced reward responsiveness
compared with depressed nonsmokers. Specifically,
depressed smokers endorsed greater loss of interest
on the BDI-II, elevated anhedonia on the MAS-
Q-AD, and diminished reward responsiveness on
the BIS/BAS. These findings are in line with existing
literature, which has shown positive associa-
tions between anhedonia and smoking behavior
(i.e., increased craving and urge to smoke, poor
response to smoking cessation treatments; Ameringer
& Leventhal, 2010; Cook et al., 2010; Leventhal
et al., 2008; Leventhal et al., 2009).
With respect to reward-based learning, depressed

smokers (who were allowed to smoke to satiation
prior to the reward learning task) evidenced
stronger preference for the more frequently
rewarded stimulus (i.e., significantly increased
ΔRB). This suggests that nicotine-satiated smokers
with depression demonstrated more robust acqui-
sition of reward-based learning during the task as
compared to depressed nonsmokers. These findings
are consistent with preclinical and human studies
indicating that nicotine acutely enhances reward
learning and sensitivity to nondrug rewards (Barr
et al., 2008; Epping-Jordan et al., 1998; Kenny &
Markou, 2006). However, study results extend this
literature to highlight the effects of nicotine on
reward learning among individuals with clinical
depression. Study findings offer support for nicotine’s
role in enhancing reward learning among de-
pressed individuals, suggesting a potential mecha-
nism of action underlying the common co-occurrence
of depression and smoking behavior (Breslau et al.,
2004; Grant et al., 2004).
This mechanism may involve a complex interac-

tion of neuroanatomical and biochemical pathways
implicated in the brain’s reward system (Buhler
et al., 2010; Forbes, 2009; Holroyd & Coles,
2002). More specifically, depression and anhedonia
have been linked to hypoactivation in key struc-
tures of the reward pathway, including the caudate,
nucleus accumbens, and putamen, during both the
anticipatory/motivational and consummatory/
hedonic phases of reward learning (Gard, Kring,
Gard,Horan,&Green, 2007; Pizzagalli et al., 2009).
Similarly, abstinent smokers demonstrate dysfunc-
tion in the brain’s motivational system during the
anticipatory phase of reward learning, in particular
decreased striatal activity in anticipation of nondrug
reinforcers (Buhler et al., 2010; Peters et al., 2011).
However, acute nicotine exposure appears to ame-
liorate this hypoactivation among dependent
smokers, with data showing increased activation
after nicotine administration in the dorsal striatum
during anticipatory reward responding and in the
medial prefrontal cortex associated with sensitivity
to reward (Rose et al., 2013).
Collectively, these findings may point to the

possibility that depressed individuals with higher
levels of trait anhedonia utilize nicotine to enhance
reward learning processes, leading to higher rates of
smoking. Of note, significant differences were not
found between depressed smokers and depressed
nonsmokers in Block 1 RB in the current investi-
gation. This finding may suggest that depressed
smokers do not show baseline deficits in reward
learning as compared to depressed nonsmokers.
However, the presence of premorbid deficits in
reward learning among depressed individuals who
later become nicotine dependent is difficult to
evaluate with the current study design and sample
(i.e., participation of depressed smokers who self-
administered nicotine to satiation prior to task
completion). Studies that assess reward learning
prior to initiation of smoking behavior and/or during
smoking withdrawal support the presence of pre-
existing reward learning impairments, which are
ameliorated by subsequent nicotine administration.
For example, longitudinal research has shown that
baseline levels of depression are associated with
decreased responsivity to alternative reinforcers over
time, leading to later elevations in the onset and
frequency of cigarette smoking (Audrain-McGovern
et al., 2011). In addition, Pergadia, Der-Avakian,
Pizzagalli, and colleagues recently found that, in both
human smokers and nicotine-treated rats tested with
analogous versions of the Probabilistic RewardTask,
24-hour withdrawal from nicotine was associated
with blunted reward responsiveness. Of note,
abstinence-induced deficits in reward responsiveness
were greatest in participants with past MDD.
Moreover, among nicotine-treated rats, acute nico-
tine reexposure long after withdrawal potentiated
reward responsiveness (Der-Akavian et al., 2012;
Pergadia et al., 2012). When combined with these
findings, study results may point to the possibility
that depressed individuals with higher levels of trait
anhedonia utilize nicotine to ameliorate preexisting
reward learning deficits associated with hypoactivity
and altered dopaminergic signaling in midbrain
reward regions, thus leading to higher rates of
smoking. Results from the current investigation
also may support the use of cognitive-behavioral
treatments that aim to increase reward learning (e.g.,
behavioral activation) to improve smoking cessation
outcomes among individuals with depression.
Although the present investigation may have

important implications for understanding and
treating the co-occurrence of smoking and depres-
sion, several limitations should be noted. First, this
study did not have a nonpsychiatric smoker and/or
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nonsmoker group. Thus, we cannot determine
whether smoking before the task administration
normalized the blunted reward learning previously
described inMDD (Pizzagalli, Iosifescu, et al., 2008).
Second, this study utilized a naturalistic design,
allowing depressed smokers to smoke to satiation as
opposed to using an experimental manipulation of a
controlled dose of nicotine. Thus, variation in the
amount of nicotine consumedwas not controlled for.
Third, this study did not include a baseline nicotine
deprivation condition, which would have allowed
for examination of intra-individual differences in
reward learning between nicotine withdrawal and
acute nicotine reexposure states among depressed
smokers (e.g., Zhang et al., 2012). In addition, this
study did not assess prior smoking history, and
therefore possible inclusion of former smokers
(i.e., quitters, categorized as current nonsmokers in
the present study) may have influenced study results.
Finally, similar to other veteran samples, the current
sample was primarily composed of men. Therefore,
results should be interpreted cautiously, specifically
when generalizing findings to women.
Despite these limitations, results may suggest a

potential mechanism of action underlying the
frequent co-occurrence of depression and smoking
(Danaei et al., 2009; Lasser et al., 2000; Mokdad et
al., 2004). Findings also suggest the importance of
incorporating psychotherapeutic treatments that
target reward learning (e.g., behavioral activation)
to enhance smoking cessation outcomes among
individuals with depression. More generally, find-
ings highlight the need for continued investigation
of the role of anhedonia and associated reward
learning deficits in the onset and maintenance of
smoking behavior among depressed individuals.
Additional studies, particularly using longitudinal
designs, are needed to better explicate the causal
relationships among depression, anhedonia, smoking,
and reward learning. Furthermore, future studieswith
depressed samples would benefit from examining
effects of nicotine on the brain’s reward system during
both anticipatory and consummatory reward pro-
cessing, as well as effects on reward learning of
nicotine withdrawal and subsequent acute nicotine
reexposure. Additional research in this area is
particularly important given recent neuroimaging
findings suggesting that attenuation of reward
responsivity may be most acute during nicotine
withdrawal among smokers (Sweitzer et al., 2013).
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