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n important precipitator of smoking relapse. Dysregulation of neurobiological
pathways related to stress might mediate effects of stress on smoking relapse. This study assessed the extent
to which beta endorphin response to stress is associated with early smoking relapse. Forty-five smokers
interested in smoking cessation were recruited and attended a laboratory session 24 h following the
beginning of their abstinence period. During this session beta endorphin samples were collected before and
after performing two acute stressors (public speaking and cognitive tasks). Participants also attended four
weekly follow-up sessions to assess their smoking status. Results were compared between smokers who
relapsed within the 4-week follow-up period and those who maintained abstinence over the same period.
The acute stressors were associated with significant increases in measures of craving and withdrawal
symptoms (psb0.01). While baseline measures of beta endorphin did not differ between relapsers and
successful abstainers (Fb1), results demonstrated that smokers who relapsed exhibited attenuated beta
endorphin response to the two stressors relative to those who maintained abstinence over the same period
(psb05). These results support recent evidence indicating that a dysregulated stress response is a key
component in predicting smoking relapse.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction

This study examined the extent to which beta endorphin response
to acute psychological stress predicted smoking relapse. Stress has
been shown to lead to higher rates of smoking relapse (Kassel et al.,
2003; Brown et al., 2005). Previous evaluations of the stress response
during acute nicotine withdrawal have focused on the hypothalamus-
pituitary-adrenal (HPA) axis and cardiovascular responses (al'Absi
et al., 2005; Swan et al., 1996). Other neuroendocrine systems
including the endogenous opioid system are known to be activated
by nicotine, and nicotine withdrawal may change their activity (Biala
et al., 2005; Pomerleau, 1998).

Smoking relapse rates are very high during the first few weeks of
abstinence, with approximately 50% of smokers relapsing within the
first 3 days and 75% relapsing within 2 weeks (Garvey et al., 1992;
Duncan et al., 1992; Arnsten et al., 2004). Smoking abstinence is
associated with increased discomfort and stress (Hatsukami et al.,
1988;Hughes, 1992; Pritchard et al., 1992; Stitzer and Gross, 1988), and
these symptoms may exacerbate effects of stress (Perkins and Grobe,
1992; al'Absi et al., 2002). Stress has been considered a significant risk
factor for smoking relapse (Cohen and Lichtenstein, 1990). Identifying
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neurobiological factors that are involved in the interactions of stress
and relapse may point towards future targets for pharmaceutical
manipulations (Weiss, 2005; Self and Nestler, 1998; Koob and Le Moal,
1997).

Endogenous opioids play a role in addiction and reward of multiple
drugs, including alcohol and tobacco (Gianoulakis, 2004; Pomerleau,
1998; Heinz et al., 1995). Beta endorphin is an opioid that is
synthesized from proopiomelanocortin (POMC), with influence on
reward, mood, and pain regulation through action on Delta- and Mu-
opioid receptors (Herz, 1997). The mesolimbic dopamine system plays
a well-established role in mediating the rewarding properties of
addiction (Herz, 1997; Pecina and Berridge, 2005), and there is
evidence that it interacts considerably with the endogenous opioid
system (Dilts and Kalivas, 1989; Gonzales and Weiss, 1998). This is
evidenced by a suppressed dopamine response with opioid blockade
by naltrexone (Gonzales and Weiss, 1998; Gianoulakis, 2001), as well
as a rich supply of opioid receptors in reward centers of the brain, such
as the ventral tegmental area and the nucleus accumbens (Dilts and
Kalivas, 1989; Gianoulakis, 2001). Drugs with abuse potential, such as
opioids and alcohol, increase synthesis of beta endorphin (Laviolette
et al., 2002; Oswald andWand, 2004). In contrast, chronic exposure to
drugs, such as alcohol and nicotine, causes a relative beta endorphin
deficiency (Scanlon et al., 1992), and this deficiency persists for sev-
eral weeks following withdrawal (Rasmussen, 1998; Rasmussen et al.,
2000).
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Beta endorphin is a unique component of the reward pathway and
is possibly involved in reinforcing smoking behavior (Pomerleau,
1998; Rasmussen,1998; Lutfy et al., 2006). Nicotine has been shown to
require Mu-opioid receptors to have addictive potential (Berrendero
et al., 2002; Walters et al., 2005). Cellular studies show that
hypothalamic neurons release beta endorphin in response to acute
nicotine treatment, have desensitized beta endorphin response with
chronic nicotine exposure, and demonstrate withdrawal response
after cessation of nicotine intake (Boyadjieva and Sarkar, 1997). Opioid
blockade with naloxone also led to withdrawal symptoms and
attenuated cortisol response in smokers compared to nonsmokers
(Krishnan-Sarin et al., 1999). The dose-dependent rise in plasma beta
endorphin response to nicotine suggests that the rate of nicotine
infusion is critical to nicotine reinforcement value (Pomerleau, 1992),
however animal studies show that chronic nicotine intake produces
an opioid deficient state which may contribute to maintenance of
nicotine dependence (Rasmussen, 1998).

It is possible that beta endorphin mediates effects of stress on
nicotine addiction, although the nature of this interaction is not yet
well understood. Animals exposed to chronic stress have enhanced
beta endorphin release in response to nicotine intake compared to
unstressed animals (Lutfy et al., 2006). Importantly, plasma levels of
beta endorphin rise with acute stress (Owens and Smith, 1987; Smith
et al., 1986). This study was performed to explore the extent to which
beta endorphin responses to stress after one day of nicotine
abstinence predict smoking relapse. Based on previous research
reviewed above and our work showing that attenuated ACTH
response to stress predicted early relapse, we hypothesize that plasma
beta endorphin hyporesponsiveness to stress predicts increased risk
for smoking relapse.

2. Methods

2.1. Participants

Participants were smokers who were interested in smoking
cessation and were otherwise free from any medical or psychiatric
problems. This paper includes a sample of forty-five participants
drawn from a larger study (al'Absi et al., 2005), and the sample was
composed of all those who had blood samples that were assayed for
beta endorphin. Participants were recruited from the community
using newspaper advertisements for a quit-smoking study and by
posters placed in the university community. Interested participants
completed a preliminary telephone screening interview. This inter-
view included questions concerning current or recent history of
medical or psychiatric disorders, medication intake, and whether
potential participants met smoking criteria (having smoked an
average of 10 cigarettes or more per day for a minimum of two
years). Those who met the initial phone screening criteria were
invited to an on-site screening session. Based on information collected
during the screening session, participants were included if they had
Fig. 1. Timeline protocol during the lab
no history of a major illness or psychiatric disorder, weighed within
±30% of Metropolitan Life Insurance norms, consumed two or less
alcoholic drinks a day, and did not routinely use prescription med-
ications (except contraceptives). Participants signed a consent form
approved by the Institutional Review Board of the University of
Minnesota and were monetarily compensated for their participation
at a rate of approximately 20$/h. Although the initial 24-hour absti-
nence was required prior to the lab session for continuation in the
study, the compensation was not contingent upon maintained absti-
nence after that session.

2.2. Procedures

Participants interested in quitting and who passed phone screen-
ing were scheduled for on-site screening and orientation. Upon arrival
at the laboratory, the participant read and signed a consent form. The
participant then provided a breath sample for the assessment of
expired carbon monoxide (CO), completed forms related to medical
history, smoking history, previous attempts to quit, rating of current
motivation to quit, demographics, and other psychosocial variables
described below. Weight and height were then measured, and this
was followed by a brief interview conducted to explain the study,
confirm eligibility, and address any questions or concerns the
participant might have had. Female participants were asked about
regularity of their menstrual cycle and use of contraceptive medica-
tions. Quit date for menstruating women was scheduled during the
follicular phase (day 3 to day 10) of the menstrual cycle based on self-
report of regularity and time of the previous menstrual cycle.

The laboratory session was conducted after 24 h after the onset of
abstinence from smoking. This 24-hour period of abstinence was
required of all participants. Participants reported to the laboratory
between 12:30 and 1:30 pm. Prior to the session, participants were
instructed to have a light lunch at least 2 h prior to the session. Upon
arriving at the laboratory, a breath samplewas obtained for assessment
of CO, and participants were instrumented for cardiovascular mea-
surements with BP cuff and surface electrodes. Intravenous catheter
insertion was completed. Participants then sat awake, while watching
emotionally neutral nature films and/or documentaries. The protocol
included a 30-minute baseline rest period, followed by the public-
speaking challenges (30 min), and a 30-minute recovery period. Then
participants performed the mental arithmetic and the Paced Auditory
Serial Addition Task (PASAT) tasks (30 min), which were followed by a
final recovery period for 30 min. Blood samples for hormonal
assessment and ratings of mood and withdrawal symptoms were
collected before, during, and after working on two stressors (described
below). Interval between samples was approximately 30 min (see
Fig. 1). Each sample was collected in an 8 mL EDTAVacutainer tube. At
the end of the session, samples were centrifuged and stored at −70 °C.

The order of the two stressors (public speaking and cognitive math
challenge) was fixed with the public-speaking task presented first. The
public-speaking stressor involved three scenarios in which participants
oratory sessions (time in minutes).



Table 1
Subject characteristics

Variables Abstainers Relapsers p

Age (years) 42.9 (4.2) 36.4 (2.4) NS
Education (years) 13.00 (0.9) 14.7 (0.5) NS
Cigarettes 18.8 (2.4) 20.4 (1.4) NS
Physical work 2.2 (1.0) 3.8 (0.7) NS
CO (ppm) 25.3 (3.2) 25.2 (1.8) NS
Caffeine 6.1 (0.9) 3.8 (0.53) 0.03
Positive affect 23.5 (2.6) 22.3 (1.5) NS
Negative affect 4.0 (1.6) 6.0 (0.9) NS
FTND 5.5 (0.38) 5.4 (0.67) NS
CES-D 8.8 (2.7) 12.5 (1.5) NS
STAI 33.5 (2.6) 35.7 (1.5) NS
PSS 11.6 (2.0) 14.5 (1.1) NS

Note, means (standard error of the mean); NS = not significant; CO = carbon monoxide;
FTND = Fagerström Test of Nicotine Dependence; CES-D = Center for Epidemiologic
Studies Depression scale; STAI = State-Trait Anxiety Inventory (Trait Form); PSS =
Perceived Stress Scale.
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were asked to construct and deliver a four-minute speech after 4 min of
silent preparation. They were instructed that their speeches would be
videotaped and then evaluated by two staff members from the
experimental team. The three scenarios were presented in a counter-
balanced order. In one scenario, participants were presented with a
controversial social issue and were asked to introduce their positions
and defend them. In another scenario, participants were given an article
about an issue of general interest and were asked to construct a
presentation based on this article. In a third scenario, participants were
asked to imagine a hypothetical situation where they were being
accused of shoplifting. Participants were asked to construct arguments
for a speech to defend themselves. Before each scenario, participants
were asked to make their statements specific and precise, since the
evaluation of performance was going to be based on how convincing,
organized, articulate, and enthusiastic they were during each presenta-
tion. This task has been shown to be a potent laboratory stressor,
inducing significant cardiovascular, endocrine, and mood changes
(al'Absi et al., 1997).

The cognitive challenge included two tasks, the mental arithmetic
task and the Paced Auditory Serial Addition Task (PASAT) presented in
a counterbalanced order. The mental arithmetic task required
continuously adding the digits of a three-digit number and adding
the sum to the original number (al'Absi et al., 1997). When a mistake
wasmade, the participant was asked to go back to the previous correct
number. Participants performed the PASAT for 8 min (Gronwall, 1977).
The participant must sum each number with the digit presented
immediately before it. Four trials of the PASAT were used with
different lengths of the interstimulus interval (Sherman et al., 1997).
The version used in this experiment included 200 items and the
interstimulus intervals of the four trials were 2.4, 2.0, 1.6, and 1.2 s.

We also conducted four weekly follow-up sessions. At the
beginning of each of these sessions participants provided a breath
sample for carbon monoxide assessment and a saliva sample for
cotinine assay, and they also completed a form about their smoking
behavior. Furthermore, participants attended brief support sessions to
encourage reduction in smoking rate or to help prevent relapse. Due to
occasional scheduling difficulties, intervals between sessions ranged
between 7 and 12 days.

2.3. Measures and instruments

Beta endorphin was assayed using radioimmunoassay kits (Nicols
Institute, Bad Nauheim Germany) with a lower sensitivity of 1 pg/mL.
Cotinine concentrations in saliva were measured by enzyme immu-
noassay (EIA) (DRG Diagnostics, Marburg, Germany). Inter- and intra-
assay variations were below 12%. Measurement of expired CO was
performed using MicroCO™ monitors (Micro Direct Inc., Auburn,
Maine). Participants also completed theMinnesotaNicotineWithdrawal
Scale (MNWS) tomeasurewithdrawal symptoms and theQuestionnaire
of Smoking Urges (QSU-brief; Cox et al., 2001) to measure craving.
Participants also completed a questionnaire that includes two subscales
measuring, positive affect and distress, two factors previously shown to
be reliable in tracking laboratory state-related changes in mood (al'Absi
et al., 1994; al'Absi et al., 1998). Positive affect was assessed using items
of cheerfulness, content, calmness, controllability, and interest. Distress
was assessed using items of anxiety, irritability, impatience, and
restlessness. The two factors were previously shown to be sensitive to
acute stress and to have sound psychometric properties, including
Cronbach's alpha for positive affect and distress of 0.85 and 0.82,
respectively (al'Absi et al., 2003).

In addition, during the screening session participants completed
the Fagerström Test of Nicotine Dependence (FTND; Heatherton et al.,
1991), the Center for Epidemiologic Studies Depression (CES-D) scale
(Radloff 1977), the State-Trait Anxiety Inventory (Trait Form; STAI)
(Spielberger et al., 1983), and the 10-item version of the Perceived
Stress Scale (PSS) (Cohen et al., 1983).
2.4. Data analysis

Analyses were conducted to examine differences in demographics,
smoking, psychological measures, and baseline cardiovascular and
hormonal measures between those who relapsed within the 4-week
period and those who maintained abstinence using analysis of
variance (ANOVA). Relapse was defined as self-report smoking of at
least one cigarette during the four weeks after their quit date.
Hormonal and subjective measures were analyzed using a 2 (Groups:
relapsers and successful abstainers)×6 (Times) mixed multivariate
repeated measure analysis of variance (MANOVA). Beta endorphin
samples were collected from 45 participants, and 34 of them relapsed
within the four-week follow-up period. Effects of the initial abstinence
period on salivary cotinine concentrations and carbonmonoxide were
analyzed using a 2 (Groups)×2 (Assessments prior to and after
quitting) mixed ANOVA. Due to technical difficulties in obtaining all
blood samples only 29 participants had complete beta endorphin data
for the entire session (9 remained abstinent for the entire follow-up
period while 20 relapsed). Due to these missing data, variations
existed between sample size and degrees of freedom for the reported
variables. Analyses were conducted using the SYSTAT software
package (SYSTAT, Inc., Evanston, IL).

3. Results

Relapsers and those who maintained abstinence over the 4-week
period did not differ in age, cigarettes smoked per day, or years of
education (psN0.1; see Table 1). Similarly there were no differences
between relapsers and abstainers in levels of nicotine dependence,
trait anxiety, depression, or perceived stress as measured by FTND, the
Trait Form of STAI, the CES-D scale, and the PSS, respectively (Fsb1.7;
psN .20).

A significant reduction in cotinine levels after the abstinence
period was found comparedwith the ad libitum period (F(1, 42)=23.0,
pb0.0001). This reduction was similar between those who relapsed
and those who maintained abstinence (Fb1). Although significant
cotinine concentrations were present after the 24-hour abstinence
(95.0 ng/mL), these values were approximately 50% less than con-
centrations in the ad libitum condition (180.6 ng/mL). This reduction
is consistent with data on cotinine half-life (Curvall et al., 1990) where
abstinence for 24 h was expected to lead to a decline of about 50% of
cotinine concentrations. These results are also consistent with
previous data obtained from smokers not interested in quitting after
a period of 18-hour abstinence (al'Absi et al., 2002). Expired carbon
monoxide readings after the 24-hour initial abstinence did not exceed
8 parts per million (ppm; M±SEM=4.56± .46). Carbon monoxide
levels were lower after the abstinence period than before quitting (F(1,



Fig. 3. Mean beta endorphin changes in response to the public speaking and cognitive
stressors. Bar lines represent standard error of the mean. Relapsers exhibited smaller
beta endorphin responses to both stressors than successful abstainers (psb0.05).

Table 2
Craving and withdrawal symptoms

Measures Successful quitters Relapsers

Craving
Baseline rest 1 2.9 (0.7) 3.4 (0.4)
Baseline rest 2 2.7 (0.8) 3.1 (0.4)
Public speaking 3.0 (0.7) 3.3 (0.4)
Public speaking+30 min 2.2 (0.7) 3.0 (0.4)
Cognitive tasks 2.7 (0.7) 3.4 (0.4)
Cognitive tasks+30 min 2.8 (0/7) 3.1 (0.4)

Withdrawal symptoms
Baseline rest 1 7.8 (1.9) 8.6 (1.1)
Baseline rest 2 5.1 (1.7) 7.3 (1.0)
Public speaking 7.0 (2.0) 9.4 (1.2)
Public speaking+30 min 6.2 (1.9) 7.7 (1.1)
Cognitive tasks 8.9 (2.3) 11.0 (1.3)
Cognitive tasks+30 min 7.8 (2.0) 8.9 (1.2)

Means (standard error of the mean).
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39)=75.7.8, pb0.0001). No difference was found between relapsers
and abstainers (F(1, 39)=2.65, pN .1).

The acute stressors were associated with significant increases in
measures of craving, withdrawal symptoms, and distress as well as
reduction of positive affect among all participants (Fs(4, 36)N3.7,
psb0.01). However, differences were not observed in positive affect,
withdrawal, or craving between participants who relapsed and those
who maintained abstinence (Fsb1; Table 2).

The two baseline measures of beta endorphin yielded no difference
between relapsers and successful abstainers (Fb1). When analyzing all
sample to examine changes over time due to the stressors, we found no
main effect of group (Fb1), indicating no difference in the overall beta
endorphin concentrations between those who relapsed and those who
maintained abstinence. There was however significant differences
among times (F(5, 21)=2.96, p=0.04) reflecting effects of the acute
stressors (see Fig. 2). Furthermore, we found a sample by group
interaction (F(5, 21)=2.8; p=0.04). As shown in Fig. 2, this was due to
reduced responses to the acute stressors by the relapsing group relative
to the successful abstainers. We further conducted simple effect tests
comparing relapsers and abstainers at each sample and found no dif-
ference between the groups on any of the first three samples (T1, T2, T3)
Fig. 2. Mean beta endorphin concentrations during the laboratory session. Bar lines
represent standard error of the mean. Dark boxes indicate the acute psychological
challenges. Sample by group interaction was significant (pb0.05), due to attenuated
responses by relapsers relative to successful abstainers.
or on T5 (Fsb1). Abstainers however had significantly greater beta
endorphin concentrations than relapsers in T4 (obtained after the
public-speaking stress) (F(1, 35)=4.17, pb0.05). A similar, albeit not
significant trend F(1, 33)=3.47, p=0.07) was found in beta endorphin
concentrations obtained from T6 (obtained after the math stressor).

Further analyses using changes in beta endorphin levels after
stress (calculated by subtracting the pre-stress T2 concentrations from
average levels obtained after public speaking and after cognitive
challenges) showed that responses to public speaking were greater in
the successful abstainers than in relapsers (F(1, 29)=5.7, p=0.02; see
Fig. 3). Similarly, responses to mental math stress were greater in the
abstainers than in the relapsers (F(1, 27)=5.5, p=0.03).

4. Discussion

This study demonstrates that attenuated beta endorphin response
to stress was associated with early smoking relapse. This is a novel
finding and is consistent with previous results showing that
attenuated adrenocorticotropin (ACTH) responses to stress predicted
early relapse (al'Absi et al., 2005). Beta endorphin response is formed
from the same precursor protein (i.e., proopiomelanocortin) as ACTH
(Guillemin et al., 1977), suggesting that the earlier findingsmay be due
to changes at the level of the proopiomelanocortin expression and the
hypothalamic-opioid interaction.

The present results extend previous evidence that a dysregulated
stress response predicts smoking relapse (al'Absi et al., 2005).
Although the release of beta endorphin is related to HPA activity, this
hormone has a more defined and established role in reward andmood
regulation (Herz, 1997). Administration of drugs of abuse including
alcohol, cocaine, and nicotine, provides a reinforcing effect in part by
stimulating beta endorphin and dopamine release in the ventral
tegmental area and the nucleus accumbens (Nisell et al., 1994; Olive
et al., 2001; Roth-Deri et al., 2003; Pomerleau, 1998). These areas are
integral to drug reward (Day and Carelli, 2007; Kalivas and Nakamura,
1999). The nucleus accumbens contains opioid receptors innervated by
beta endorphin neurons (Khachaturian et al., 1984; Mansour et al.,
1988). Higher beta endorphin expression in the nucleus accumbens
increases dopamine release (Koob, 1992), reinforcing use of addic-
tive substances as well as dissuading disuse of pleasurable stimuli
(Salamone, 1994). A drop in beta endorphin release during the with-
drawal state could lead to reduction in dopamine levels in the nucleus
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accumbens making smokers more vulnerable to the rewarding effects
of nicotine (Rasmussen et al., 2000; Laviolette and van der Kooy, 2003).

Mechanisms mediating the association of smoking relapse with
attenuated beta endorphin response to stress are not clear. It is pos-
sible that attenuated responses to stress reflect a long-term allostatic
adjustment resulting from chronic exposure to nicotine (Koob and Le
Moal, 1997), in light of the observation that acute smoking increases
beta endorphin (Pomerleau, 1998; Rasmussen, 1998). It is therefore
possible that nicotine's actions on levels of beta endorphin contribute
to the reinforcing properties of smoking and enhance the benefits
smokers draw from nicotine. Attenuated response during stress while
smokers are in the process of quitting may prime smokers for greater
reinforcement of smoking and may exacerbate abstinence effects on
mood, although this hypothesis remains to be tested. The attenuated
beta endorphin response among smokers who relapsed may also be
secondary to prolonged exposure to nicotine and other ingredients in
cigarettes, possibly leading to long-term alteration of central dopa-
minergic and opioid systems (Koob and Le Moal, 1997). The impact of
these long-term alterations may be accentuated during abstinence,
increasing craving and enhancing the reinforcing properties of
smoking. It is also possible that the stress hyporesponsiveness reflects
a preexisting alteration in stress and emotion-related processing cen-
ters in the brain, such as forebrain and limbic functions (Robledo and
Koob, 1993).

Although acute stress was associated with increase in both craving
and distress among all participants, our results did not show differ-
ences in thesemeasures between relapsers and thosewhomaintained
abstinence. This is in contrast to prior literature (Swan et al., 1996;
Kenford et al., 2002). Previous research has shown that greater distress
and drop in positive affect are linked to failed smoking cessation
(Cohen and Lichtenstein, 1990; Covey, 1999; Brown et al., 2001). We
note that subjective measures in our study were obtained from both
groups after a required period of abstinence (i.e., the first 24 h of a quit
attempt) possibly limiting variance across the two groups.

The absence of differences between groups in resting measure of
plasma beta endorphin is consistent with previous studies showing
stable basal endorphin concentrations in smokers (Wewers et al.,
1994). In the present study, smokers who relapsed and those who
were successful in abstaining had comparable histories of smoking
and levels of nicotine dependence. They also had comparable baseline
beta endorphin concentrations. This suggests that altered beta endor-
phin stress response in relapsers may have been specific to effects of
chronic smoking on stress-related brain/limbic processing centers or
to preexisting alterations in the stress response regulatory systems.

This study is limited by the small sample size that might have
contributed to the lack of differences between the two groups of
smokers in withdrawal or craving symptoms (Piasecki et al., 2002).
The study design and sample size did not allow for a careful exam-
ination of sex differences or effects of smoking versus abstinence.
Future studies should examine these effects and explore the inter-
action of different hormone systems with respect to relapse (Marchesi
et al., 1997). The relationship between the hypothalamic-pituitary-
adrenocortical axis and endogenous opioids and how they may
mediate the effects of stress on smoking and relapse are particularly
interesting to explore (del Arbol et al., 2000). Furthermore, research
using blockade protocols are needed to directly examine the role of
the endogenous opioid system in mediating the effects of stress in
smoking behavior and relapse. Such research should also provide
information on the therapeutic potential of opioid antagonism in
smoking intervention (King and Meyer, 2000; Rukstalis et al., 2005;
Epstein and King, 2004).

Because plasma beta endorphin does not enter the brain in large
quantities due to the blood brain barrier, we cannot conclude that the
attenuated responses to stress directly affected centrally mediated
craving and mood changes during early abstinence, and it is not clear
whether altered central beta endorphin processing is caused by chronic
smoking. More research, including pharmacological blockade studies, is
warranted to test these possibilities.

In summary, this study showed that early smoking relapse was
associated with attenuated beta endorphin response to stress. This is
consistent with previous research showing an altered HPA axis
response to be a predictor of smoking relapse, and it demonstrates
the need to further examine the relationships between the endogen-
ous opioid system and the HPA axis in predicting relapse.
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