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Abstract
Individuals with multiple smokers among first-degree relatives (FH+) are significantly more likely
to be persistent smokers themselves. The mechanisms underlying this relationship are unknown. An
independent line of research has suggested that persistent smoking is more common among smokers
with heightened levels of cigarette craving after being exposed to smoking cues and stressors. The
present study experimentally tested the hypothesis that FH+ smokers would exhibit stronger stress-
and cue-induced craving reactions compared to FH− Smokers. We also explored gender and
ethnicity-related differences in these effects. To that end, 160 smokers were recruited by
advertisement and exposed to neutral (changing a light bulb), stressful (dental work), and smoking
(lighting up after a meal) situations, using script-guided imagery under controlled laboratory
conditions. Participants completed craving questionnaires before and after each condition.
Supporting the hypotheses, even after controlling smoking history and strength of habit, FH+
Smokers (n=86) displayed stronger craving reactions to both dental and smoking imagery (ps<0.05)
than FH− Smokers (n=74). Interestingly, women had higher stress-, but not smoking-cue-induced
cravings, than men, with FH+ women exhibiting the highest levels of stress-induced craving.
Findings suggest a mechanism through which a family history of smoking leads to poorer cessation
success, especially among women.
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1. Introduction
Tobacco smoking is the leading preventable cause of morbidity and mortality in the United
States (American Cancer Society, 2006). According to a recent Surgeon General's report, an
estimated 440,000 Americans die each year as a result of smoking-related illnesses. Despite
the clear negative consequences of tobacco, a significant subset of the population continues to
smoke (U.S. Department of Health and Human Services, 2000). Moreover, although the
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majority of smokers express a strong desire to quit, only about 5-15% are successful at
maintaining abstinence durations of one year or more, even after employing some form of
smoking cessation aid (Zhu et al. 2000).

Numerous studies have demonstrated that individuals with histories of cigarette smoking in
first-degree relatives are at particular risk of persistent smoking compared to those without
such histories (Heath & Martin 1993;Chassin et al. 1994,1996;Kendler et al. 1999). Shared
environmental influences, along with genetic factors, have been emphasized as important
contributors to persistent smoking (Heath & Martin 1993;Kendler et al. 1999). Heritability
estimates vary, ranging from 0.53 to 0.72 (Heath & Martin 1993;Kendler et al. 1999). Despite
the strong data for increased risk of persistent smoking in this group, the mechanisms
underlying the increased risk are not yet known.

Clinical reports, as well initial empirical evidence, have suggested that environmental cues
(e.g., the sight or smell of one's preferred brand of cigarettes) can trigger strong craving
reactions, which, in the context of a quit attempt, may pose a serious barrier to maintaining
abstinence (e.g., Drummond, 2001). This phenomenon can be reliably modeled under
laboratory conditions, in which smokers are exposed to smoking cues and report their craving
levels (Carter & Tiffany, 1999). It has long been theorized that the magnitude of these cue-
induced craving reactions may be predictive of smoking cessation failure (Drummond,
2001). While yet to be well established, there is some evidence in support of this theory. For
example, Abrams et al. (1988), in a prospective study, found that participants with heightened
cue-induced craving reactions were significantly less likely to succeed during a subsequent
quit attempt. Similarly, exposure to stress has been suggested as a major contributor to cigarette
craving and smoking cessation failure (Kassel et al., 2003;Stewart, 2003;Sinha, 2001). While
data definitively linking stress-induced cigarette craving to smoking cessation outcomes is
lacking, experimental animal (e.g., Shaham & Stewart, 1995) and human (e.g., Sinha et al.,
2006) studies of other substances generally support this view.

Based on these lines of research, we (Erblich et al., 2003) have previously hypothesized that
heightened levels of stress-induced cigarette craving might be one possible mechanism
underlying familial risk of persisent smoking. Consistent with this possibility, we found that
smokers with family histories including at least two first-degree relatives who smoked had
significantly higher levels of laboratory stress-induced craving than smokers without such
family histories. Evidence for a genetic contribution to this effect has also been reported
(Erblich et al., 2004). Consistent with the role of dopamine in stress- and cue-induced drug
seeking in animal (see Self & Nestler, 1998) and human (see McLernon & Gilbert, 2005)
studies, we found that carriers of genetic polymorphisms in the dopamine signaling pathway
had heightened stress-induced (Erblich et al., 2004) and cue-induced (Erblich et al., 2005)
cigarette cravings.

Based on these results, the present study aimed to replicate our previous findings of heightened
stress-induced craving among smokers with family histories of smoking in an independent
sample, and to extend them, by concurrently examining contributions of family history to levels
of cue-induced craving. In addition, given the paucity of literature on the potential effects of
ethnicity and gender on cue- and stress-induced craving, we explored the possibility that these
factors would further modify participants' response in this experimental model. Indeed,
accumulating evidence suggests that quit rates are lower for women than for men (Wetter et
al., 1999), and for African Americans, compared to other racial/ethnic groups (U.S. Department
of Health and Human Services, 1998). The exploration of potential modifying effects of gender
and race/ethincity, thus, is of critical interest.
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2. Methods
2.1. Overview

We employed a classic imaginal exposure paradigm (Maude-Griffin & Tiffany, 1996), in which
smokers were exposed to script-guided imagery of neutral, stressful, and smoking-related
subject matter, separated by 3-minute rests. Brief assessments of cigarette craving and anxiety
were taken immediately before and after each exposure. Changes in craving and acute anxiety
as a function of the stress and smoking imagery were measured, controlling for changes as a
function of neutral imagery.

2.2. Participants
One hundred seventy-four smokers were recruited by advertisements placed in and around a
major medical center participated in the study. All participants qualified for a current DSM-
IV diagnosis of nicotine dependence (American Psychiatric Association, 1994) ascertained
during initial telephone contact with a trained interviewer and re-ascertained in-person upon
arrival. To qualify as a smoker, participants who reported smoking at least 10 cigarettes per
day for at least 5 years were included (Carter et al., 2006;Malaiyandi et al., 2006;Waters et al.,
2004;Waters et al., 2003). To minimize sources of sample heterogeneity, we excluded
participants if they reported: 1) currently being treated (or in a program) for smoking cessation,
2) having a history of other substance abuse, 3) having a history of hospitalization for mental
illness, or 4) having a history of smoking-related illness (e.g., cancer, emphysema, chronic
obstructive pulmonary disease). In addition, because a goal of this study was to examine
possible racial/ethnic differences in effects, we only included participants who self-reported
as African-American, Caucasian, and Hispanic, the three groups for which an adequate sample
size was available. As a result, 14 participants who self-identified as other ethnicities were
excluded, yielding a final sample size of 160. Mean age of the sample was 38.6 years (± 0.8;
range 23-67). Fifty-five percent (n=88) of participants were female, and 41% reported earning
below $20,000.00 annually. Eleven percent of participants reported not completing high
school, 28% reported completing high school only, and 61% reported some education beyond
high school. Consistent with the demographics of our catchment area, the ethnic background
of the sample was diverse: 48% of the sample (n=77) self-identified as African-American, 26%
(n=41) as Caucasian, and 26% (n=42) as Hispanic. Fifty-six percent of the sample reported
never being married, 15% were currently married, 29% were separated, divorced, or widowed.
Participants reported smoking an average of 19.5 (± 0.8) cigarettes per day for an average of
18.8 (± 0.8) years, with an average age at initiation of 16.5 (± 0.3), and had a mean Fagerstrom
score of 5.6 (± 0.2).

2.3. Measures
Demographic and Smoking Questionnaire—Participants completed questionnaires
assessing demographic information (e.g., age, gender, education, income, ethnicity, marital
status) and personal smoking history (e.g., age at initiation, cigarettes per day, years smoked).
They also completed a self-report familial smoking pedigree which included items assessing
cigarettes per day and years smoked, in reference to first-degree relatives (i.e., parent, child,
sibling). Assessments were conducted blind to participants' family history status. A positive
smoking history in a family member was defined in the same fashion as for the participant
[minimum 10 cigarettes per day for 5 years]. None of the participants reported not knowing
family members' smoking status, although their accuracy could not be independently verified.
Research has demonstrated excellent concordance between child and familial reports of
familial smoking behavior (Marks et al., 2003;Sandler & Shore, 1986).
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Fagerstrom Test of Nicotine Dependence (FTND)—A refinement of the well-known
Fagerstrom Tolerance Questionnaire, this 6-item instrument (Heatherton et al., 1991) was
developed to improve upon some of the psychometric properties of the original scale. The
FTND was used to assess the strength of participants' addiction. The instrument has good
reliability and validity (Heatherton et al., 1991).

Minnesota Nicotine Withdrawal Questionnaire (MNWQ)—This 8-item instrument
was used to assess withdrawal symptoms over the last 24 hours. The MNWQ is considered the
withdrawal questionnaire of choice (Patten & Martin, 1996), and has good reliability and
validity (Hughes & Hatsukami, 1986;Hughes et al., 1991).

Imagery Vividness—A 4-item face-valid vividness questionnaire was administered after
each of the exposures to control for variation in strength of imagery. The instrument has been
used previously by our group and has demonstrated good psychometric properties (Erblich et
al., 2004).

Acute Anxiety—To rapidly assess acute anxiety responses to stress exposures, we employed
a visual analog scale (Bond & Lader, 1974) consisting of a 100 mm line anchored on the left
by “Not at all anxious” and on the right by “As anxious as can be.” Participants responded to
the question “How anxious are you feeling right now” and “How anxious did you feel during
the scene” (pre- and post-imagery, respectively) by striking a line across the continuum. VAS
measures have been found to be a rapid, reliable and valid way to assess transient changes in
subjective feelings (Bond & Lader, 1974;Cella & Perry, 1986), and have been used extensively
in other studies measuring changes in anxiety in response to experimental challenges (e.g.,
Krystal et al., 1993;Wright et al., 2006).

Cigarette Craving Questionnaire—Improving on the use of single-item craving
assessments, we employed a brief, 5-item (“I have a desire for a cigarette right now,” “If it
were possible, I would smoke now,” “All I want right now is a cigarette,” “I have an urge for
a cigarette right now,” “I crave a cigarette right now”), 0-100 instrument is designed specifically
to make rapid assessments of craving during experimental manipulations. The instrument has
been used as an outcome measure in previous studies by our group (e.g., Erblich et al., 2004)
and others (e.g., Hutchison et al., 1999). Cronbach's alpha in the present sample was very high
(alphas ranged from 0.96-0.98 for the various administrations during the study), demonstrating
the measure's excellent internal consistency. As above, pre- and post-imagery versions of the
instrument assessed craving “right now” (as worded above) and “during the scene,”
respectively.

2.4. Procedures
Potential participants who responded to advertisements were screened via telephone to
determine eligibility. The study was described over the phone, and if eligible, participants were
scheduled for the study. To avoid ceiling effects in cigarette craving, they were instructed to
smoke a cigarette immediately before participating in the study session. Upon arriving at the
study site, participants provided written informed consent. Participants were given a CO breath
test using a MicroCO monitor (MicroDirect, Lewiston, ME), and to be conservative, CO levels
were considered as a potential covariate in the analyses (see below). None of the participants
was excluded on the basis of their CO levels. Participants then completed the demographic,
smoking history, and familial pedigree questionnaires, the FTND, and the MNWQ. We then
explained the classic script-guided imagery task: participants were to listen to a 60-second
script and try to imagine the scene as vividly as possible, followed by a 30-second silent period,
during which they were to continue imagining the scene, drawing on personal experiences if
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they wished. Before beginning the exposures, participants were read a practice script (a trip to
the grocery store) to familiarize them with the task. They then listened to the neutral (changing
a light bulb), stress (trip to a dentist), and smoking-related (lighting up after a meal) scripts,
separated by 3-minute recovery periods, during which time participants viewed a nature video
(Hannan, 1999). Immediately before and after each imagery exposure, participants completed
the brief anxiety and craving questionnaires. To further reduce possible carryover effects, the
neutral image was always administered first, and the smoking image, which we anticipated
would be the more potent elicitor of craving, was always administered last. We recognize that
this approach does not control for potential order effects, but previous research from our lab
(Erblich & Bovbjerg, 2004) suggests no significant effect of stimulus order. Upon completion
of the study, participants were thanked for their participation, offered referrals for smoking
cessation interventions, and paid an honorarium of $50.00 for their time.

2.5. Data Analysis
To address the study hypotheses, we first categorized participants on the basis of their family
histories. As in our previous study (Erblich et al., 2003) participants with at least 2 first-degree
relatives who smoked (i.e., parent, child, sibling) were categorized as having a family history
of smoking (FH+; n=86) and all others as FH− (n=74). Participants with only one first-degree
relative (n=18), more likely to indicate a “sporadic” case of family history, were considered
part of the FH− group. Preliminary analyses comparing these subgroups within the FH− Group
confirmed no significant stress- or cue-induced craving differences. We considered deleting
this subset of smokers or conducting a full set of 3-group analyses with subsequent post-hoc
contrasts, but were concerned that these approaches would not be appropriate due to significant
reductions in power.

We used the same criteria for familial smoking history (at least 10 cigarettes/day for at least 5
years) as we did for personal smoking history. It should be noted that some FH− smokers (n=9)
reported multiple second-degree relatives who smoked. While power considerations precluded
their independent examination, excluding this small subset from the analyses did not alter any
results.

Family history, gender and ethnic groups were first compared on demographic and smoking
variables to identify relevant covariates to include in the primary analyses. To address the study
hypotheses, we calculated change scores for anxiety and craving for both the stress and the
smoking imagery scenes. These scores served as the dependent variables in separate ANOVAs,
with pre-imagery scores serving as a covariate (to control change-score reliability [Pedhazur,
1997]). FH status, gender, and ethnic background, and their interaction terms, served as the
predictor variables. For each analysis, additional covariates included baseline-adjusted neutral
imagery changes scores, and vividness, demographic characteristics and smoking variables, if
found to be significantly related to the predictors in preliminary analyses.

3. Results
3.1. Demographic Variables

As displayed in Table 1, the FH+ group in our sample had more women; Χ2(1)=6.02, p<0.02,
fewer high school graduates; Χ2(1)=12.07, p<0.0005, fewer never married participants; Χ2(2)
=10.65, p<0.005, and was older; t(158)=1.98, p<0.05, than the FH− group. Family history
groups did not differ on ethnicity or income level. No differences were observed between men
and women as a group, with the exception that fewer women than men reported household
incomes above $20,000 annually; Χ2(1)=4.09, p<0.05. Caucasian participants, as a group were
more likely to report completing high school than African American or Hispanic participants;
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Χ2(2)=8.77, p<0.02; more Caucasian participants reported earning above $20,000 annually
than African American participants; Χ2(1)=10.73, p<0.002, and African American participants
were older than Hispanic participants; F(2,157)=4.92, p<0.01 (Duncan's post-hoc test of
African American vs. Hispanic participants: p<0.05).

3.2. Descriptive statistics—Background smoking variables
Consistent with their higher risk of persistent smoking, FH+ participants smoked more
cigarettes per day; t(158)=3.70, p<0.0005, had smoked for a greater number of years; t(158)
=2.33, p<0.03, and were more highly dependent, as measured by the FTND; t(158)=3.65,
p<0.0005, than FH− participants. In addition, women had higher FTND scores; t(158)=2.00,
p<0.05, but slightly lower breath CO levels at the start of the study; t(158)=2.28, p<0.03,
compared to men. Finally, Caucasian participants had lower FTND scores than either African
American or Hispanic participants in our sample; F(2,157)=5.17, p<0.01 (Duncan's post-hoc
test of Caucasian vs. African American and Hispanic groups: p's<0.05). Means and standard
errors for these analyses can be found in Table 2.

Results of the primary analyses are reported after adjusting for the demographic and smoking-
related covariates; findings were equivalent, though, with or without their inclusion.
Descriptive statistics for the response variables by family history, gender, and ethnicity can be
found in Table 3.

3.3 Effects of Stress Imagery on Anxiety
The mean anxiety rating pre-imagery was 32.9 (± 2.8), compared to 57.4 (± 2.8) post imagery,
for a mean increase of 24.5 (± 3.3) out of a possible 100 units, which was a significant increase,
as indicated by a preliminary paired t-test t(159)=7.3, p<0.0001. As expected, the ANOVA
revealed no effects of Family History, F(1, 159)=0.16, Gender, F(1, 159)=1.34, or Ethnicity
F(2, 159)=0.00, p<0.99, on the anxiety change scores, confirming that the imaginal stressor
was comparably anxiety provoking for the different groups in the sample.

3.4. Effects of Stress Imagery on Cigarette Craving
As expected, the mean craving rating pre-imagery was 43.0 (± 2.9), compared to 59.1 (± 3.0)
post imagery, for a significant mean increase of 16.1 (± 2.7) out of a possible 100 units; t(159)
=6.0, p<0.0001. Consistent with the study hypothesis and in line with our previous results
(Erblich et al., 2003), in a factorial ANOVA, there was a significant effect of Family History,
F(1, 159)=4.0, p<0.04, such that FH+ smokers exhibited stronger stress-induced craving
reactions (Mean 20.5 ± 3.9) than did FH− smokers (Mean 9.4 ± 3.6). These differences between
family history groups are depicted in Figure 1 (data in Table 4). Interestingly, there was a
significant effect of Gender on stress-induced craving levels F(1, 159)=4.0, p<0.04, such that
women (20.3 ± 3.5) had markedly higher levels than men (9.6 ± 3.8). Consistent with the
additivity of the main effects of Family History and Gender, post-hoc comparisons revealed
that FH+ women had significantly higher stress-induced craving levels (28.1 ± 4.7) than FH−
men (3.6 ± 4.7) [p <0.001], with FH+ men (14.6 ± 5.7) and FH− women (13.5 ± 5.1) falling
in between.

There were, however, no effects of Ethnicity on stress-induced craving; F(2, 159)=0.3, p<0.72.
All effects were consistent both with and without entering covariates in the ANOVA. In
addition, adding the anxiety response as a covariate did not change results, demonstrating that
differences between the family history groups in their craving responses to stress were not due
to variability in anxiety responses (see below).
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3.5. Effects of Smoking Imagery on Anxiety
The mean anxiety rating pre-smoking-imagery was 38.1 (± 2.9), compared to 53.2 (± 2.9) post
imagery, for a significant increase of 15.1 (2.7) units; t(159)=5.6, p<0.0001. In a factorial
ANOVA, however, there were no significant effects of Family History; F(1, 159)=1.2, p<0.28,
Gender; F(1, 159)=1.7, p<0.19, or Ethnicity; F(2, 159)=0.2, p<0.86 on anxiety levels indicating
that the smoking cue was comparably anxiety provoking across Groups.

3.6. Effects of Smoking Imagery on Cigarette Craving
The mean craving rating pre-imagery was 49.2 (± 3.0), compared to 77.0 (± 2.4) post imagery,
for a significant increase of 27.7 (2.6) units; t(159)=10.8, p<0.0001. Consistent with the study
hypothesis, we found a significant effect of family history on smoking cue-induced craving;
F(1, 159)=3.8, p<0.05 (see Figure 1), such that FH+ smokers had stronger reactions (33.8 ±
3.1) than FH− smokers (25.1 ± 3.0). In contrast to our results with regard to stress-induced
craving (and consistent with a previous report [Erblich & Bovbjerg, 2004]), men and women
did not significantly differ in their levels of smoking-cue-induced craving; F(1, 159)=0.1,
p<0.72. Finally, as was the case for stress-induced craving, there were no significant effects
of ethnicity; F(1, 159)=0.6, p<0.55. As above, inclusion of the anxiety response as a covariate
did not change results, demonstrating that differences were not due to variability in anxiety
responses. It should be noted that in all analyses reported above, higher-order interactions
between Family History, Gender, and Ethnicity, were nonsignificant (ps > 0.1).

4. DISCUSSION
The results of the current study replicated and extended findings from our previous study
(Erblich et al., 2003) in a new sample of persistent smokers. Consistent with the study
hypotheses, FH+ smokers exhibited both heightened levels of stress- and cue-induced cigarette
cravings, compared to FH− smokers. Significant effects were observed even after covarying
for baseline differences in smoking characteristics in the study sample (e.g., cigarettes per day,
FTND). Together with our previous findings (Erblich et al., 2003), these results suggest a
possible mechanism underlying familial risk for persistent smoking: heightened craving
responses to environmental stimuli. It must be emphasized, however, that additional research
is necessary to determine the extent to which the heightened craving responses in FH+
individuals have a genetic or environmental etiology. Recent studies from our lab (Erblich et
al., 2004;2005) suggest that genetic factors may contibute significantly to these effects.

A second important finding in this study is that women exhibited stronger stress-induced
craving reactions than men, but did not differ on their levels of cue-induced craving. Although
these findings need to be replicated across additional stress and cue stimuli, the results are
consistent with an emerging literature on gender differences in the motivation for smoking.
For example, Perkins (1996) argues that women smoke more for nonpharmacological reasons
than men, and that negative affect may be a more important precursor to relapse for women
than men. Additive effects of family history and gender in the present study suggest that FH+
women may have the highest levels of stress-induced craving, which raises the possibilty that
this subgroup of women may be particularly vulnerable to the effects of stress on craving,
which in turn might contribute to poorer success rates (Perkins, 2001). The gender differences
in stress-induced craving response in the present study are also consistent with reports that
nicotine replacement, which does not treat the nonpharmacological factors influencing
smoking, is less effective for women than for men (Perkins et al., 1999). In addition, findings
are consistent with a recent study (Byrne & Mazanov, 2003) indicating that stress was more
strongly predictive of smoking behavior in women than men. Taken together, these data may
ultimately be helpful in appropriately matching intervention strategies by gender (e.g., a greater
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focus on stress-management for women in addition to nicotine replacement). It of course,
remains to be definitively established that cue- and stress-induced craving responses, measured
under laboratory conditions, are predictive of smoking cessation outcomes, as cautioned above.

Examination of racial/ethnic background as a predictor of cue- and stress-induced craving
failed to reveal any signifcant effects. To our knowledge, this is the first study to use a
sufficiently powered sample to compare subgroups of smokers from different racial/ethnic
backgrounds. In spite of data suggesting poorer cessation outcomes among African Americans
(U.S. Department of Health and Human Services, 1998), findings revealed comparable levels
of stress- and cue-induced craving responses between the 3 racial/ethnic groups. Findings
demonstrating robust effects across the three ethnic groups in the current study, African
Americans, Caucasians and Hispanics, do not provide support for a stress- or cue-induced
craving mechanism explaining differences in cessation success rates.

It is important to note that in some instances, prestimulus anxiety and/or craving levels did not
return completely to baseline (see Table 3; e.g., among FH+ smokers, pre-stress imagery
craving levels were 42.9, but pre-smoking imagery craving levels were 49.4), suggesting, not
surprisingly, a possible small carryover effect on craving levels within the study. However,
substantial declines from the previous post-stimulus exposure (e.g., from 63.4 post-stress to
49.4 pre-smoking among FH+ smokers) and subsequent marked increases (e.g., to 83.2 post-
smoking among FH+ smokers), argue that reactivity effects were well above and beyond any
carryover effects. Moreover, as indicated above, the analyses controlled for prestimulus levels,
yielding results that reflect reactivity independent of any effects of carryover into subsequent
baseline periods.

Strengths of the study include the use of a well-established experimental design to help
elucidate a possible mechanism for familial risk of persistent smoking. Limitations of the study
include the use of self-report to identify family histories without independent confirmation,
although studies have demonstrated the reliability of familial reports of smoking (e.g., Marks
et al., 2003;Sandler & Shore, 1986). This study also relied on self-report to exclude individuals
with histories of other drug use, which is likely to underestimate true numbers in the sample.
Another limitation was the use of a single-item VAS measure to assess anxiety. While this
approach is useful for rapid assessments during experimental probes with minimal participant
burden, it is unlikely to capture the full breadth of a complex construct such as anxiety. In
addition, while the study revealed significant differences between FH+ and FH− smokers,
participants were not followed prospectively through a cessation attempt. Large scale
prospective studies are now needed to definitively elucidate the pathways from familial risk
to stress- and cue-induced craving, to cessation failure in the context of a quit attempt.
Additional studies to more closely examine modifiers of gender effects (e.g., phase of menstrual
cycle (Franklin et al., 2004) are also warranted. The results of the study described here,
however, provide critical support for the effects of family history on stress-and cue-induced
craving, and provide a strong rationale for larger, prospective studies of the effects of family
history, as well as related genetic and environmental factors on smoking cessation success.
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Figure 1.
Effects of Family History on Stress- and Smoking Cue-Induced Cigarette Craving
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