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Animal research suggests that anhedonia is a tobacco withdrawal symptom, but this topic has not been
addressed definitively in research with humans. This research sought to determine whether anhedoniaiis (a)
an element of the tobacco withdrawa syndrome in humans and (b) an impediment to successful tobacco
cessation. Data were from 1,175 smokers (58.3% women; 85.5% White) participating in a randomized
double-blind, placebo-controlled trial of smoking cessation pharmacotherapies. Ecological momentary assess-
ments for 5 days before and 10 days after the target quit day were used to assess anhedonia and other
established withdrawal symptoms. Consistent with drug withdrawal, anhedonia showed an inverted-U pattern
of change in response to tobacco cessation and was associated with the severity of other withdrawal symptoms
and tobacco dependence. Postquit anhedonia was associated with decreased latency to relapse (hazard ratio =
1.09, 95% confidence interval [CI] [1.02, 1.17]) and with lower 8-week point-prevalence abstinence (odds
ratio = .91, 95% Cl [.86, .97])—relations that remained significant when other withdrawa symptoms were
included as predictors. Finaly, nicotine replacement therapy nearly fully suppressed the increase in
abstinence-related anhedonia (B = —.66, p < .001), suggesting agonist suppression of withdrawal. Results
suggest that anhedoniais a unique and motivationally significant element of the tobacco withdrawal syndrome
in humans. These results have implications for defining and assessing tobacco use disorder and for under-
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standing and tresting tobacco addiction.
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Nicotine and nicotine deprivation can affect the capacity to expe-
rience pleasure. Research clearly shows that nicotine produces plea-
sure and effectively rewards instrumentd responses (e.g., Corrigal,
1999; Harvey et d., 2004). For instance, conditioned place preference
inanimals(e.g., Le Foll & Goldberg, 2005), human laboratory (Gloria
et d., 2009; Perkins, Grobe, & Fonte, 1997; Stein et a., 1998), and
brain imaging studies (e.g., Gloria et d., 2009) al demonstrate that
nicotine directly produces pleasure. Emerging research suggests that
nicotine may aso affect the reward and incentive value of nondrug
stimuli. Caggiulaand colleagues (e.g., Caggiulaet a., 2009; Chaudhri
et d., 2006; Donny et a., 2003) have demonstrated that administration

of nicotine to rodents increases their rate of responding for nondrug
rewards. Moreover, such apparent reward-enhancing effects of nico-
tine are nonassociative in both animals (Chaudhri et d., 2006) and
humans (Perkins & Karelitz, 2013); thus, smoking could presumably
enhance the appetitive effects of virtualy any nondrug pleasurable
event that a smoker encounters in daily life.

There is aso evidence that nicotine deprivation can diminish
reward value, leading to anhedonia—the reduced experience of
pleasure in response to reward. Animal research provides evidence
that nicotine deprivation following prolonged exposure to nicotine
results in decreased instrumental responding for rewarding elec-
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trical brain stimulation, a putative measure of anhedonia (e.g.,
Epping-Jordan, Watkins, Koob, & Markou, 1998; Hilario, Turner,
& Blendy, 2012; Johnson, Hollander, & Kenny, 2008). Further,
animal research suggests that the time course of anhedonia fol-
lowing nicotine deprivation is consistent with nicotine withdrawal
(Hilario et a., 2012; Johnson et a., 2008), and it is accompanied
by an increase in the reward value of acute nicotine administration
(Hilario et al., 2012), consistent with nicotine withdrawal in hu-
mans (e.g., Gloria et a., 2009).

Laboratory research with humans also suggests that nicotine
deprivation results in anhedonia. For example, deprived smokers
show diminished (a) responding (Al-Adawi & Powell, 1997;
Dawkins, Powell, West, Powell, & Pickering, 2006; Powell,
Dawkins, & Davis, 2002; Powell, Pickering, Dawkins, West,
& Powell, 2004) and (b) reports of pleasure (Dawkins, Acaster, &
Powell, 2007; Dawkins & Powell, 2011; athough cf. Snuggs &
Hajek, 2013) to nondrug rewards. Nicotine-deprived smokers also
expect to derive less enjoyment from hypothetical pleasurable
situations than do satiated smokers (Powell et al., 2002; Powell et
al., 2004). Thus, considerable laboratory research is consistent
with the hypothesis that anhedonia is an element of nicotine
withdrawal in humans (e.g., Dawkins et al., 2007).

Finding that anhedonia is a symptom of the tobacco withdrawal
syndrome could have both theoretical and clinical importance.
Anhedonia could inform the assessment of tobacco dependence,
serve as atarget of treatment devel opment, and explain some of the
motivational force of dependence. Deprivation-induced anhedonia
could affect tobacco motivation via multiple routes. It could blunt
pleasurable response to environmental rewards, which could both
impact affect and reduce engagement in pleasurable activities.
Such a narrowing of environmental rewards could render tobacco
deprivation more aversive, and nicotine's appetitive effects more
salient by contrast. In addition, to the extent that tobacco use
reverses abstinence-induced anhedonia, dependent tobacco users
might resume smoking to restore the rewarding value of nonphar-
macologic rewards (Dawkins et al., 2007; Perkins & Karelitz,
2013).

An increase in anhedonia following nicotine deprivation could
reflect either (d) an offset effect whereby appetitive capacity
dissipates due to the loss of a direct, agonist effect of nicotine
(Hughes, 2007c) or (b) a withdrawal effect whereby relatively
tonic neuroadaptations caused by chronic nicotine exposure lead to
the expression of appetitive deficits upon nicotine removal. In the
case of an offset effect, anhedonia would remain elevated and
stable throughout the cessation attempt and thereafter, provided the
individual does not return to smoking. In contrast, a withdrawal
effect would produce an initial increase in anhedonia following
nicotine deprivation, but the anhedonia would diminish over
time—its biphasic (inverted U-shaped) nature presumably reflect-
ing homeostatic adjustments (e.g., Koob, Markou, Weiss, & Schul-
teis, 1993; Siegel, 1983; Solomon & Corbit, 1973).

While prior research has been of great value, additional research
is needed to determine whether anhedonia displays the features of
anicotine withdrawal symptom in humans. For instance, almost no
research has defined anhedonia based upon diminished response to
real-world pleasurable events that occur in smokers' daily lives
(although cf. Snuggs & Hajek, 2013). Moreover, it remains unclear
whether anhedonia following tobacco deprivation in humans meets
other criteria emblematic of the tobacco withdrawal syndrome
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such as (a) exhibiting a curvilinear trajectory consistent with a
withdrawal phenomenon (e.g., peaks shortly after drug deprivation
followed by gradual decline with continued deprivation; Hughes,
2007c) and (b) reduction by agonist administration (Benowitz,
2010; Siegel, 1983).

The present study sought to determine whether anhedonia is a
component of the tobacco withdrawal syndrome in humans. Smok-
ersin acessation trial (N = 1175) reported daily pleasure derived
from putative rewards in the natural environment for 5 days before
and 10 days after the target quit day. Evauation of whether
anhedonia is a withdrawal symptom was based primarily on
whether (@) anhedonia showed a time-course consistent with with-
drawal (i.e., peaking shortly after drug deprivation, followed by
return to prequit levels; Hughes, 2007b; Piasecki, Jorenby, Smith,
Fiore, & Baker, 20033, 2003b; Welsch et al., 1999) versus a
unidirectional change associated with an offset effect (Hughes,
2007c) and (b) anhedonia was reduced by agonist administration
(Benowitz, 2010; Kenny & Markou, 2006; Koob et al., 1993;
Malin et a., 1996; Solomon & Corbit, 1973). We also assessed
whether anhedonia conformed with several other features of a
withdrawal symptom. First, we examined anhedonia s correlations
with other, established withdrawal symptoms given that with-
drawal symptoms tend to be meaningfully correlated with one
another (Robinson et al., 2011; Zinser, Baker, Sherman, & Can-
non, 1992). Second, we examined anhedonia’s relations with to-
bacco dependence (American Psychiatric Association, 2013;
Baker et d., 2012), as withdrawa symptoms tend to be correlated
with dependence measures, abeit, often modestly (Baker et al.,
2012; Killen, Fortmann, Telch, & Newman, 1988). Finally, we
sought to determine if anhedonia, like some other withdrawal
symptoms (e.g., negative affect: Baker, Piper, McCarthy,
Majeskie, & Fiore, 2004; Piasecki et al., 2003b), has motivational
properties that could serve as a barrier to tobacco cessation. Spe-
cifically, we determined whether anhedonia contributes predictive
information regarding cessation outcomes beyond that provided by
craving and negative affect, the two withdrawal symptoms most
robustly associated with tobacco dependence and abstinence (e.g.,
Baker et al., 2012; Hendricks, Ditre, Drobes, & Brandon, 2006;
Leventhal, Waters, Moolchan, Heishman, & Pickworth, 2010).
Therefore, the two primary aims of this research were to determine
whether anhedonia meets criteria for a tobacco withdrawal symp-
tom and to determine whether it provides important information
relevant to tobacco motivation (i.e., indexes the likelihood of
cessation failure following a quit attempt).

Method

Participants

This study is a secondary analysis of a smoking cessation
clinical trial (see Piper et al., 2009). A total of 1,504 smokers from
South Central Wisconsin participated in the trial. The 1,175 par-
ticipants with compl ete anhedonia data constituted the final sample
used in this analysis. All participants smoked at least 10 cigarettes
per day for the past 6 months and were motivated to quit smoking.
Exclusion criteria included a contraindication for study medica-
tion; a history of psychosis, bipolar disorder, or an eating disorder;
or a consumption pattern of six or more acoholic beverages at
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least 6 days aweek. This study was approved by the University of
Wisconsin Health Sciences Institutional Review Board.

Procedure

Participants were recruited through media advertisements and
earned media such as TV interviews and press releases. Study can-
didates who passed an initiad phone screen were invited to an infor-
mation session where they provided written informed consent. Par-
ticipants then attended three baseline assessments during which they
underwent multiple screenings, including amedical history screening
and a carbon monoxide bresth test. Participants also completed de-
mographic, smoking history, and tobacco dependence questionnaires.
Participants were then randomized to treatment conditions.

Treatment

Eligible participants were randomized, blocked on gender and
ethnicity, to one of six treatment conditions: (a) bupropion (dow
release [SR]) (9 weeks, starting 1 week prior to thetarget quit day), (b)
nicotinelozenge (12 weeks starting on the target quit day), () nicotine
patch (8 weeks starting on the target quit day), (d) nicotine patch +
nicotine lozenge, (€) bupropion SR + nicotine lozenge, or (f) placebo.
There were five placebo conditions matched to each of the active
treatment conditions, such that each congtituted one fifth of the
placebo control group. All participants received six counseling ses-
sions.

M easures

Smoking status. Daily smoking data were collected with a
smoking calendar using the timeline follow-back method (Sobell,
Brown, Leo, & Sobell, 1996). Seven-day point-prevalence absti-
nence was assessed 8 weeks after the target quit day and biochem-
ically confirmed by a carbon monoxide rating of <10 ppm.

Cessation milestone variables. Three smoking cessation
milestone variables were created using the smoking calendar data.
The initial abstinence variable indicates whether participants
smoked zero cigarettes on at least 1 day in the first 14 days
following the target quit day. The lapse variable—computed for
those who achieved initial abstinence—indicates the number of
days between the first day participants smoked zero cigarettes and
the first day they smoked a cigarette. The relapse variable—
computed for participants who lapsed—indicates the number of
days from the lapse day until the relapse day (the first of 7
consecutive days of smoking). Individuals were censored at the
time of their last contact if they did not report an event (i.e., lapse,
relapse; Japuntich, Piper, Leventhal, Bolt, & Baker, 2011).

Dependence. Participants completed the six-item Fagerstrom
Test for Nicotine Dependence (FTND; Heatherton, Kozlowski,
Frecker, & Fagerstrom, 1991), including “time to first cigarette,”
which has been shown to relate strongly to smoking heaviness,
withdrawal, and cessation failure (Baker et a., 2007; Bolt et &l., 2009;
Heatherton, Kozlowski, Frecker, Rickert, & Robinson, 1989). Partic-
ipants aso completed the Wisconsin Inventory of Smoking Depen-
dence Matives (WISDM; Piper et al., 2004), which includes 13
theoretically derived motivational domains thought to reflect elements
of tobacco dependence. Variance in overal WISDM scorereflectsthe
influence of the measure’s two mgjor factors—the primary depen-
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dence motives (PDM) and secondary dependence motives (SDM).
The PDM constitutes the core of tobacco dependence (smoking is
heavy, automatic, out of control, and related to significant craving)
while the SDM assesses instrumental reasons for using tobacco (e.g.,
smoking to regulate mood or hunger; Piasecki, Piper, Baker, &
Hunt-Carter, 2011). We statigtically controlled effects of the SDM
when examining PDM associations (and vice versa;, see Piasecki,
Piper, & Baker, 2010a, 2010b).

Mood disorder history. Participants were assessed for
whether they met diagnostic criteriafor amood disorder in the past
12 months or ever in their life via the Composite International
Diagnostic Interview (Wittchen, 1994), a structured clinical inter-
view administered by study personnel using Computer Assisted
Personal Interviews, Version 20.

Ecological momentary assessments (EMAS). Persona digi-
tal assistants prompted participants to answer questions four times
a day (after waking, before bed, and at two other random times
during the day) for up to 2 weeks prior to and 2 weeks after their
target quit day. This research analyzed data from 5 days before to
10 days after the target quit day.® As in our previous research
(Piper et a., 2011), we included items selected from validated
questionnaires such as the Wisconsin Smoking Withdrawal Scale
(Welsch et al., 1999) and the Positive Affect Negative Affect Scale
(Watson, Clark, & Tellegen, 1988). Each EMA prompt asked
participants to report on a slider that ranged from O (disagree) to
10 (agree) how they felt in the last 15 min on the following items:
(a) six negative-affect items (tense or anxious; impatient; bothered
by negative moods such as anger, frustration, or irritability; irri-
table or easily angered; sad or depressed; and hopeless or discour-
aged); (b) two craving items (bothered by desire to smoke a
cigarette; urge to smoke), the two strongest loading itemsin ascale
derivation factor analysis; (c) two concentration items (hard to pay
attention; difficult to think clearly); and (d) two hunger items
(thinking about food alot; hungry). A composite consisting of the
mean of the items from each domain (e.g., negative affect; craving)
was used in analyses.

During the evening prompt, participants also reported how much
pleasure they experienced that day on a dlider that ranged from O
(no pleasure) to 10 (extreme pleasure), from three domains (social,
recreation, and performance/ accomplishment) that are used in
standardized, well-validated anhedonia scales (Fawcett, Clark,
Scheftner, & Gibbons, 1983; Snaith et al., 1995). For example, for
the recreation domain, participants were asked, “Think about the
most pleasant thing you did for fun today. How much pleasure did
you get from this?’ Because scores in the three pleasure domains
were highly correlated (prequit rs = .77-.81; postquit rs = .75—
.77; ps < .01), a mean of the scores from the three domains was
used in analyses. Pleasure responses were reverse scored so that
higher scores reflected greater anhedonia.

Analytic Plan

The within-subjects, repeated measures withdrawal data were
analyzed in growth-curve analyses using a two-level hierarchical

1 Responses outside this window were eliminated from analyses because
not all participants completed the full assessment period based on appoint-
ment scheduling, resulting in insufficient data for analysis of treatment
subgroups.
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linear model with restricted maximum likelihood estimation (HLM
5.04; Raudenbush, Bryk, & Congdon, 2001). A discontinuous
piecewise linear model was fit for each withdrawal symptom
(anhedonia, craving, negative affect, hunger, and concentration),
with the quit day constituting anode of discontinuity and with each
variable modeled with regard to time of measurement.

Y =B0 + B1(pre— post jump) + B2 (prequit day)
+ B3(postquit day) +e (1)

The pre—post variable was a dummy variable coded as O if the
data were collected before the quit day and as 1 if the data were
collected on or following the quit day. The days prequit variable
indicated the number of days prior to the quit day coded negatively
(i.e., =5, —4, etc., to 0 at the quit date and al days postquit), and
the days postquit variable indicated days since the quit day coded
positively (i.e., 0 for all days prior to the quit date, and from 0 on
the quit date [12:01 a.m.] up to +10 days postquit). Therefore, the
model represented individual differences in withdrawal change
with respect to four parameters. (a) the prequit intercept (B0), or
the mean level of the symptoms immediately prior to the quit
attempt (i.e., prior to Day 1 postquit when all time variables were
coded as 0); (b) the jump in symptoms that occurred on the quit
day (B1); (c) the prequit slope (B2, the expected change in symp-
toms per day prequit); and (d) the postquit slope (B3, the expected
change in symptoms per day postquit). All four of these effects
were allowed to vary randomly across persons. In addition, agonist
treatment was modeled as a between-subjects dummy factor (1 =
nicotine replacement therapy [NRT], 0 = placebo) and entered as
a predictor of al four parameters at Level 2 of the model.

Because accounting for postquit smoking is important when
examining abstinence effects (Hughes, 2007c), we also examined
the anhedonia temporal pattern in a restricted sample of partici-
pants who smoked fewer than a mean of five cigarettes per day
during the first 10 days after the target quit day. The five-cigarette
cut-off represents half of the minimum baseline smoking rate to
qualify for study entry (10 cigarettes per day for the last 6 months),
suggesting that smokers remaining in the analyses had meaning-
fully reduced their drug intake and experienced significant with-
drawal symptoms even if they were not entirely abstinent (Piasecki
et al., 2003a). Only 32.2% of participantsin this study reported no
smoking in the first 10 days postquit, and 80.5% reported smoking
less than one cigarette per day, on average, in the first 10 days
postquit. This suggests that excluding all participants who smoked
at all would create an unrepresentative sample. In addition, ex-
cluding those who relapsed (smoked daily) would likely exclude
smokers who experienced the greatest withdrawal symptoms
(Hughes, 2007a; Piasecki et al., 2003a, 2003b).?

Additional analyses were conducted using PASW Statistics 17.0
to relate cessation outcomes and dependence scores with with-
drawal symptom and anhedonia scores. To permit comparison with
prior findings in this area and because of demonstrated predictive
validity (Baker et al., 2012; Piper et al., 2011), symptoms were
modeled via mean prequit, mean postquit, and change from pre- to
postquit (via residualized postquit scores). Relations between an-
hedonia and lapse and relapse likelihood were modeled with Cox
proportional hazard analyses. Individuals were censored at the
time of their last contact if they did not report an event (e.g., lapse,
relapse). Logistic regression was used to analyze initial abstinence
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and 8-week point-prevalence outcomes. Consistent with the intent-
to-treat principle, al randomized participants were retained in the
analyzed dataset; participants who did not provide outcome infor-
mation were assumed to be smoking. Smoking cessation mile-
stones were examined out to 8 weeks postquit because this time-
frameis sufficiently proximal to be influenced by early withdrawal
symptoms but sufficiently distal to be a good predictor of long-
term outcome (e.g., 6 months postquit).

For both point-prevaence and survival models, univariate models
were initialy run that identified whether anhedonia was significantly
associated with smoking outcomes. We then included withdrawal
symptom covariatesin the models (i.e., negative affect and craving) in
order to determine whether anhedonia provided orthogonal predictive
validity. Finally, other substantively relevant covariates were added to
the models (i.e., type of treatment [0 = placebo, 1 = monotherapy,
2 = combination therapy], tobacco dependence, mood disorder within
the past 12 months, and gender).

We examined missing anhedonia EMA data by creating vari-
ables for each subject representing the number of completed an-
hedonia daily EMA assessments during the pre- and postquit
assessment periods. Of the possible five prequit anhedonia assess-
ments used to derive mean prequit anhedonia, the mean number of
completed assessments was 3.61 (SD = 1.30). Of the possible 10
postquit anhedonia assessments, the mean number of completed
assessments was 4.90 (SD = 2.82). Using a missingness modera-
tion method to test the assumption that the missingness was not
random (Piper et al., 2011), we controlled for missingness statis-
ticaly by including the number of completed EMA assessments
and the Anhedonia X Completed Assessments interaction term in
all models examining the relation between anhedonia and smoking
cessation outcomes (initial cessation, lapse, relapse, and point-
prevalence abstinence). The number of completed EMA assess-
ments was significantly associated with all cessation outcomes (all
ps < .01), but the Anhedonia X Completed Assessments interac-
tion term was not significantly associated with abstinence. When
number of completed EMA assessments was included in each of
the cessation models, EMA missingness did not change the pat-
terns of significant findings obtained. In addition, neither prequit
anhedonia nor postquit anhedonia was significantly associated
with missing abstinence data at 8 weeks postquit (odds ratio
[OR] = .94, 95% confidence interval [Cl] [.85, 1.04], p = .21, and
OR = .99, 95% C I[.86, 1.10], p = .82, respectively).

Results

Participant Characteristics

Of the 1,175 participants included in this study, 58.3% were
women. The mgjority of participants were White (85.5%), 11.7%
were African American, and 2.8% reported another race. Participants
mean age was 44.80 (D = 11.05), they smoked 21.46 (D = 9.05)
Cigarettes per day at baseline, and they had made 5.69 (SD = 9.21)
previous quit attempts. Their mean prequit anhedonia level was 4.37
(D = 1.96) on a0-10 scale. Men reported higher prequit anhedonia

2 As an additional test of the influence of smoking on the anhedonia
trajectory, smoking was included as a time varying covariate; the anhedo-
nia growth curve remained unchanged.



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

ANHEDONIA AND TOBACCO WITHDRAWAL

than women (M = 470, D = 1.94vs M =413, D = 175 p <
.001). Approximately 17.5% of participants were classified as having
alifetime history of adepressive disorder, 5% in the past year.® Those
with higher levels of prequit anhedonia were more likely than others
to report experiencing past-year depression, r = .07, p = .02, but not
lifetime depression. In addition, prequit anhedonia was positively
associated with cigarettes per day, r = .14, p < .001. Findlly, prequit
anhedonia was not associated with age or with lifetime or past year
substance use disorder.

Anhedonia and Withdrawal Time Course

As depicted in Figure 1a, the mean anhedonia quadratic pattern
among those receiving placebo resembles a prototypic withdrawal
pattern: a rapid increase postquit followed by a return to prequit
levels. A similar biphasic pattern was observed for al other with-
drawal symptoms except hunger (see Figures 1b—€). Moreover, Fig-
ures la —e illustrate that agonist treatment (NRT) essentidly elimi-
nated the postquit rise in anhedonia, an effect that was present, but to
a lesser degree, for the other withdrawal symptoms.

Growth curve model results show generally modest prequit Sope
effectsfor anhedonia (8 = .01, p = .07), hunger (B = .02, p = .002),
negative affect (3 = —.01, p = .02), craving (B = —.01, p = .15),
and concentration (B = .00, p = .62). Therewas asignificant quit-day
increase (jump) in anhedonia among those who received placebo
(B = .69, p <.001). This effect was nearly fully mitigated among
those who received NRT (B = —.66; p < .001). Similar agonist
effects were observed for negative affect, concentration, and craving,
although to alesser degree than for anhedonia. For example, therewas
adignificant quit-day increase in negative affect (B = .69, p < .001)
that was equal in size to the anhedoniajump. The negative affect jump
was partially attenuated among those who received NRT (B = —.28;
p = .03). Moreover, significant quit-day increases in difficulty con-
centrating (B = .66, p < .001) and craving (B = 1.23, p < .001)
among those taking placebo were partiadly mitigated by NRT
B =-28p=.03pB = —73p < .001 respectively). The
significant jump in hunger (B = .26, p = .04) was not influenced by
NRT (B = .06; p = .69). Findly, linear postquit growth for al
symptoms in both treatment conditions was modest (Bs = —.11-.05).
When we conducted the growth curve models in a restricted sample
of participants who smoked fewer than a mean of five cigarettes per
day during the first 10 days after the target quit day (n = 1118), the
same pattern of results emerged.

We aso examined pre- and postquit means for anhedonia and the
other withdrawa symptoms (see Table 1). Consistent with growth
curve anaysis results, NRT suppresses mean postquit anhedonia and
other withdrawal symptom responses. In addition, NRT decreased the
prevalence of participants that experienced any increase in anhedonia,
craving, negative affect, and concentration (see Table 1).

Relations Among Anhedonia, Withdrawal Symptoms,
and Dependence

We examined the relations of mean daily postquit anhedonia with
established withdrawa symptoms. After controlling for treatment in
each univariate model, regression analysis showed that postquit an-
hedonia was positively associated with postquit craving, negative
affect, and concentration difficulties, but was unrelated to hunger (see
Table 2). Next, we examined associations between mean postquit
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anhedoniaand withdrawal symptoms and tobacco dependence indices
(FTND, time to first cigarette, cigarettes per day, and the WISDM
PDM and SDM subscaes). FTND, time to first cigarette, cigarettes
per day, and the WISDM PDM subscale were dl positively associated
with mean postquit anhedonia (see Table 2). Conversely, anhedonia
was negatively associated with the WISDM SDM subscae. With the
exception of hunger, which was unrelated to al dependence indices
except the WISDM SDM, al other withdrawa symptoms were mod-
erately related to most tobacco dependence measures.

Relations Between Anhedonia and Smoking
Cessation Outcomes

We tested univariate models examining whether pre- and postquit
anhedonia and change in anhedonia from pre- to postquit predicted
smoking cessation “milestones’ and 8-week point-prevalence absti-
nence. Prequit anhedonia was significantly associated with initial
abstinence and 8-week point-prevaence abstinence, such that smok-
ers with higher prequit anhedonia were more likely than othersto be
smoking at both time points (see Table 3). There were no significant
associaions between prequit anhedonia and time to first lapse or
relapse. Higher postquit anhedoniawas significantly associated with a
greater likelihood of smoking at the initid abstinence and 8-week
abstinence time points, and it was aso significantly associated with
earlier lapse and relapse. Findly, grester pre- to postquit change in
anhedoniawas significantly associated with earlier lapse and a greater
likelihood of smoking at the 8-week abstinence timepoint.* Anhedo-
nia change was not associated with initia abstinence or the trangition
from lapse to relapse (see Table 3).

Next, we examined whether anhedoniawas significantly associated
with smoking cessation outcomes after controlling for variance asso-
ciated with craving and negative affect. After contralling for prequit
negative affect and prequit craving, higher prequit anhedonia signif-
icantly increased the likelihood of smoking at the initia abstinence
and 8-week abstinence time points. Likewise, postquit anhedonia
predicted initial abstinence, days to relapse, and 8-week point-
prevalence abstinence, after controlling for postquit craving and
postquit negative affect. Finally, greater pre- to postquit change in
anhedonia predicated earlier lapse, after controlling for change in
craving and negative affect.> When the cessation models including
anhedonia, craving and negative affect were adjusted for treatment,
FTND, and gender, the same pattern of significant relations between
anhedonia and smoking outcomes emerged (see Table 4).°

Discussion

These results show that anhedonia meets criteria for a clinically
significant and independent tobacco withdrawa symptom. First, con-
sistent with the biphasic pattern emblematic of withdrawal symptoms
(Hughes, 2007b), anhedonia increased abruptly upon cessation and

3 Prequiit characterigtics did not differ as a function of trestment assgnment.

4 EMA-assessed positive affect in all cessation outcome models did not
change the pattern of significant results obtained.

5 When EMA-assessed positive affect was added to all cessation out-
come models, the pattern of significant results remained unchanged.

5 Depression in the past 12 months was trimmed from the models because
it significantly predicted only 8-week point-prevalence abstinence. When
depression was added to the full 8-week abstinence models, anhedonia till
predicted 8-week point-prevalence abstinence outcomes (ps < .05).
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Figure 1a. Anhedonia
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Figure 1. Mean waveforms of anhedonia and other withdrawal symptoms from Day -5 prequit to Day 10
postquit. The quit day occurred on day 0. Anhedoniaand all withdrawal symptoms were assessed on 0—10 scales.
See the online article for the color version of this figure.

then returned to prequit levels. Although anhedonia peaked somewhat
earlier than has been reported for other withdrawa symptoms (1 day
postquit vs. 2-3 days postquit), other valid tobacco withdrawal symp-
toms peak within a 1-7-day postquit period (Hughes 2007b). Second,
the increase in anhedonia was gregtly attenuated by agonist therapy,
conforming to theory and data on the nature of withdrawal symptoms
(e.g., Benowitz, 2010; Siegel, 1983). It is possible that cessation-
related anhedonia could reflect merely the loss of nicoting's agonist
incentive/reinforcing properties. However, anhedonia s quadratic pat-
tern suggests that NRT effects are more consistent with alleviating a
withdrawa versus an offset effect (Hughes, 2007¢). Third, consistent
with the nature of a syndrome element (American Psychiatric Asso-
ciation, 2013), anhedonia was correlated with other tobacco with-
drawal symptoms. However, associations with other withdrawal
symptoms were modest in size, as has been found in other research
(Snuggs & Hajek, 2013). Importantly, anhedonia’ s modest interrela
tionswith other withdrawal symptoms permit it to convey information
about withdrawal that may not be provided by other withdrawal
symptoms. Fourth, anhedonia was meaningfully associated with core
tobacco dependence measures. Thisisnot only consistent with theory,
but also mirrors the pattern of interrelations of other core withdrawal
symptoms (craving and negative affect) with dependence (e.g., Baker
et a., 2012). Findly, anhedonia predicted severa cessation outcomes,
suggesting that it possesses motivationa significance as do some
other core withdrawal symptoms (i.e,, craving and negetive affect;
Baker et d., 2004; Swan, Jack, Javitz, McAfee, & McClure, 2008).

In sum, the findings of this research are consistent with prior
human laboratory (e.g., Dawkins et a., 2007; Powell et a., 2002;
Powell et a., 2004) and neurobiologica research (e.g., D’ Souza &
Markou, 2010; Epping-Jordan et al., 1998) that showed that suspen-
sion of nicotine delivery results in diminished pleasure and instru-
mental responding for nonpharmacologic rewards. The present re-
search extends such findings by showing that anhedoniameetsthe key
criteria of awithdrawal symptom and it does so among alarge group
of smokers as they smoke, report affective responses to nonpharma:
cologic pleasurable events, experience tobacco deprivation, and re-
spond to agonist administration, in aresearch context with substantial
clinica and rea-world relevance.

Contrary to our findings, Snuggs and Haek (2013) found that
anhedonia decreased following quitting and was not associated with
smoking cessation outcomes. However, that research differed from
the present research in the nature of the cessation outcome, power, and
the assessment of anhedonia, both in terms of the measure used and
time course. For example, anhedonia was not assessed until 1-week
postquit, when our study showed that anhedonia had aready returned
to basdline. Another study yielded inconclusive data, showing some
decrease in anhedonia across the first 7 days postquit. However, the
decrease in anhedonia did not vary as a function of abstinence versus
continued smoking, and baseline values were not reported (Dawkins,
Powell, Pickering, Powell, & West, 2009). Thus, such studies may be
viewed as inconclusive concerning the status of anhedonia being a
tobacco withdrawal symptom.
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Table 1
Pre- and Postquit Anhedonia and Withdrawal Symptoms by Treatment Condition
Placebo NRT

Prequit Postquit Participants with any increase Prequit Postquit Participants with any increase

M (SD) M (SD) d in postquit symptoms (%) M (SD) M (SD) d in postquit symptoms (%)
Anhedonia 4.28(2.06) 4.68(1.95™ .20 62 431(2.04) 440200 .04 52
Craving 416 (242) 4.82(2.69)" .25 56 4.23(2.32) 4.30(2.55) .03 47
Negative affect 1.20 (1.32) 1.81(158)" .41 68 1.17(1.28) 146 (145 .21 60
Concentration ~ 1.04 (1.32) 159 (1.74)" .35 66 1.02(1.37) 1.34(1.63 .21 56
Hunger 245(1.94) 270191 .12 61 270(1.91) 2.63(2.08)™ -03 60
Note. NRT = nicotine replacement therapy; SD = standard deviation.

“p<.05 "p<.0L

The present study isthefirst, to our knowledge, to demonstrate that
loss in postcessation pleasure in response to daily activities is a
significant barrier to quitting smoking. If participants reports of
anhedonia following quitting are valid (reflect an actual insengtivity
to appetitive stimulus effects), then anhedonia may well provide a
strong motive for withdrawing smokers to resume smoking. As Per-
kins and colleagues noted (Perkins et a., 2013), lapsing back to
smoking would not only alow the smoker to re-experience the ap-
petitive effects of smoking, per se, but the ingested nicotine would
restore the pleasure-enhancing effects of nondrug stimuli aswell (e.g.,
Al-Adawi & Powell, 1997). Moreover, in the current research,
postquit anhedonia predicted risk of initia lapse as well as risk for
trangition from lapse to full relapse. Thus, postquit anhedonia may
have increased the desire to return to smoking to restore pleasurable
response to appetitive stimuli, and, once a lapse had occurred, the
restoration of pleasure may have reinforced areturn to daily smoking.

We also found that prequit anhedonia predicted cessation outcome,
congistent with other research (Cook, Spring, McChargue, & Doran,
2010; Leventhal, Ramsey, Brown, LaChance, & Kahler, 2008). The
relation between prequit anhedonia and cessation is consistent with
the fact that other pre- and postquit withdrawa symptoms tend to be
highly intercorrelated (e.g., Piper et a., 2011). Even during periods of
active drug use, dependent individuas typically display meaningful

Table 2

levels of withdrawal (e.g., Isbell, Fraser, Wikler, Belleville, & Eisen-
man, 1955; Mello & Mendelson, 1970). Such reportslikely reflect the
fact that active drug use (eg., smoking) provides only temporary
withdrawa suppression (e.g., Hendricks et d., 2006).

Consistent with longstanding theories of addiction (e.g., Siegel,
1983; Solomon & Corbit, 1973), research has demonstrated that
withdrawal symptoms (e.g., craving and negative affect) are more
severe among highly dependent smokers (Baker et al., 2012).
Similarly, we found a modest, positive association between
withdrawal-related anhedonia and core dependence features re-
flecting heavy, compulsive, and automatic smoking patterns. Spe-
cifically, anhedonia was positively associated with PDM and in-
versely associated with SDM (i.e.,, smoking for instrumental
reasons such as regulation of negative moods). This finding is
notable because one might assume that anhedonia reflects neurot-
icism or negative affectivity as opposed to nicotine dependence,
per se. However, substantial psychopathology symptom data show
that anhedonia is psychometrically distinct from negative affect
forms of distress (Cook, Spring, McChargue, & Hedeker, 2004;
Leventhal, Chasson, Tapia, Miller, & Pettit, 2006; Shafer, 2006).
Further, research shows that negative affect variables—for exam-
ple, the Positive and Negative Affect Scale (Watson et al., 1988)
and the MPQ Negative Emotionality Scale (Patrick, Curtin, &

Relations Between Postquit Anhedonia, Withdrawal Symptoms, and Dependence Indices,

Controlling for Treatment

Negative

Anhedonia affect Craving Concentration Hunger

B p B p B p ) p B p
Anhedonia — —
Negative affect 27 <001 — —
Craving 19 <001 42 <001 @ @— —
Concentration 19 <001 69 <001 .36 <.001 — —
Hunger .08 .06 35 <001 19 <.001 .32 <.001 — —
FTND 12 <.001 14 <.001 .28 <.001 15 <.001 .06 .04
TTFC 12 <001 10 <001 23 <001 .09 .001 .03 .26
Cigg/day 17 <.001 .03 .34 14 <.001 .03 .34 —.01 .70
PDM .10 .004 .05 14 27 <.001 .007 .84 —-.01 .85
SDM —.09 .02 .20 <.001 .10 .003 .24 <.001 .18 <.001

Note. FTND = Fagerstrém Test for Nicotine Dependence; TTFC = time to first cigarette; cigs = cigarettes;
PDM = primary dependence motives; SDM = secondary dependence motives. Withdrawal symptom relations
were analyzed using mean daily scores during the postquit period. Dependence was assessed during the prequit

period.
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Table 3

Individual Models of Anhedonia Predicting Smoking Cessation Milestones and Point-Prevalence Abstinence Over the 8 Weeks
Following the Target Quit Day

Outcome

Point-prevalence

Failure to achieve initial Days from initial Days from first lapse abstinence at 8 weeks

abstinence abstinence to first lapse® to relapse® postquit
Predictor OR [95% Cl]°¢ p HR [95% CI]¢ p HR [95% CI]¢ p OR [95% Cl]¢ p
Prequit anhedonia 1.14 [1.03, 1.27] .01 1.01 [0.97, 1.06] 44 1.06 [0.99, 1.13] 10 .92 [0.87, 0.98] .009
Postquit anhedonia 1.16 [1.04, 1.28] .007 1.05[1.01, 1.1Q] .01 1.09 [1.02, 1.17] .01 .91 [0.86, 0.97] .002
Anhedonia change® 0.98 [0.82, 1.18] .87 1.11[1.03, 1.19] .004 1.05[0.92, 1.19] 48 .88 [0.80, 0.98] .02

Note. OR = odds ratio; Cl = confidence interval; HR = hazard ratio. For each outcome, separate models were conducted for each predictor. Initial
abstinence (0 = abstinent, 1 = smoking); lapse and relapse (0 = smoking, 1 = abstinent); 8-week point-prevalence abstinence (0 = smoking, 1 =
abstinent). Significant effects (p < .05) are bolded.

2Includes only individuals who achieved initial abstinence (n = 1,259). P Includes only individuals who lapsed (n = 930).
model. 9 Cox proportional hazards regression survival model. € Pre to Postquit anhedonia change.

¢ Logistic regression

Tellegen, 2002)—are more strongly associated with SDM than with
PDM (Baker et a., 2012). Thus, the current data suggest that anhe-
donia is related to a dependence dimension (i.e., PDM) that is espe-
cialy reflective of heavy, automatic smoking, intolerance to interrup-
tionsin smoking, decreased likelihood of cessation, and risk aleleson
the chromosome 15 CHRNASA3B4 nicotinic receptor gene associ-
ated with heightened tobacco dependence and inability to quit smok-
ing (e.g., Baker et d., 2012; Baker et d., 2009; Chen et d., 2012,
Piasecki et d., 2003a; Piasecki et al., 2011).

Treatment Implications

These results suggest that reversal of anhedonia may be an impor-
tant mechanism of NRT. Other agents might aso mitigate
withdrawa-related anhedonia (e.g., fluoxetine: Cook, Spring, Mc-
Chargue, Borrdlli, et al., 2004). In addition, behaviora interventions

Table 4

such as behaviora activation might be effective in tresting tobacco
withdrawal. Behavioral activation is an efficacious treatment for ma-
jor depressive disorder, one that increases engagement in reinforcing
activities (Dimidjian et a., 2006). By increasing exposure to aterna
tive sources of nonsmoking reinforcement, behavioral activation may
counteract withdrawal-related anhedonia and increase quit rates
(MacPherson et d., 2010).

Finally, these results may have implications for smokers with
mental health disorders that are characterized by anhedonia (e.g.,
major depressive disorder, schizophrenia; Kashdan, Barrios, For-
syth, & Steger, 2006; Treadway & Zald, 2013). Because such
smokers have reward-processing deficits prior to quitting smoking,
any postquit rise in anhedonia could be particularly aversive,
spurring cessation failure. Therefore, such smokers may especialy
benefit from smoking cessation treatments that enhance the plea-

Multivariate Analyses of Anhedonia Predicting Smoking Cessation Milestones and Point-Prevalence Abstinence Over the 8 Weeks

Following the Target Quit Day

Outcome
Failure to reach initial Days from initial abstinence Days from first lapse Point-prevalence abstinence
abstinence to first lapse® to relapse” at 8 weeks postquit
Step Predictor OR [95% Cl]° p HR [95% CI]¢ p HR [95% CI]¢ p OR [95% Cl]° p

Prequit

1 Craving 1.11[1.01, 1.23] .04 1.01 [0.97, 1.05] .59 1.05[.99, 1.21] A3 0.97[.92, 1.03] .38

Negative affect 1.23[1.06, 1.44] .008 1.08 [1.00, 1.15] .04 1.07 [0.96, 1.19] .23 0.92 [.83, 1.02] .10

2 Anhedonia 114 [1.02, 1.27] .02 1.02 [0.98, 1.07] .26 1.06 [0.99, 1.14] A1 0.921[.87,.98] .009
Postquit

1 Craving 1.17 [1.06, 1.30] .002 1.12[1.08, 1.16] <.001 1.07 [1.00, 1.14] 05 0.87[.82 .92 <.001

Negative affect 1.10 [.94, 1.26] 21 1.03 [.97, 1.09] 34 1.09 [.99, 1.19] .09  0.97].88,1.07] 53

2 Anhedonia 1.13[1.01, 1.26] .04 1.04 [1.00, 1.08] .08 1.08 [1.00, 1.16] 04 0.92][.87,.98 .01
Change

1 Craving 1.25[1.10, 1.42] .001 117 [1.12, 1.22] <.001 1.04 [0.96, 1.12] 37 0.83[.77,.89] <.001

Negative affect 0.92 [0.70, 1.19] .52 1.01[.92, 1.11] .88 1.10 [0.94, 1.28] 22 0.96 [.82, 1.13] .64

2 Anhedonia 0.94 [0.78, 1.14] .54 1.09 [1.01, 1.16] .03 1.02 [0.90, 1.16] 72 091[.82, 1.02] 10

Note. All models are adjusted for craving, negative affect, treatment, Fagerstrom Test for Nicotine Dependence, and gender. Initial abstinence (0 =
abstinent, 1 = smoking); lapse and relapse (0 = smoking, 1 = abstinent); 8-week point-prevalence abstinence (0 = smoking, 1 = abstinent). Significant
effects (p < .05) are bolded.

#Includes only individuals who achieved initial abstinence (n = 1,259).
model. 9 Cox proportional hazards regression survival model.

b Includes only individuals who lapsed (n = 930). ©Logistic regression
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sure derived from daily activities and rewards (Leventhal, Piper,
Japuntich, Baker, & Cook, 2014).

Limitations

This research has severa limitations that should be considered.
First, this sample comprised only individuals motivated to quit and
who received intense treatment, which may reduce generalizability.
Moreover, the anhedonia assessments relied on self-reports and may
reflect error intrinsic to self-report (e.g., incorrect attributions, broad
attitudinal factors). For instance, the reports of event-related pleasure
may reflect different rates of encounters with pleasurable events and
not the capacity to experience pleasure, per se. Thus, the results do not
permit precise characterization of type of reward (or incentive) related
deficit and most likely reflect some combination of processes associ-
ated with anhedonia (e.g., reward anticipation, reward value and costs;
Der-Avakian & Markou, 2012). Anhedonia may also be related to
other important clinica phenomena such as positive affect, which
differs from anhedonia conceptualy in that it is not contingent on the
occurrence of a pleasurable event. In addition, the study did not
measure trait anhedonia, which aso has been shown to influence
smoking outcomes (eg., Cook et al., 2010). Findly, the effects
observed in this study may reflect some admixture of nicotine agonist
(i.e, offset) and withdrawa effects that would be difficult to distin-
guish in the present context.

Conclusion

In summary, our results suggest that anhedonia is a key indepen-
dent tobacco withdrawa symptom. This conclusion is based on an-
hedonia s dynamic waveform, its attenuation through agonist admin-
igtration, and its relations with other tobacco withdrawa symptoms,
with core tobacco dependence festures, and with tobacco cessation.
However, further research is needed to establish definitively whether
anhedoniais a symptom of the tobacco withdrawal syndrome, includ-
ing providing a more precise characterization and assessment of
withdrawa-related pleasure deficits. If replicated, these results could
have implications for the diagnostic criteria for tobacco use disorder.
Moreover, anhedonia could become an important target of tobacco-
dependence treatment and treatment devel opment.
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