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Abstract
Rationale Anhedonia—diminished capacity to experience
pleasure—is associated with tobacco dependence and smok-
ing cessation failure. However, the mechanisms linking
anhedonia and smoking are unclear.
Objectives This study examined whether trait anhedonia
predicted cognitive processing of emotional faces during
experimentally manipulated acute tobacco deprivation in
smokers. Because nicotine may offset reward processing
deficits in anhedonia and these deficits may become
expressed during abstinence, we hypothesized that anhedo-
nia would predict diminished cognitive processing of happy
(versus neutral) facial expressions in nicotine deprived, but
not nondeprived states.
Methods Smokers not attempting to quit (n075, 10+ cig/day)
completed anhedonia questionnaires in a baseline session.
Participants then attended two counterbalanced experimental
sessions: one following 18-h of tobacco abstinence and one
after unrestricted smoking. At both sessions, they completed a

computer-based measure of attentional interference induced
by emotional facial expressions.
Results The extent to which anhedonia predicted attentional
interference induced by happy faces differed as a function of
deprivation status (ps≤.04, ηp2s>.06). Anhedonia predicted
lower interference by happy (versus neutral) faces in the
deprived condition (r0−.28, p0 .02), but not in the nonde-
prived condition (r0.08, p0 .51). Analyses of a secondary
measure of anhedonia found marginally significant effects in
the same direction.
Conclusions These findings indicate that disrupted process-
ing of positively valenced social cues occurs upon absti-
nence in high-anhedonia individuals. This alteration may
motivate reinstatement of smoking in order to remediate
these deficits. More broadly, these results suggest that the
neuropharmacological pathways affected by nicotine may
underlie disrupted emotional processing in anhedonia—a
prominent feature in several psychiatric disorders.
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Nicotine withdrawal . Emotional processing . Facial
expressions

Introduction

Anhedonia—the inability to experience pleasure in response
to rewarding stimuli—is a key depression phenotype that is
implicated in addiction (Hatzigiakoumis et al. 2011).
Though levels of anhedonia can acutely fluctuate (e.g., onset
to offset of depressive episodes), anhedonia is typically
stable (Loas et al. 2009). Trait anhedonia lies on a continu-
um, varies widely in the population, and is psychometrically
distinct from other constructs such as affective flattening,
sadness, and amotivation (Leventhal et al. 2006; Loas et al.
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2009, 1994). Anhedonia’s neuropathology likely involves
attenuated mesolimbic activity and reduced sensitivity to the
effects of nondrug rewards on phasic mesolimbic dopamine
release (Nutt et al. 2007; Stein 2008).

Emerging data demonstrate an association between anhe-
donia and various addictive disorders (Hatzigiakoumis et al.
2011). In the case of tobacco use, trait anhedonia prospec-
tively predicts persistence of nicotine dependence and risk
of relapse following cessation (Cook et al. 2010; Niaura et
al. 2001), even after adjusting for other affective symptoms
(Leventhal et al. 2008b; Zvolensky et al. 2009). A promis-
ing theoretical model of the mechanisms underlying this
phenomenon is that individuals with high anhedonia are
motivated to smoke, in part, because of nicotine’s reward-
enhancing effects (Cook et al. 2007). Indeed, nicotine stim-
ulates mesolimbic dopaminergic release, which amplifies
the reinforcing (and potentially hedonic) properties of other
rewards (Paterson 2009). Thus, nicotine may briefly coun-
teract deficient mesolimbic activity and offset diminished
reward processing in high-anhedonia individuals. Once
habitual tobacco use is established, smoking discontinuation
may lead to the expression and exacerbation of preexisting
reward processing deficits in anhedonic smokers (Watkins et
al. 2000). Such changes could lead to the resumption of
smoking either following brief periods of abstinence (e.g.,
overnight) or during an intentional cessation attempt, which
could ultimately explain anhedonia’s relation with persistent
nicotine dependence.

In support of this model, Cook et al. (2007) found that
anhedonia predicted larger improvements in subjective
affect during an experimental positive mood induction when
participants concurrently smoked a nicotinized (versus deni-
cotinized) cigarette. In studies of acute nicotine deprivation,
anhedonia predicts diminished acute positive affect and
greater urge to smoke for pleasure enhancement when
smokers are acutely abstinent (Cook et al. 2004; Leventhal
et al. 2009). By contrast, anhedonia is not associated with
negative affect or desire to smoke to reduce negative affect
during nicotine deprivation (Cook et al. 2004; Leventhal et
al. 2009), suggesting that this pathway is specific to appeti-
tive processes rather than a general effect on any type of
affective process.

Prior work examining emotional processes involved in
anhedonia-smoking co-occurrence has utilized self-report
measures of subjective appetitive states. However, emotion-
al processing may be better characterized by indirect, objec-
tive measures that implicitly assess cognitive processing of
appetitive stimuli (Van der Gucht et al. 2009). Indeed, a
body of research illustrates that individuals with psychiatric
disorders, including depression, exhibited altered attentional
responses to emotional stimuli, particularly human facial
expressions (Mathews and MacLeod 2005). Thus, it is im-
portant to examine the interactive effects of anhedonia and

nicotine on cognitive processing of appetitive social stimuli,
such as happy facial expressions. Examining anhedonia’s
influence on processing emotional faces is also of interest
because social stimuli are very powerful reinforcers and
human faces have high ecological validity.

This study examined between-person variation in anhe-
donia as a predictor of cognitive processing of emotional
faces in smokers and explored whether experimentally ma-
nipulated acute nicotine deprivation moderated the relation
between anhedonia and emotional processing. Based on the
notion that nicotine offsets appetitive processing deficits
linked with anhedonia and that these deficits become
expressed during abstinence, we hypothesized that anhedo-
nia would predict diminished cognitive processing of happy
faces in nicotine deprived, but not nondeprived states.

Methods

Participants

Participants were 136 smokers recruited via community
advertisements. Inclusion criteria were (1) ≥18 years old, (2)
regular cigarette smoking for 2+ years, (3) currently smoking
10+ cig/day, (4) normal or corrected-to-normal vision, and (5)
fluent in English. Exclusion criteria were (1) current DSM-IV
nonnicotine substance dependence, (2) current DSM-IVmood
disorder or psychotic symptoms to minimize cognition-
impairing effects of acute psychiatric dysfunction, (3) breath
carbon monoxide (CO) levels <10 ppm at intake, (4) use of
noncigarette forms of tobacco or nicotine products, (5) use of
psychiatric medications, and (6) currently pregnant. Par-
ticipants were compensated $200 for completing the
study. Participants who were ineligible (n034), dropped
out (n015), twice failed to meet abstinence criteria at
the deprived session (n02, see below), or had outlying data on
the study task (n010) were excluded, leaving a final sample of
75 for analyses. The University of Southern California
Internal Review Board approved the protocol.

Procedure

Following a telephone screen, participants attended an
in-person baseline session involving informed consent,
breath CO analysis, psychiatric interview, and other meas-
ures of mood and smoking. Participants then attended two
counterbalanced (deprived and nondeprived) experimental
sessions that commenced at 12 p.m. For deprived sessions,
participants were instructed not to smoke after 8 p.m. the
night before the session. For nondeprived sessions, they
were instructed to smoke normally.

The procedures were identical across the two sessions
except that participants smoked a cigarette of their preferred
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brand (to standardize deprivation level) at the outset of the
nondeprived session prior to providing an exhaled CO,
whereas the deprived session began with CO assessment.
Participants with CO indicating nonabstinence (>9 ppm) at
their deprived session could return later that week for a
second attempt (n012). Those with CO >9 ppm on their
second attempt were dropped from further participation
(n02). Participants were then administered with meas-
ures of nicotine withdrawal, followed by a modified
Stroop task and visual probe task assessing attentional
bias toward smoking-related and emotional cues (not
reported here), and then the face processing task, which
was completed 30–40 min into the visit.1

Measures

Baseline session

Structured Clinical Interview forDSM-IVNon-Patient Edition
(First et al. 2002) was used to assess psychiatric diagnoses for
eligibility purposes. Fagerström Test of Nicotine Dependence
(FTND, Heatherton et al. 1991) was used to measure of
nicotine dependence severity.

Snaith–Hamilton Pleasure Scale (SHAPS, Snaith et al.
1995) is a 14-item questionnaire that was used to measure
anhedonia. Participants rate the degree of pleasure (00def-
initely agree to 30definitely disagree) they would hypothet-
ically experience in response to various interest/pastimes,
social activities, and sensory experiences that are typically
pleasant (e.g., “I would enjoy being with family or close
friends”). A mean score across the 14 items is generated.
The construct validity, internal consistency, and test–retest
reliability of the SHAPS are excellent (Franken et al. 2007;
Leventhal et al. 2006).

Tripartite Pleasure Inventory (TPI, Leventhal 2010) is a
self-report measure used to assess trait anhedonia, for which
participants rate 12 commonly pleasant experiences that
span interest/pastimes, social interaction, sensory, and
goals/mastery (e.g., “Accomplishing things, such as work,
taking care of family, or housework”). For the Responsivity
(TPI-R) subscale, participants rate how much pleasure/hap-
piness/enjoyment they usually feel from each experience
(40“No Pleasure” to “Extreme Pleasure”00). A mean score

across the 12 items is calculated. Although the psychometric
properties of the TPI-R have not yet been published, in this
sample, the TPI-R had good internal consistency (Cronbach’s
α0 .87) and excellent convergent validity with the SHAPS
(r0.70). The TPI-R served as a secondary anhedonia measure
in this study to examine if effects were consistent across
multiple measures. The 20-item Center for Epidemiologic
Studies Depression Scale (CESD, Radloff 1977) was used to
assess depressive symptom severity.

Experimental sessions

The Minnesota Nicotine Withdrawal Scale (MNWS,
Hughes and Hatsukami 1986), a well-validated measure of
11 symptoms and signs of tobacco withdrawal, was used to
assess robustness of the deprivation manipulation. The
MNWS composite was the mean of each symptom rating
(range 0–5).

Emotional Interference Gender Identification Task (EIGIT,
Kolassa and Miltner 2006; Leventhal and Kahler 2010) was
used to measure of implicit cognitive processing of socioemo-
tional stimuli. In this task, participants categorize the gender
of pictures of human faces expressing varying emotions.
Greater attentional capture by a stimulus’ emotional content
will inducemore interference away from the target response (i.
e., gender categorization) and result in slower reaction times
(RTs). EIGIT interference scores exhibit moderate internal
consistency and associate with relevant personality traits
(Leventhal and Kahler 2010).

Task procedure The task was administered via computer,
with stimuli and instructions presented on a 17-in. monitor.
Participants were instructed that the task examined detection
speed and accuracy. They were informed that faces would
be presented on the screen, and they were to identify the
gender of each face by pressing a corresponding keyboard
button as quickly and as accurately as possible. Following
eight practice trials with corrective feedback, participants
completed 192 experimental trials with no feedback.

On each trial, a target was presented and remained on the
screen until a response was made. An inter-stimulus interval
varying from 1,000 to 1,500 ms elapsed between trials to
prevent anticipation of target onset.

Stimuli Pictures were selected from the Japanese and
Caucasian Facial Expressions of Emotion system (Matsumoto
and Ekman 2004). As part of the development of these stimuli,
pictures were coded by the Facial Action Coding System
(Ekman and Friesen 1978) to ensure the validity for intended
emotion and comparability of expression intensity across
stimuli. Stimuli were 9 by 6.25 in. and were presented at
screen center. Eight different pictures were used for each
affective category (happiness, anger, fear, surprise). Each

1 It is possible that very early withdrawal symptoms may have been
emerging at the time of testing in the nondeprived condition (30–
40 min postcigarette), which could have impacted the results and
reduced the power to detect anhedonia by deprivation interactions.
However, it is unlikely that early withdrawal had a substantial effect
on the current findings, given that interactions between anhedonia and
deprivation were found. Furthermore, previous research suggests that
withdrawal-related changes in affective withdrawal symptoms do not
emerge until at least 60 min of abstinence (Hendricks et al. 2006).
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affective category had a matching neutral control set of eight
pictures including the same actor displaying a neutral expres-
sion.Within each category, there were two Caucasian females,
two Caucasian males, two Japanese females, and two
Japanese males.

Task structure The 192 experimental trials included two meta-
blocks of 96 trials. One meta-block contained emotional stimuli
and the other contained the matched neutral stimuli, with block
order counterbalanced across experimental sessions. Within
each meta-block, four separate blocks (one for each affect
category) were presented in random order. Within each 24-
trial block, the eight stimuli in that categorywere each presented
three times in random order with a 15-s inter-block interval. The
blocked structure was used to prevent carry over of interference
effects across stimulus categories (Waters et al. 2005).

Scoring Outliers in RT data can have substantial impact on
data interpretation, resulting in both false positive and false
negative results (Ratcliff 1993). In addition, error responses
on emotional interference tasks can be generated by a variety
of factors outside of those central to the process being studied
(e.g., fast guesses, lapses in attention) and are typically dealt
with by eliminating them from analyses (Leventhal and
Kahler 2010; Waters et al. 2003). Thus, task data from partic-
ipants with mean RTs 3 SD above the mean for one or more of
the study conditions (deprived-emotional, deprived-neutral,
nondeprived-emotional, nondeprived-neutral) were discarded
(n010) as were RTs for individual trials with incorrect
responses (mean error rate03.6%) or responses that were >3
SD of each participant’s mean RT to remove outliers
(Leventhal and Kahler 2010).2 The remaining trials were
used to calculate each participant’s mean RT for the 24 trials
within each category. Outcomes were interference scores for
each affect category (mean of emotional trials−mean of
matched neutral trials). Interference scores for happiness was
the primary outcome. To examine the discriminant validity of
the findings (i.e., whether associations with anhedonia were
specific to positively valenced versus any affectively valenced
stimulus), we analyzed the other interference scores (i.e.,
anger, surprise, fear) as secondary outcomes.

Analytic plan

Following calculation of descriptive statistics and examina-
tion of intercorrelations, all variables were checked for
normality, and transformations to approximate normality
were applied when appropriate. To assess deprivation
effects, MNWS and CO were compared across deprivation
conditions using paired samples t tests. Single-sample t tests
were conducted for each interference score to test departures
from zero. To address the study’s primary aim, mixed
general linear model analysis was used with interference
score serving as the dependent variable. Each model includ-
ed between-subjects continuous anhedonia score, within-
subjects deprivation status (deprived versus nondeprived),
and their interaction as predictors. Separate models were
tested for happiness, anger, fear, and surprise interference
outcomes. Each model was tested twice—once using
SHAPS score as the between-subjects predictor and once
substituting the TPI-R score as the predictor. Each model
was retested after adjusting for CESD score and the
CESD × deprivation interaction term to examine whether
anhedonia predicted variation in emotional processing
over and above shared variance with depression. Simple
effect analyses examined the correlation between anhe-
donia and interference scores separately in each depri-
vation condition. Additional models including order
(deprived-first/nondeprived-second versus nondeprived-
first/deprived-second) yielded no significant main or
interaction effects involving order, and the primary results
for anhedonia were unchanged. Therefore, analyses reported
do not include order as a factor.

Results

Sample characteristics

The average age was 42.3 (SD010.0) years, 72% were
male, self-identified racial composition was 61% black
and 39% white, and 13% reported being Hispanic/
Latino. On average, participants smoked 16.8 (SD0

7.2) cigarettes per day and started smoking regularly
at 18.1 (SD03.6) years of age. The average FTND
score was 5.3 (SD02.2), with 8% exhibiting very low
dependence (score of 0 to 2), 35% low (3–4), 15%
medium (5), 23% high (6–7), and 20% very high (8–10).
None of the above demographic and smoking variables were
significantly associated with EIGIT interference scores.
Scores on the affect measures were SHAPS (M00.63,
SD00.38), TPI-R (M01.05, SD00.59), and CESD (M0

9.04, SD07.38), and 17.3% scored above cutoffs on the
SHAPS indicating clinically significant anhedonia (Snaith et
al. 1995). Analyses of correlations among baseline variables

2 The number of outliers in this study may be considered high. There-
fore, we reran all analyses without excluding outliers. Results of
analyses that did not remove outliers were similar to the primary
analyses. SHAPS×deprivation interaction effect for predicting happy
face interference scores, F03.92, p0 .051, ηp

20 .05 (deprived: r0−.22,
p0 .04; nondeprived: r0−.02, p0 .85); TPI-R × deprivation interaction
effect for predicting happy face interference scores, F04.15, p0 .045,
ηp

20 .05 (deprived: r0−.24, p0 .03; nondeprived: r0.03, p0 .81).Thus,
primary results reported utilize data with outliers removed.
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showed that the SHAPS and TPI-R were not signifi-
cantly associated with CESD, FTND, or age but were
associated with each other.

Manipulation check

Deprivation effects were large for both CO (deprived: M0

5.79, SD02.10; nondeprived:M029.29, SD012.20; contrast:
t0−16.95, p<.0001, Cohen’s d0−2.00) and MNWS scores
(deprived: M01.83, SD01.01; nondeprived: M00.98, SD0
0.93; contrast: t07.31, p<.0001, d00.86).2

Analyses of interference scores

The mean interference scores for happiness (nondeprived,
M (SD)0−6.9 (92.9); deprived, M (SD)0−9.7 (125.2)),
anger (nondeprived0−4.7 (86.2), deprived0−22.2 (161.3)),
fear (nondeprived03.6 (78.5), deprived0−43.2 (167.4)],
and surprise (nondeprived0−5.1 (65.3), deprived0−1.9
(112.7)) stimuli were not significantly different from zero
for any of the conditions, with the exception of a significant
negative interference score for fear faces in the deprived
condition (p0 .03). The extent to which anhedonia predicted
happiness interference scores significantly (SHAPS) or mar-
ginally (TPI-R) differed as a function of deprivation status
(Table 1). Greater anhedonia was associated with signifi-
cantly less interference from happy (versus neutral) faces in
the deprived condition and was not associated with interfer-
ence scores in the nondeprived condition (Fig. 1). These
results remained after controlling for CESD score, which
did not significantly predict happiness interferences scores
in both deprivation conditions. Analyses predicting anger,

surprise, and fear interference scores in separate models
yielded no significant anhedonia × deprivation status inter-
actions when either the SHAPS or TPI-R was incorporated
as the measure of anhedonia.

Discussion

This study found that trait anhedonia predicted diminished
cognitive processing of happy relative to neutral faces but
only under conditions of acute nicotine deprivation. The
null association between anhedonia and happy face process-
ing under nondeprived conditions may reflect that acute
nicotine temporarily offsets emotion-processing disturban-
ces due to anhedonia (Cook et al. 2007). By contrast, the
inverse association between anhedonia and happy face
processing following tobacco deprivation may reflect the
exacerbation of anhedonia-related emotion-processing
disturbances by acute nicotine withdrawal (Cook et al.
2004). Anhedonia did not predict processing of angry,
surprised, or fearful faces as a function of deprivation,
and the primary results were not altered by statistically
controlling for level of overall depressive symptoms.

It is important to consider that happiness interference
scores did not differ significantly from zero in the overall
sample in each condition. As illustrated in Fig. 1, the trend
line for the scatterplot regressing happiness interference
scores on anhedonia in the nondeprived condition level
hovered around zero. Though there was a scatter above
and below the trend line, this variation did not depend on
level of anhedonia. By contrast, deprivation resulted in a
separation of low and high anhedonia individuals—low

Table 1 Results of general linear model analyses examining anhedonia and deprivation status as predictors of happiness interference scores

Predictors Unadjusteda Adjustedb

F(1, 72) p ηp
2 F(1, 71) p ηp

2

Model with SHAPS

SHAPS 2.80 .10 .04 2.60 .11 .04

Deprivation 0.82 .89 <.01 0.82 .89 <.01

SHAPS × deprivation 4.45 .04 .06 4.50 .04 .06

Model with TPI-R

TPI-R 11.89 .0009 .14 12.07 .0009 .15

Deprivation 0.82 .89 <.01 0.82 .89 <.01

TPI-R × deprivation 2.75 .10 .04 2.76 .10 .04

n075. Happiness interference scores RT on happiness trials–RT on neutral trials

SHAPS Snaith–Hamilton Pleasure Scale continuous score, TPI-R Tripartite Pleasure Inventory-Responsiveness subscale continuous score, CESD
Center for Epidemiologic Studies Depression Scale
a Included primary predictors in model only
b Adjusted for CESD and CESD × deprivation interaction term. Deprivation (deprived versus nondeprived)
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anhedonia smokers demonstrated interference from hap-
py faces, yet high anhedonia individuals demonstrated
facilitation from happy faces or perhaps a greater inter-
ference from neutral relative to happy faces. Depressed
individuals are more likely to inaccurately perceive neu-
tral faces as negatively valenced (Gollan et al. 2008;
Leppanen et al. 2004). If this phenomenon extends to
acutely deprived anhedonic smokers, high-anhedonia
participants may have been more likely to incorrectly
perceive negative affect in neutral faces while in nico-
tine withdrawal, which could have heightened the sa-
lience of neutral faces. At the same time, nicotine
withdrawal may have exacerbated anhedonia-related re-
ward processing deficits thereby diminishing the atten-
tional salience of happy faces. Collectively, these two
factors may have combined to generate happy interfer-
ence scores that were in the negative direction for abstinent
high-anhedonia smokers.

The findings were not entirely consistent across the two
measures of anhedonia as statistical evidence constituted
only a trend for the TPI-R. The SHAPS primarily assesses
low-arousal rewarding experiences, whereas the TPI
assesses both low and high arousal experiences (e.g., physical
activity, sexual interaction). Perhaps, variability in pleasure
response across high versus low arousal experiences may
influence interactions between nicotine and socioemotional
processing. Alternatively, the disparate findings across the
SHPAS and TPI-R may simply reflect measurement error in
the instruments used.

These results shed light on individual differences in the
processes that maintain daily smoking behavior and underlie
postcessation relapse. For instance, the expression of dis-
rupted emotional processing in high-anhedonia individuals
following cessation may lead to increased risk of relapse in
order to remediate these deficits. This supposition is sup-
ported by two lines of evidence: (a) data illustrating that

Fig. 1 Scatterplot of anhedonia level and happiness interference
scores across conditions. n075. Relation between SHAPS and happi-
ness interference scores in nondeprived (a) and deprived (b) conditions
with respective correlation coefficients. Relation between TPI-R and
happiness interference scores in nondeprived (c) and deprived (d)

conditions with respective correlation coefficients. SHAPS, Snaith–
Hamilton Pleasure Scale; TPI-R, Tripartite Pleasure Inventory-
Responsiveness subscale score; happiness interference scores, RT on
happiness trials–RT on neutral trials
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diminished cognitive processing of appetitive words during
acute nicotine withdrawal marginally predicts relapse fol-
lowing cessation (Powell et al. 2004); and (b) data
showing that higher levels of anhedonia predict shorter
time to lapse and relapse (Cook et al. 2010; Niaura et
al. 2001), increased odds of relapse (Leventhal et al.
2008b; Zvolensky et al. 2009), increased number of past
failed quit attempts (Leventhal et al. 2009), and a great-
er proportion of prior quit attempts that end in early relapse
(Leventhal et al. 2009).

The present findings may also be useful for considering the
potential utility of social support in smoking cessation for
smokers with high anhedonia. Data illustrate that social sup-
port may be a powerful aid to smoking cessation (Westmaas et
al. 2010). Yet, those with higher levels of anhedonia may
benefit less from social support, due to abstinence-induced
disturbances in processing of socioemotional stimuli, and
corresponding biases in social cognition. Thus, behavioral
interventions designed to enhance engagement with and con-
nection to social rewards may be a useful adjunctive smoking
cessation treatment for individuals with high trait anhedonia
(MacPherson et al. 2010).

These results may potentially generalize to other psycho-
motor stimulant drugs. Anhedonia is associated with amphet-
amine and cocaine use disorders (Leventhal et al. 2010,
2008a). Similar to nicotine, these drugs are known to promote
sustained mesolimbic dopamine release and have reward-
enhancing effects (Phillips and Fibiger 1990; Robbins
1977). Furthermore, trait anhedonia predicts enhanced sensi-
tivity to the acute subjective mood-enhancing effects of D-
amphetamine (Tremblay et al. 2002, 2005). Thus, other
psychostimulant drugs may also offset emotion-processing
disturbances associatedwith anhedonia, whichmay ultimately
increase risk for cocaine and amphetamine dependence in
high-anhedonia individuals.

The current results also are relevant to understanding the
underpinnings of the anhedonia phenotype, which is prom-
inent in a variety of psychiatric disorders that are comorbid
with smoking, including psychosis (Cohen et al. 2011),
mood disorder (Vrieze and Claes 2010), substance depen-
dence (Hatzigiakoumis et al. 2011), borderline personality
disorder (Bandelow et al. 2010), social phobia (Watson and
Naragon-Gainey 2010), and posttraumatic stress disorder
(Kashdan et al. 2006). This study suggests that the neural
substrates affected by nicotine and nicotine deprivation,
such as the mesolimbic dopamine system, may also mediate
the emotional processing disturbances that are prominent
in anhedonia and may potentially occur in a variety of
psychiatric disorders.

There are some limitations to this study that should be
considered when interpreting these results. First, by the
nature of the tobacco deprivation manipulation that was
used, the extent to which pharmacological (e.g., disruption

of biological homeostasis caused by nicotine removal) ver-
sus nonpharmacological (e.g., beliefs about the effects of
tobacco abstinence, loss of sensorimotor stimulation) factors
affected the findings are not clear and should be addressed
in future work. Second, we included smokers not interested
in quitting, which leaves unclear whether the findings may
generalize to individuals undergoing an actual cessation
attempt. Also, individuals with current psychiatric disorders
were excluded; thus, it is unknown if individuals with
extreme anhedonia levels show similar patterns of alteration
in emotional processing. Third, we did not compare effects
between social and nonsocial emotional stimuli. Thus, while
these findings suggest that anhedonia’s relation to altered
emotional processing extends to social stimuli, it is unclear
if these results reflect a general disruption of processing any
type of positively valenced stimulus or are specific to social
cues. Finally, we included only self-report unidimensional
measures of anhedonia. Anhedonia can be parsed into social
versus physical (Fonseca-Pedrero et al. 2009) as well as
anticipatory versus consummatory (Gard et al. 2007) sub-
dimensions. Anhedonia can also be measured objectively
via indirect methods (Pizzagalli et al. 2005). Accordingly, it
will be of interest to examine whether altered emotional
processing following tobacco abstinence is predicted by
each of these subfacets of the anhedonia construct.

Limitations notwithstanding, to our knowledge, this is
the first study to demonstrate that trait anhedonia predicts
altered emotional processing in acutely abstinent cigarette
smokers. These findings provide insight into putative
psychobiological mechanisms underlying anhedonia, nicotine
dependence, and their comorbidity. Given these results, it is
expected that mesolimbic dopamine system and emotional
processing of social stimuli may be fruitful targets for research
and treatment of anhedonia, particularly within the context of
smoking cessation.
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