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Abstract
Little is known about the relationship between Major Depressive Disorder (MDD) and smoking-
related behaviors such as cue-induced urges to smoke. The purpose of this pilot study was to
examine: 1) differences in smoking cue reactivity by MDD history, and; 2) the association of a
diagnosis of MDD, current depressive symptoms, and smoking variables to cue-induced urges to
smoke. Participants (N=52) were n=31 smokers with no MDD history and n=21 smokers with past
MDD. Participants completed a 2-hour laboratory session during which they were exposed to
neutral (e.g., pencils) and smoking cues (e.g., cigarettes) after smoking one of their preferred
brand cigarettes (Satiated Condition) and when it had been one hour since they smoked (Brief
Deprivation Condition). Cue-induced urges increased with exposure to smoking cues and this
increase did not significantly differ by diagnosis group. Current symptoms of depression, but not a
diagnosis of MDD, were significantly and positively related to cue-induced cravings in satiated
adult smokers. The association between depression symptoms and smoking urges was not
significant in the Brief Deprivation Condition. Smoking cue reactivity may be a useful procedure
for studying aspects of smoking behavior in adults with depression.
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INTRODUCTION
Adults with depression smoke at higher rates1, report greater nicotine dependence2, 3, and
appear to have more difficulty quitting smoking4-8 than adults without depression (see
Ziedonis et al8 for a review). Conversely, smokers report greater symptoms of depression,
more frequent episodes of depression, and higher rates of suicidal ideation and suicide than
nonsmokers9-11. Little is known about the reasons for the strong relationship of depression
with both smoking and difficulty achieving smoking abstinence. Research has suggested that
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depression is associated with more severe withdrawal symptoms, including urges to
smoke12-15. Urges to smoke play a critical role in both habitual smoking and smoking lapse
behavior16 and therefore learning more about urges to smoke experienced by adults with
depression might help to improve our understanding of this group’s smoking behavior.

Urges to smoke are commonly assessed in laboratory studies through cue reactivity
procedures. The cue reactivity procedure is based on classical conditioning theories that
cravings will be elicited by drug-related stimuli and that these cravings may contribute to
relapse to drug use after cessation16, 17. A meta-analysis of cue-reactivity studies with a
variety of drugs17 suggested that cue reactivity procedures produce a stable and robust
increase in self-reported cravings across all substances (Cohen’s d=0.92) and specifically for
smokers (d=1.18). More moderate associations to cues were found overall and for smokers
related to physiological responses such as heart rate (d=0.26 and d=0.21, respectively) and
skin temperature (d=-0.24 and d=-0.07, respectively). On the whole, the research on cue
reactivity suggests that exposure to smoking-related cues increases cravings in smokers17

and response to smoking cues has been suggested to relate to smoking lapse and relapse
after a quit attempt17, 18. In addition, some studies have found that higher pre-quit levels of
cue reactivity predict worse smoking cessation outcomes19-21 (but see also Niaura et al22)
extending the laboratory results to suggest the important clinical and intervention
implications of cue reactivity research.

Few studies have used laboratory procedures to examine cue-induced urges in smokers with
and without depression. Pomerleau and colleagues14 examined changes in smoking urges in
34 smokers with “high depression” (defined as having either current depression measured by
the Center for Epidemiological Studies-Depression Scale23 or a diagnosis of lifetime
depression from the Composite International Diagnostic Interview24) and 35 smokers with
“low depression” who went through cue reactivity procedures after 3 days of smoking
abstinence. There was a significant main effect of depression status with “high depression”
smokers reporting higher overall levels of urges than “low depression” smokers. There was
also a main effect of time with all smokers reporting an increase in urges after viewing
smoking cues. The depression status by time interaction was not significant. To our
knowledge, examining differences in cravings to smoke between smokers with and without
depression during satiety and brief smoking deprivation has not yet been studied. Learning
more about the ways in which smokers with depression respond to smoking-related cues
may improve our understanding of the strong association of depression and smoking and
provide information that can be used to tailor treatments with the goal of reducing smoking
and improving cessation outcomes for these adults.

Aims of the current study
The primary purpose of this pilot study was to examine differences in cravings elicited by
smoking-related cues in two groups of smokers defined by history of Major Depressive
Disorder (MDD): 1) smokers with no history of MDD (MDD−), and 2) smokers with a
history of MDD (MDD+). Cue-induced cravings were studied in two conditions: (1) no
deprivation from smoking (Satiated Condition) and (2) after an hour of no smoking (Brief
Deprivation Condition). The first aim of the laboratory study was to compare changes in
smoking urges from pre- to post-exposure to smoking cues by diagnosis group. It was
predicted that MDD+ smokers would show a greater increase in smoking urges after
exposure to cues than MDD− smokers. The second aim of the study was to examine the
association of a diagnosis of MDD, current symptoms of depression, demographics, and
smoking variables to changes smoking urges after presentation of smoking cues. It was
expected that both a diagnosis of MDD and current symptoms of depression would be
associated with greater cue-induced urges to smoke. Little is known about the smoking-
related behavior of adults receiving antidepressant treatment in comparison to other adults
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with depression; therefore, an exploratory aim of this study was to examine differences in
smoking cue reactivity in smokers with no history of MDD (MDD−), smokers with a history
of MDD and no current depression treatment (MDD+Tx−), and smokers with a history of
MDD and current treatment with an antidepressant medication (MDD+Tx+).

METHODS
Participants

Participants were non-treatment seeking daily cigarette smokers between the ages of 18 and
70 who consumed ≥5 cigarettes per day (CPD) with expired breath carbon monoxide (CO)
levels of ≥10 ppm. Smokers were not eligible for the laboratory study if they reported a
current major Axis I disorder (other than nicotine dependence and MDD), reported drug or
alcohol abuse or dependence within the past 3 months, or had a positive urine drug screen at
the screening or laboratory session. Participants with and without depression were recruited
from the greater New Haven area through radio, television, newspaper, and flyer
advertisements. Smokers with depression were also recruited through flyers and referrals
from clinicians at the Connecticut Mental Health Center in New Haven, Connecticut.
Written informed consent was obtained from all participants and the research protocols were
approved by Yale Medical School’s Human Investigation Committee.

Based on a brief phone screen to assess initial eligibility, 172 adults were scheduled for in-
person screening appointment. Fifty-two adults (MDD− n=31; MDD+ n=21) attended the
appointment, were eligible for the study, and completed the laboratory appointment.
Reasons for non-eligibility included discontinued participation (n=90), current drug use
(n=19), Axis I diagnoses other than MDD and nicotine dependence (n=7), and ineligibility
related to smoking criteria (e.g., CPD<5; n=4).

Procedure
During the in-person screening appointment, potential participants completed consent forms,
measures of eligibility (e.g., urine drug screen, assessments of smoking), provided
demographic information, and completed measures of current symptoms of depression. An
assessment of Axis I disorders including MDD was completed by a doctoral level clinician.
Eligible participants were invited to complete a 2-hour laboratory appointment that included
two identical cue reactivity sessions. One cue reactivity session was completed immediately
after the participants smoked one of their cigarettes (Satiated Condition) and the second cue
reactivity session was completed an hour later (Brief Deprivation Condition).

See Figure 1 for a timeline of the laboratory appointment. At the beginning of the laboratory
appointment, participants completed baseline measures of depression symptoms and
smoking. Then participants smoked one of their cigarettes in order to standardize the time
from their last cigarette to the two cue reactivity sessions. After finishing their cigarette,
participants began the first cue reactivity session. The cue reactivity procedure was adapted
from previous research25, 26. Participants were presented with both neutral cues to assess for
nonspecific reactivity and smoking cues. In order to prevent carryover from smoking cues
(see Sayette et al27 for a review), the conditions were not counterbalanced and neutral cues
were presented first for all participants. Neutral cues were two unsharpened pencils, a bowl,
and two pencil sharpeners. Smoking cues were two single unsmoked cigarettes of the
participant’s preferred brand, an ashtray, and two lighters. Participants were instructed to
examine the objects through scripted directions played on a tape recorder which
standardized the time of exposure across the sample. Participants completed measures of
smoking urges, mood, and physiological response (i.e., blood pressure, pulse, and
temperature) before and after presentation of the neutral and the smoking cues.
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After completing the first cue reactivity session, participants remained in the laboratory until
it had been one hour since they smoked their last cigarette. During this time, participants
were permitted to read their own books or listen to music. After participants were deprived
of smoking for a total of 60 minutes and non-smoking was confirmed with a CO reading
(i.e., the CO level post-break was equal to or less than the CO level taken before the break),
participants completed the second cue reactivity session which was identical in procedure to
the first session. At the end of the session, participants completed measures of depression.

Measures
Demographic and Smoking Variables—Participants were asked to report
demographics (e.g., gender, race, age), age of smoking onset, duration of smoking, and
number of past attempts to quit smoking. Nicotine dependence was assessed using the 6-
item Fagerström Test for Nicotine Dependence28 (FTND; range 0-10).

Cigarette Consumption—A 7-day timeline follow-back (TLFB; Sobell et al.29) was
administered as a self-report measure of current daily cigarette consumption. Smoking was
biochemically confirmed using expired breath CO levels (Bedfont EC50 Microsmokerlyzer
II, Kent, UK).

Smoking Urges, Negative Affect, and Positive Affect—Using procedures from our
previous study30, a Visual Analogue Scale31 (VAS) was used to assess the intensity of urge
to smoke, negative affect, and positive affect during the cue reactivity sessions. Participants
were asked to rate the intensity of their urges or affect “at that moment” on a scale from 0 to
100.

Assessment of Axis I Disorders—The presence of current and past Axis I disorders
including MDD was assessed using The Structured Clinical Interview for DSM-IV32.
Current symptoms of depression were assessed using the 21-item Beck Depression
Inventory33 (BDI; range 0-63) and 21-item Hamilton Depression Rating Scale34 (HDRS).

Statistical Analyses
Depression Diagnosis—Participants were classified as MDD− if they did not meet
criteria for either past or current MDD (n=31). Participants were classified as MDD+ if they
met criteria for a lifetime diagnosis of MDD (n=21). MDD+ participants were further
classified either as MDD+Tx− (i.e., “treatment negative”) if they met criteria for past MDD
and did not report any current treatment with antidepressant medications (n=13) or as MDD
+Tx+ (i.e., “treatment positive”) if they met criteria for a lifetime diagnosis of MDD and
reported current antidepressant medication use (n=8).

Cue Reactivity—Cue Reactivity was defined as: (Urge to smoke after presentation of
smoking cues) – (Urge to smoke before presentation of smoking cues). Using this formula,
which was based on our previous work (Fonder et al.30), all participants were classified as
either “cue reactive” (i.e., Cue Reactivity > 0) or “not cue reactive” (i.e., Cue Reactivity ≤
0).

Demographics—Comparison of demographics, cigarette consumption, smoking history,
and depressive symptoms between the two diagnosis groups (MDD−, MDD+), between the
two MDD+ groups (MDD+Tx−, MDD+Tx+), and among the three diagnosis groups (MDD
−, MDD+Tx−, MDD+Tx+) were examined using Chi-square tests for categorical data and
independent samples t-tests for continuous data. Because MDD+Tx− and MDD+Tx+
participants did not significantly differ on any demographic, smoking, or depression
symptom variables (all ps>0.05, data not shown), the two groups were combined into one
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MDD+ group for the primary analyses to increase our power to examine group differences
in this pilot study.

Aim 1—Repeated Measures analyses of covariance (ANCOVA) were conducted to analyze
changes in urge by diagnosis group. Diagnosis (MDD−, MDD+) was a between-subjects
independent variable and urge to smoke before presentation of cues and after presentation of
cues were the dependent variables. Demographic and smoking variables that significantly
differed between the diagnosis groups (current depression symptoms, see Table 1) were
included in the analyses as covariates.

The primary analysis described above was repeated with three diagnosis groups (MDD−,
MDD+Tx−, MDD+Tx+) as the between-subjects variable as an exploratory analysis.
Preliminary analyses showed that MDD+Tx+ participants significantly differed from MDD−
in their number of past attempts to quit smoking (MDD+Tx+ M=8.6, SD=6.0) and current
depression symptoms (MDD+Tx+ BDI M=11.3, SD=9.3; HDRS-17 M=8.1, SD=7.6;
HDRS-21 M=8.8, SD=8.3). No other demographic or smoking differences between MDD−
and MDD+Tx+ were found and no other pairwise comparisons (MDD− and MDD+Tx−;
MDD+Tx− and MDD+Tx+) were significant. Past quit attempts and current depression
symptoms were included as covariates for this analysis.

Aim 2—Linear regressions were run to examine associations between depression and
smoking variables and changes in urges during the cue reactivity procedure. Demographic,
smoking, and depression variables that were found by zero-order correlation to be
significantly associated with change in urge were entered in a stepwise fashion as
independent variables. The dependent variable was Cue Reactivity as defined above.

All ANCOVA and regression analyses were run separately for the Satiated Condition and
the Brief Deprivation Condition and all analyses included response to neutral cues
[calculated as (Urge to Smoke after presentation of neutral cues) – (Urge to Smoke before
presentation of neutral cues)] as a covariate to control for nonspecific cue responsiveness.
Based on research on alcohol and cocaine cues35, 36 suggesting the importance of studying
both cue responders and non-responders and in order to provide as much information about
the relationship of depression and cue reactivity, analyses were repeated twice for each
condition: once with the full sample (N=52) which provided the greatest power for analyses
and once with the subsample of participants who were “cue reactive” as defined above
(n=37) in order to examine whether results differed after removing participants who did not
initially respond to cues. Statistical analyses were performed using SPSS v.16.0 software for
PC (SPSS Inc., Chicago, IL). Statistical tests were two-tailed and differences were
considered significant when p<0.05.

RESULTS
Baseline demographics, smoking, and depression symptoms (Table 1)

See Table 1 for baseline demographic variables, cigarette consumption, and depression
symptoms for the two diagnosis groups (MDD−, MDD+). MDD+ and MDD− participants
did not differ on age, gender, ethnicity, age of smoking initiation, nicotine dependence, or
amount of daily smoking (all ps>0.05). MDD+ smokers reported greater current symptoms
of depression than MDD− smokers. In total, 37 participants exhibiting positive cue
reactivity and MDD+ and MDD− groups did not significantly differ in the proportion of
participants showing positive cue reactivity. The majority of MDD+Tx+ adults reported
currently taking sertraline as their antidepressant medication (sertraline n=6; citalopram n=1;
duloxetine n=1).
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Changes in urge to smoke after presentation of smoking cues (Table 2)
In the Satiated Condition, after controlling for current symptoms of depression, urges to
smoke increased after presentation of the smoking-related cues (F=5.99, df=1,45, p<0.05)
and this increase did not differ by diagnosis group (F=0.87, df=1,45, p=0.36). Similarly, in
the Brief Deprivation condition, controlling for current symptoms of depression, urges to
smoke increased after presentation of the smoking-related cues (F=4.34, df=1,44, p<0.05),
but this increase did not differ by diagnosis group (F=0.91, df=1,44, p=0.35). Results for
each condition did not change substantially when repeated in the subsample of participants
who showed positive cue reactivity. Overall, participants showed a greater response to
smoking cues in the Satiated Condition compared to the Brief Deprivation Condition in the
full sample (F=9.86, df=1,47, p<0.01) and the subsample of participants showing cue
reactivity (F=14.08, df=1,33, p<0.01).

Exploratory analysis examining three diagnosis groups (MDD−, MDD+Tx−, MDD+Tx+)
did not differ from the primary analyses for the Satiated Condition. In the Brief Deprivation
Condition, after controlling for number of past quit attempts and current symptoms of
depression, the change in smoking urge from pre- to post-cue exposure showed a significant
time by diagnosis group interaction (F=4.28, df=2,41, p<0.05). MDD+Tx+ smokers, who
had the highest level of pre-cue urges, reported a smaller average increase in urges (M=4.0,
SD=11.01) than the MDD− (M=10.5, SD=2.2) and MDD+Tx− (M=8.7, SD=10.7) smokers.
When the analysis was repeated for the subsample of participants showing cue reactivity,
neither the main effect of time (F=51.48, df=1,28, p=0.23) nor the time by diagnosis group
interaction (F=2.40, df=2,28, p=0.11) were significant.

Association of smoking and depression variables with cue-induced changes in smoking
urges (Table 3)

Satiated Condition—In the analysis of the full sample, zero-order correlations showed
that changes in urges after exposure to smoking-related objects was significantly and
positively associated with daily smoking as measured by CPD (r=0.29, p<0.05), nicotine
dependence as measured by the FTND (r=0.32, p<0.05), and current depression symptoms
as measured by the BDI (r=0.29, p<0.05), HDRS-17 item (r=0.39, p<0.01), and HDRS-21
item (r=0.40, p<0.01). Change in urge was not associated with a diagnosis of depression,
demographics (age, gender, race, education), or other smoking variables (e.g., age of
smoking onset, number of quit attempts). When the significant factors were entered into a
regression analysis, current depression symptoms (HDRS-21 item) remained a significant
predictor (see Table 3). Greater depressive symptoms were associated with greater increases
in urge after seeing smoking-related cues.

When analyses were repeated with the subsample of cue responders, the same variables
showed significant and positive correlations with changes in urges (CPD, r=0.33, p<0.05;
FTND, r=0.40, p<0.05; BDI, r=0.36, p<0.05; HDRS-17 item, r=0.49, p<0.01; HDRS-21
item, r=0.52, p<0.01). When these variables were entered into a regression analysis, two
variables remained as significant predictors of changes in urges: HDRS-21 item and CPD.
Greater current depressive symptoms and a higher number of cigarettes smoked per day
were associated with greater increases in urge after seeing smoking-related cues.

Brief Deprivation Condition—No demographic, depression, or smoking variables were
significantly correlated with changes in urges in the Brief Deprivation Condition for either
the full sample or for the subgroup of cue reactors (all ps>0.05).
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Changes in positive mood, negative mood, and physiological responsiveness after
presentation of smoking cues

There were no differences in either the Satiated Condition or the Brief Deprivation
Condition by diagnosis group for changes in negative mood, positive mood, or physiological
responsiveness (i.e., blood pressure, temperature, pulse) with exposure to smoking cues (all
ps>0.05).

DISCUSSION
Only a few studies have examined smoking cue reactivity in adults who exhibit higher rates
of smoking and lower rates of smoking cessation than the general population like adults with
psychiatric disorders30, 37. In this pilot study, smokers with depression showed the expected
increase in urges to smoke after exposure to their preferred brand of cigarettes, lighters, and
an ashtray. These findings are consistent with one previous study of cue reactivity in
smokers with depression14 and suggest that smokers with depression respond to smoking
cues in a similar manner as other smokers. Therefore, cue reactivity procedures may be a
useful tool for studying the relationship smoking and depression. Cue reactivity procedures
can be used both to test mechanistic aspects of smoking and depression (e.g., serotonergic
neurotransmission38) as well as the effects of pharmacological39, 40 and non-
pharmacological41 treatments on urges to smoke.

While this pilot study suggested that the cue reactivity procedure might be useful for
studying smokers with depression, it also provided information about the usefulness of two
smoking conditions (immediately after smoking a cigarette and one hour after smoking).
The period of smoking deprivation in this pilot study was brief and selected based on
previous work by this research group30. In this study, administering the cue reactivity
procedure to satiated smokers provided more informative research data than administering
the procedure to smokers undergoing smoking deprivation of only one hour. Future studies
could examine the response to smoking cues after longer periods of deprivation. Because
this was a laboratory study, cue reactivity was not studied in relation to smoking cessation
behavior such as the ability to quit smoking or the ability to avoid smoking relapse. Previous
research found significant associations between cue reactivity and cessation outcomes in
non-depressed adults19-21. It would be beneficial for future studies to examine smoking cue
reactivity under conditions of satiety and varying periods of deprivation to determine the
conditions that yield the most useful information for clinical outcomes.

There was less variation in increases in urges from pre-cue to post-cue exposure and less of
an overall response to the smoking cues in the Brief Deprivation Condition compared to the
Satiated Condition. This difference may have been due in part to the short time frame
between the conditions, the within-subjects nature of the design, or other factors related to
the structure of the session. For example, participants knew they would not be able to smoke
for more than an hour while completing the Satiated Condition, but knew they would be able
to smoke again shortly during the Brief Deprivation Condition. Further, all participants
experienced the same cue reactivity session twice and in the same condition order (the
Satiated Condition first, followed by the Brief Deprivation Condition without
counterbalancing of the conditions). The greater urge response in the Satiated Condition
may have been due in part to the novelty of experiencing the smoking cues for the first time.
Also, pre-cue urges were much higher in the Brief Deprivation Condition than the Satiated
Condition and the decreased variability in urges during the Brief Deprivation Condition may
reflect a ceiling effect. Ceiling effects have been suggested in previous research to be a
potential issue in the study of smoking urges especially for participants undergoing
conditions of smoking deprivation who are likely to report high levels of cravings prior to
cue exposure42, 43. While these decisions regarding the study design were made in response
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to the sample size of this pilot study, our past research30, and research reporting carryover
effects when neutral cues are presented before smoking cues27, future studies with larger
samples would have the ability to examine outcomes using random assignment to or
counterbalancing of length of abstinence conditions.

Current symptoms of depression, but not a diagnosis of MDD, were significantly associated
with cue-induces urges to smoke in satiated smokers. Symptoms of depression have been
linked to less success in smoking cessation (e.g., Perez et al44, Niaura et al45, Cinciripini et
al46). Further, negative affect, a primary symptom of depression, has been associated with
many aspects of smoking (see Kassel et al47 for a review) including difficulty quitting
smoking and smoking relapse18, 48-50. Smokers experiencing active depressive symptoms
may have a stronger reaction to and find it more difficult to resist smoking around smoking
cues. These findings suggest that valuable information could be gained by assessing
depressive symptoms, in addition to a diagnosis of depression, when conducting research to
better understand the relationship of depression to higher rates of smoking and lower rates of
smoking cessation. Clinically, it may be more beneficial for health professionals and
clinicians providing smoking cessation to adults to focus on current symptoms of
depression, using validated measures of depression like the BDI and HDRS, rather than a
diagnosis of depression per se.

In the current study, smokers taking antidepressant medications reported a greater number of
quit attempts and current symptoms of depression than smokers with no history of
depression. In addition, a significant interaction of time and depression diagnosis was found
for cue reactors when smokers with antidepressant treatment were considered as a separate
group in the analyses. Most of the research on smoking and antidepressants has been related
to testing antidepressant medications as agents for smoking cessation (e.g., Hall et al51;
Evins et al52; Spring et al53). Little is known about the ways in which smokers receiving
antidepressants differ from other smokers. A study of 1,498 patients with coronary heart
disease54 found that smokers using antidepressant medications, compared to smokers not
using antidepressant medications, were less likely to quit smoking over a 9 month follow-up
period and reported greater anxiety, depression, and insomnia.

Because the sample of smokers on antidepressant medications in this study was small, these
results should be considered preliminary and exploratory. Additional research with larger
samples, is needed to learn more about this rarely studied group of smokers and how
antidepressant treatment might impact smoking behavior and smoking cessation outcomes.
Smokers being treated for depression in the current study were primarily taking sertraline
and limited information about treatment-related factors (e.g., duration of antidepressant
treatment) was available for analyses. This research would benefit from including analysis
of treatment-related variables such as type, dose, and duration of antidepressant treatment to
determine whether these factors play a role in the association of depression symptoms to
cue-induced urges to smoke and other smoking behavior.

Women experience higher rates of depression3 and exhibit a stronger relationship between
depression and smoking behavior55. Further, gender differences in responsiveness to
smoking cues have been reported in adult smokers in conditions of both satiety and
deprivation14, 56-58. The size of the sample in this pilot study did not allow for analysis of
the results by gender. Future studies should examine the role of gender in the relationship of
depression and cue-induced smoking urges.

In addition to the brief period of time between conditions and the small sample size, other
limitations should be noted. The current study was conducted in a laboratory setting. While
the cue reactivity procedure reliably elicits urges to smoke and research suggests that in vivo
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cues, such as the ones used in the current study, elicit equal or greater levels of craving than
imaginal or photographic cues56, 59, 60, the laboratory setting does not replicate urge-
inducing experiences in the outside world. In addition, the cues in the current study did not
elicit significant changes in physiological responses which may have been due to aspects of
the laboratory setting and procedure. The laboratory setting has the advantage of allowing
researchers to gain information about mechanisms of cravings and relapse than cannot easily
be studied and which can be applied to future research in real world settings. Finally,
participants in the study were primarily Caucasian, in their mid-40s; smoked approximately
one pack of cigarettes per day; were not seeking treatment for smoking; were free from
current substance and alcohol use, abuse, and dependence; and did not meet diagnostic
criteria for any major Axis I disorder other than MDD or nicotine dependence. Thus, results
may not generalize to other groups of smokers.

Smokers with depression respond to smoking cues with increased urges to smoke and
current symptoms of depression were related to greater increase in cue-related urges. Cue
reactivity procedures may provide useful information to gain a better understanding of the
links between smoking and depression and to help improve smoking cessation outcomes and
prevent smoking relapse for this group of smokers.
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Figure 1.
Timeline for the Laboratory Session
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Table 1

Baseline demographics, smoking behavior, and depression symptoms for the full sample, participants with no
history of Major Depressive Disorder (MDD−), and participants with a history of Major Depressive Disorder
(MDD+).

Total
Sample
(N=52)

MDD−
(n=31)

MDD+
(n=21) p-value

Age 44.8 ± 10.9 44.6 ± 11.5 45.2 ± 10.1 0.83

% Male 58 61 52 0.52

% Caucasian 69 68 71 0.85

Education
(years)

13.5 ± 1.7 13.7 ± 1.5 13.4 ± 2.0 0.54

Age of smoking
initiation

16.1 ± 3.8 16.2 ± 6.1 16.1 ± 4.3 0.94

Duration of
smoking (years)

28.4 ± 11.5 28.1 ± 12.8 29.0 ± 9.5 0.78

Number of Quit
Attempts

4.9 ± 4.1 3.9 ± 3.0 6.2 ± 4.9 0.84

FTND 6.2 ± 1.4 5.8 ± 2.0 6.7 ± 2.0 0.13

CPD 18.6 ± 7.4 17.1 ± 5.6 20.8 ± 9.2 0.08

CO (ppm) 17.8 ± 8.3 16.5 ± 7.3 19.7 ± 9.3 0.18

BDI 4.8 ± 5.6 2.6 ± 2.9 8.2 ± 7.0 <0.01

HDRS-17 item 4.2 ± 4.8 2.6 ± 2.8 6.6 ± 6.0 <0.01

HDRS-21 item 4.5 ± 5.3 2.6 ± 2.8 7.4 ± 6.6 <0.01

Cue Reactive 73% 70% 76% 0.63

Key: MDD, Major Depressive Disorder; FTND, Fagerström Test for Nicotine Dependence; CPD, cigarettes per day; CO, expired breath carbon
monoxide level; BDI, Beck Depression Inventory; HDRS, Hamilton Depression Rating Scale

Note: Cue Reactive was defined as: (Urge to smoke after presentation of the smoking cues) – (Urge to smoke before presentation of the smoking
cues) > 0
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Table 2

Mean urge ratings before and after cue exposure when undergoing no smoking deprivation (Satiated
Condition) and after one hour of smoking deprivation (Brief Deprivation Condition) for the full sample,
participants with no history of Major Depressive Disorder (MDD−), and participants with a history of Major
Depressive Disorder (MDD+). by diagnosis group and cue exposure condition.

Full Sample
(N=52)

MDD−
(n=31)

MDD+
(n=21)

Satiated Condition

Pre-Cue Urge 10.1 ± 15.1 10.0 ± 15.7 10.3 ± 14.5

Post-Cue Urge 23.9 ± 24.9 20.3 ± 23.6 29.0 ± 26.4

Change in Urge* 13.8 ± 18.3 10.3 ± 12.9 18.7 ± 23.5

Brief Deprivation
Condition

Pre-Cue Urge 34.48 ± 26.6 30.6 ± 28.0 39.9 ± 24.2

Post-Cue Urge 42.0 ± 28.1 39.5 ± 30.2 45.4 ± 25.4

Change in Urge* 7.5 ± 12.2 8.9 ± 11.2 5.5 ± 13.4

*
Change in Urge = Post-Cue Urge – Pre-Cue Urge

Note: all comparisons of urges across rows were n.s. (all ps>0.05)
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Table 3

Factors significantly associated with cue-induced changes in smoking urges during the Satiated Condition for
the full sample (n=52) and participants who were cue responders (n=37).

r R2 Adjusted R2 Beta t p-value

Full Sample (n=52)

HDRS-21 0.41 0.17 0.13 0.39 2.91 <0.01

CPD 0.50 0.25 0.20 0.29 2.23 <0.05

Cue Reactive* (n=37)

HDRS-21 0.53 0.29 0.24 0.58 3.67 <0.001

Key: HDRS, Hamilton Depression Rating Scale; CPD, cigarettes per day; FTND, Fagerström Test for Nicotine Dependence; BDI, Beck
Depression Inventory

Note: All analyses controlled for changes in smoking urges in response to the neutral cues defined as: (Urge to smoke after presentation of the
neutral cues) – (Urge to smoke before presentation of the neutral cues)

*
Cue Reactive was defined as: (Urge to smoke after presentation of the smoking cues) – (Urge to smoke before presentation of the smoking cues) >

0
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