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Abstract — Aims: The present study sought to investigate the relationship between the HPA axis reactivity to stress, the endogenous
opioid system and stress-induced drinking behavior. Methods: In the present study, 74 non-treatment-seeking alcohol-dependent subjects
were tested under two mood conditions, neutral and stress, in separate testing sessions. Salivary cortisol measurements were obtained
following stress induction and during the neutral control condition. Multiple measurements of alcohol intake, latency to access the
alcohol cue and craving for alcohol were obtained during cue-availability testing. In addition, 52 of the study subjects were genotyped
for the μ-opioid receptor. Results: A blunted cortisol response to stress was significantly correlated with increased alcohol intake
following stress exposure compared to alcohol intake during the neutral session. There was not a clear correlation between the change
in cortisol in response to stress and the change in latency to access alcohol or alcohol craving in response to stress. Carriers of the Asp40
variant of the μ-opioid receptor exhibited a dampened cortisol response to stress, higher alcohol intake and greater craving in response
to stress compared to Asn40 homozygotes, although these differences were not statistically significant. Conclusions: The results of the
present study indicate that a blunted biological stress response was correlated with increased drinking in response to stress. The Asp40
variant of the μ-opioid receptor may be associated with this HPA axis hyporeactivity although the small sample size used in the present
study did not permit adequate evaluation of this association.

INTRODUCTION

Stress relief is thought to be a major motivation for excessive
alcohol consumption. The physiologic mechanism of stress
relief following alcohol consumption is thought to occur at
least in part via the body’s main stress-response pathway, the
hypothalamic pituitary (HPA) axis. Acute alcohol administra-
tion has been shown to enhance levels of HPA axis hormones
in humans and animal models (Rivier et al., 1990; Piazza and
Le Moal, 1996, 1997; Culpepper-Morgan and Kreek, 1997;
Koob and Le Moal, 1997). As dependence on alcohol devel-
ops, HPA axis activity appears to become dysregulated, and
over time, chronic exposure to alcohol may actually decrease
the responsiveness of the HPA axis to external stimuli (Dave
et al., 1986; Rivier et al., 1990; Inder et al., 1995; Le et al.,
2000; Rasmussen et al., 2000; Zorrilla et al., 2001). Moreover,
self-reported alcohol craving has been shown to be inversely
correlated with cortisol levels in alcohol-dependent individuals
(O’Malley et al., 2002), suggesting that decreased HPA axis
activity in this population may be associated with heightened
alcohol craving. Studies show that chronic alcohol consumption
may be associated with decreased responsiveness of the HPA
axis to external stressors (Adinoff et al., 1990; Errico et al.,
1993; Costa et al., 1996; Lovallo et al., 2000; Errico et al.,
2002; Sorocco et al., 2006; Dai et al., 2007), and a greater risk
of relapse has been associated with a blunted cortisol response
to both alcohol cues and psychological stress (Junghanns et al.,
2003, 2005). Individuals who experience an attenuated HPA
response to stress may also experience a blunted HPA response
to alcohol and may therefore consume excessive amounts of
alcohol to increase cortisol secretion and achieve the desired
biological response.

The blunted physiologic stress response observed in alco-
holics may be due to irregular activity of stimulatory and in-
hibitory neurotransmitter circuits that impact the HPA axis,

such as the endogenous opioid system (Gianoulakis, 1998).
Importantly, there is considerable evidence linking the endoge-
nous opioid system to the development and maintenance of
alcoholism (for review, see Gianoulakis, 2004). Evidence from
previous research indicates that there may be an inherited, ge-
netic basis for the altered HPA axis and endogenous opioid
system functioning observed in some alcoholics. Abnormal
HPA activity has been observed in non-dependent persons with
a positive family history of alcoholism (Schuckit et al., 1987;
Wand and Dobs, 1991; Waltman et al., 1994; Costa et al.,
1996). One recent study found that β-endorphin release from
the pituitary following stress was increased to a greater de-
gree in individuals with no family history of alcoholism than
in individuals with a positive family history (Dai et al., 2005).
Wand and colleagues (1998, 1999a, 1999b) have demonstrated
that family history of alcoholism may also influence the corti-
sol response to opioid receptor blockade. The fact that the al-
tered HPA axis activity in response to opioid receptor blockade
is similar in non-dependent family history positive individuals
and alcohol-dependent persons suggests that these differences
represent an inborn, inherited variation in the normal stress
response involving the endogenous opioid system.

The A118G (Asn40Asp) variant of the μ-opioid receptor is
a potential mediator for the altered HPA axis activity observed
in alcoholics. The A118G polymorphism, which produces the
Asp40 variant of the μ-opioid receptor, binds β-endorphin three
times more strongly than the Asn40 allele (Bond et al., 1998).
It has been hypothesized that individuals carrying the Asn40
allele may exhibit altered drinking behavior that is associated
with this heightened interaction between β-endorphins and
μ-opioid receptors. Results of the two treatment studies indi-
cate that alcoholic subjects with at least one copy of the variant
allele who were treated with naltrexone experienced improved
clinical outcomes compared to those treated with placebo and
those who did not carry the variant allele (Oslin et al., 2003;
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Anton et al., 2008). However, a separate study examining the
effects of naltrexone found no significant difference in drink-
ing behavior between carriers and non-carriers of the variant
allele (Tidey et al., 2008), and in a laboratory study, McGeary
et al. (2006) found that naltrexone increased alcohol craving
in response to alcohol cues in carriers of the variant allele.
Thus, the relationship between the A118G polymorphism of the
μ-opioid receptor and a potential benefit of naltrexone treat-
ment remains unclear.

Interestingly, the A118G variant may also be associated with
an abnormal stress response. Individuals with at least one copy
of the A118G allele demonstrated heightened ACTH and cor-
tisol responses to naloxone than those who were not carriers of
the allele (Wand et al., 2002; Hernandez-Avila et al., 2003). In-
dividuals with the A118G polymorphism also exhibit a blunted
cortisol response to psychological stress (Chong et al., 2006).
This evidence suggests that the higher affinity binding observed
for the receptor variant confers higher inhibitory opioidergic
tone directed at CRH-producing cells leading to increased HPA
axis response to opioid receptor blockade but decreased re-
sponse to stress.

The present study seeks to test the hypothesis that a blunted
HPA axis response to stress may represent increased vulner-
ability to stress-induced drinking and relapse, and that this
increased vulnerability may be mediated by the A118G poly-
morphism in the μ-opioid receptor.

METHODS

All recruitment, screening and testing procedures used in this
study adhered to the guidelines set forth by the National Ad-
visory Council of the NIAAA for administering alcohol to
humans (NIAAA, 2005), specifically those which address ad-
ministering alcohol to alcoholics. All procedures were also ap-
proved by the Institutional Review Board at Indiana University
and met requirements for informed consent and confidential-
ity. Power and sample size calculations were estimated using
preliminary data for this study taken from 19 pilot subjects.

Subjects

Non-treatment-seeking alcoholics whose preferred beverage
was beer were recruited through newspaper advertisements.
Prospective subjects underwent initial screening over the
phone, and eligible subjects were scheduled to undergo ad-
ditional screening in the laboratory. Subjects were tested indi-
vidually between 1:00 and 7:00 pm. They were instructed to
abstain from alcohol starting at midnight on the day of testing
to ensure a BAC of zero upon presentation at the laboratory.
They were also asked to refrain from consuming food or caf-
feinated beverages after 9:00 am on the day of testing so that
all subjects presented in approximately the same prandial state.
Upon arrival at the laboratory, subjects provided informed con-
sent and were given a breathalyzer test using an Alco-Sensor IV
Intoximeter (St. Louis, MO, USA). Qualifying subjects were
served a standardized light snack prior to starting the experi-
ment, followed by a restroom break and, for smokers, a cigarette
break. Subjects were encouraged to arrive at their sessions via
public transportation or to have a friend transport them, and
they were not released from the study until their BAC fell to
0.00 g/dL. Following the second testing session, each subject

received information concerning the potential risks of their high
level of consumption. Referrals for treatment were available at
the subject’s request; however, none of the subjects requested
this information. Subjects were paid $50 after each test session
was completed.

Inclusion criteria

Study subjects were non-treatment-seeking alcohol-dependent
men and women between the ages of 21 and 70. Alcohol de-
pendence was determined by conducting the Structured Clinical
Interview for DSM-IV (First et al., 1996). None of the subjects
had received treatment for their alcohol problems within the
past year, nor were they interested in receiving treatment.

Exclusion criteria

Potential subjects were excluded if they had any medical condi-
tion that would have precluded them from consuming alcohol,
if they had recently used any drug other than alcohol, nicotine
or caffeine as determined by a urine drug screen, or if they
scored ≥8 on the Clinical Institute Withdrawal Assessment for
Alcohol Scale (CIWA, Sullivan et al., 1989), indicating they
were at risk for significant withdrawal symptoms. Other exclu-
sionary criteria included current depression, use within the past
month of any mood-altering drug that might affect the study’s
outcome (e.g. anti-depressants), being under court order not to
consume alcohol, inability to be reached by phone or inability
to understand the study questionnaires and procedures in En-
glish. Female subjects took a urine pregnancy test and pregnant
or breast-feeding women were also excluded.

Of the 377 potential participants who were screened over
the phone, 80 qualified to participate in the study and attended
at least one testing session. Six subjects did not return for
their second session and their data were omitted from all anal-
yses. The data from these subjects were also excluded from
analyses. Of the 74 subjects who completed both study ses-
sions, 22 were not genotyped for the μ-opioid receptor gene
(OPRM1) as they were recruited and underwent laboratory test-
ing prior to the addition of the genotyping component of the
study. Therefore, data from 74 total subjects were used to ana-
lyze the correlations between changes in cortisol and drinking
behavior, and data from 52 total subjects were used to analyze
the relationships between OPRM1 genotype and drinking be-
havior. Characteristics for all 74 subjects who were tested are
summarized in Table 1.

Intake measures

The Alcohol Dependence Scale (ADS; Skinner and Horn,
1984) was used to quantify the level of dependence in alcohol-
dependent subjects. The Time Line Follow Back Interview
(TLFB) (Sobell and Sobell, 1996) was used to assess alco-
hol consumption for the preceding 30 days. The Family Tree
Questionnaire (Mann et al., 1985) was used to determine the in-
herited risk for alcoholism in each individual. The Fagerstrom
Test for Nicotine Dependence (Heatherton et al., 1991) was
used to collect smoking history and degree of dependence.

Stress induction

The Paced Auditory Serial Addition Test (PASAT; Gronwall,
1977) was used to induce stress in the subjects. Researchers
have found that brain injury patients as well as healthy
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Table 1. Subject demographics

Age 36.6 ± 9.2
Sex 52 M, 22 F
% Minority 60.8
% Unmarried 91.9
% Employed 33.8
% Smokers 78.4
% FH+ 92
Education (years) 12.6 ± 1.4
% DA 16.8 ± 13.5
D/DD 9.8 ± 4.6
% HDD 68.6 ± 21.1
ADS score 12.7 ± 6.9

Mean values given with standard deviations.
% FH+ = percent with positive family history of alcoholism; % DA = percent
days abstinent; D/DD = mean drinks per drinking days; % HDD = percent
heavy drinking days (≥4 drinks for women, ≥5 drinks for men).

individuals report a negative affective response to the PASAT
procedures (Roman et al., 1991; Spreen and Strauss, 1991;
Lezak, 1995). Holdwick and Wingenfeld (1999) demonstrated
the ability of the PASAT to significantly elevate subjective
stress levels and evoke associated negative feelings. The PASAT
has since been used in the laboratory as a psychological stres-
sor by researchers investigating the effects of mood on behavior
(Feldner et al., 2006; Vanderkaay and Patterson, 2006).

Subjects were randomly assigned to the order of the stress
condition. They were told that the purpose of the study was to
investigate the cognitive abilities of individuals who consume
alcohol on a regular basis. The stress induction procedure took
∼15 min. Subjects were tested at two different stimulus pre-
sentation rates and were given an unpaced practice trial. The
subjects’ performance was not scored and no feedback was pro-
vided, but the experimenter gave the impression of scoring and
taking notes on the subject’s performance in order to increase
the subject’s anxiety. The neutral control condition consisted
of having the subjects sit quietly for the same length of time as
the PASAT task.

Salivary cortisol concentration measurement

Saliva samples were collected 5 min after the stress and neu-
tral mood induction procedures to determine salivary cortisol
concentrations and assess the ability of the stress manipula-
tion to elicit a biological response through the HPA axis. The
measurement taken after the neutral mood induction served
as a within-subjects control. Sample collection and assay pro-
cedures are based on those published by Klimes-Dougan and
colleagues (2001). Assays were performed using salivary cor-
tisol EIA kits (Research Kit, 10-67100, Diagnostic Systems
Laboratories, Webster, TX, USA). This kit has demonstrated
excellent accuracy in determining salivary cortisol levels in
other studies (Bodani and Edwards, 1999; Raff et al., 2002).

Cue-availability procedure

Following the stress induction or neutral mood procedures,
drinking behavior was assessed using the cue-availability
paradigm. A computer monitor guided the subjects through
the trials by displaying instructions and study questions. All
subjects completed eight practice trials with a water cue. Sub-
jects were tested individually and were exposed to 40 trials at
each of two sessions completed on separate days. Each sub-

ject’s preferred beer of the three ‘light’ brands available served
as the alcohol cue and was poured into a pilsner beer glass.
A sliding glass window that could be locked provided access
to the cue box. When the cue was available for consumption
(window unlocked), the subjects were told that they could take
a drink of the beverage. Tones then prompted the subject to look
at the monitor and respond, using the keypad, to the craving
questions that were presented in random order.

The craving scale consisted of four items derived from
the analyses of the 47-item Alcohol Craving Questionnaire
(Singleton et al., 1995). The four items that were selected cor-
relate most highly with the overall score. The items were (1)
I want to use alcohol right now; (2) I have an urge to drink
right now; (3) It would be great to use alcohol right now; (4)
Nothing would be better than drinking right now. Reliability
estimates for this item set indicate an internal consistency of
0.89. All questions were answered on a scale of 1–7 repre-
senting the degree to which the subject agreed with the given
statement. The questions were presented at baseline and inter-
mittently during the cue-availability procedure for a total of
nine assessments. Motivation to drink alcohol was defined as
the latency in milliseconds to attempt to open the window of the
cue box to access the cue. Latency was measured on all trials.
Alcohol intake was measured on all trials when the alcohol cue
was available for consumption. Measurements were obtained
by weighing the serving glass before and after each trial that the
alcohol cue is available for consumption. Measurements were
performed outside of the view of the subjects using a Navigator
scale by OHAUS (model no. N1 B110).

Genotyping the OPRM1 at Asn40Asp (A118G); AAC to GAC

Following participation in the second testing session, a finger
stick was performed on the subjects to obtain a spot of blood on
filter paper. This blood spot was used as a DNA sample for PCR-
based genotyping. Genotyping was performed by researchers at
the Alcohol Research Center at the Indiana University School
of Medicine. The ‘Generation Kit’ from Gentra Systems
(Minneapolis, MN, USA) was used for DNA isolation.
Genotyping was performed using a custom designed TaqMan
SNP Genotyping Assay obtained from Applied Biosystems
(Foster City, CA, USA). The Assays-by-Design service
custom-designed, synthesized, formulated and tested the
TaqMan primer and fluorescent probe assays. Genotyping was
carried out according to the protocol outlined in the literature
provided. In a single tube, the template DNA was added to
the TaqMan Universal PCR Master Mix, which contained the
primers, probes and buffer. This step was followed by thermal
cycling and detection. Genotypes were detected using the ABI
Prism 7700 Sequence Detection System.

Data analysis

All analyses were performed with the SPSS mainframe statis-
tical package (SPSS Inc., Chicago, IL, USA). Prior to carrying
out the analyses, all data were tested to ensure a normal distri-
bution. The latency data did not follow a normal distribution
and were therefore transformed using a conservative square-
root calculation. To determine if salivary cortisol levels were
increased following the stress induction compared to the neu-
tral mood condition, a two-tailed paired samples t-test was
performed on the cortisol data.
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Fig. 1. Percent change from the neutral to the stress condition for salivary cor-
tisol concentration, alcohol intake, latency to access the alcohol cue and alcohol
craving. Solid bars represent the means for subjects who were homozygous for
the Asn40 allele of the μ-opioid receptor; hatched bars represent the means for
carriers of the Asp40 allele of the receptor. Error bars represent the standard

error of the mean.

In order to examine whether cortisol response to stress was
correlated with changes in alcohol intake, latency to access
the cue or alcohol craving in response to stress, correlational
analyses were carried out on these measures. Percent change
in salivary cortisol, alcohol intake, craving and latency from
the neutral to stress sessions were calculated and used in the
analyses to allow a normalized comparison of stress response
between individuals. To test the hypothesis that genotype at
the OPRM1 gene would be associated with changes in cortisol
concentration, alcohol intake, craving or latency to access the
cue in response to stress, independent samples t-tests were
performed for each outcome measure using the genotype as a
grouping variable.

RESULTS

Genotyping for the A118G polymorphism

The subject sample included 42 asparagine (Asn) homozygotes
(81%) and 10 aspartate (Asp) carriers (19%). There were no
Asp homozygotes.

Salivary cortisol concentration

The mean salivary cortisol concentration measured following
the PASAT task (mean = 5.87 nmol/L, SEM = 0.052) was
significantly greater than that measured following the neutral
control condition (mean = 5.58 nmol/L, SEM = 0.051) [t(73) =
10.80, P = 0.000]. Overall, the mean percent increase in sali-
vary cortisol from the neutral baseline level to the post-stressor
level was 5.3% (SEM = 0.5%). For individuals who were Asn
homozygotes for the OPRM1 gene, the mean percent change
in salivary cortisol concentration between the neutral and stress
conditions was 5.2% (SEM = 0.6%). For carriers of the A118G
polymorphism, the mean percent change in salivary cortisol
concentration between the neutral and stress conditions was
2.7% (SEM = 1.1%). These results are displayed in fig. 1. An

Table 2. Mean alcohol intake, latency to access the alcohol cue and alcohol
craving under the neutral and stress conditions

Neutral Stress

Alcohol intake (oz) 2.08 ± 0.13 2.19 ± 0.14
Latency to access the alcohol cue (ms) 2148 ± 62 2162 ± 67
Alcohol craving 4.21 ± 0.20 4.02 ± 0.21

Mean values with standard errors of the means for all 74 subjects tested in the
study.
Alcohol craving measured on a 1–7 scale (see the text): 1 = low craving,
7 = high craving.

Table 3. Correlations between changes in salivary cortisol concentration from
the neutral to the stress condition and changes in drinking behavior in

response to stress

R P

Alcohol intake −0.252 0.015
Latency to access the alcohol cue −0.147 0.107
Alcohol craving −0.076 0.259

independent samples t-test revealed a trend for Asn homozy-
gotes to have a greater mean increase in cortisol concentration
in response to stress than Asp carriers, although this difference
was not statistically significant [t(50) = 1.864, P = 0.068]. No
significant correlations were found between any of the subject
characteristics listed in Table 1 and the change in cortisol in
response to stress (all P > 0.05).

Alcohol intake

The mean alcohol intake measured for all 74 subjects under the
neutral and stress conditions is reported in Table 2. As reported
in Table 3, a significant negative correlation was observed be-
tween the change in salivary cortisol in response to stress and
the change in alcohol intake in response to stress (r = −0.252,
P = 0.015). A greater change in cortisol from the neutral to the
stress condition was correlated with a smaller change in alco-
hol intake between the neutral and stress conditions. Figure 1
displays the mean percent change in alcohol intake from the
neutral to the stress condition for the 52 genotyped subjects.
Although the Asn homozygotes had a smaller mean increase
in alcohol intake in response to stress (mean = 15.3%, SEM =
9.0%) than the Asp carriers (mean = 30.7%, SEM = 17.4%), an
independent samples t-test revealed no statistical significance
between the groups [t(50) = −0.757, P = 0.453].

Latency to access the alcohol cue

The mean latency to access the alcohol cue measured for all 74
subjects under the neutral and stress conditions is reported in
Table 2. As reported in Table 3, there was no significant corre-
lation observed between change in salivary cortisol in response
to stress and change in latency to access the cue in response
to stress (r = −0.147, P = 0.107). An independent samples
t-test revealed no statistical significance between the mean per-
cent change in latency from the neutral to the stress condi-
tion for the Asn homozygotes (mean = 6.7%, SEM = 3.1%)
and the Asp carriers [mean = 5.3%, SEM = 8.2%; t(50) =
0.188, P = 0.851]. These results are displayed in Fig. 1.
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Alcohol craving

The mean alcohol craving reported for all 74 subjects in the neu-
tral and stress conditions is reported in Table 2. As reported in
Table 3, there was no significant correlation observed between
change in salivary cortisol in response to stress and change in
craving for alcohol in response to stress (r = −0.076, P =
0.259). Figure 1 displays the mean percent change in craving
from the neutral to the stress condition for the 52 genotyped
subjects. Although the Asn homozygotes had a smaller mean
increase in craving in response to stress (mean = 3.2%, SEM =
8.4%) than the Asp carriers (mean = 34.6%, SEM = 39.1%), an
independent samples t-test revealed no statistical significance
between the groups [t(50) = −1.237, P = 0.222]. In addition,
the baseline craving score was used as a covariate in the anal-
yses. However, no significant association was found between
baseline craving and stress-induced changes in craving (r =
−0.203, P = 0.082).

DISCUSSION

Psychological stress is thought to be an important trigger for
uncontrolled alcohol consumption or relapse to drinking fol-
lowing a period of abstinence. However, the biological link
between stress and drinking has not been well characterized.
The present study examined interactions between the HPA axis
and the endogenous opioid system as a potential pathway me-
diating stress-induced alcohol consumption.

The PASAT task utilized as a stressor in this study success-
fully induced a biological response to stress in the subjects.
Salivary cortisol concentrations were significantly greater fol-
lowing the stress task than in the neutral control condition,
indicating activation of the HPA axis in response to the stres-
sor. The findings from the present study indicate that a blunted
biological response to stress is associated with increased alco-
hol consumption following exposure to stress, as the change in
the cortisol level between the neutral and stressed conditions
was negatively correlated with the change in consumption be-
tween the two conditions. This finding is consistent with the
previous research that demonstrated an association between an
attenuated hormonal response to alcohol cues or stress and an
increased risk for relapse (Junghanns et al., 2003, 2005). It is
possible that individuals with blunted HPA axis reactivity to
external stimuli may seek to consume alcohol in response to
stress in order to compensate for their hormonal insufficiency.
Thus, HPA axis function could serve as a predictor of risk for
alcohol dependence in alcohol-naı̈ve or social drinkers, or as a
predictor for risk of relapse in abstinent alcohol-dependent indi-
viduals. Using HPA axis reactivity as a predictive marker could
help to identify individuals at risk for dependence or relapse
prior to development of those conditions, which would allow
the individuals and their treatment providers to take preventive
action.

Change in cortisol in response to stress and change in latency
in response to stress were not significantly correlated although
there was a trend for these measures to be negatively correlated.
This trend suggests that a dampened biological response to
stress may also be associated with an increased motivation to
consume alcohol, which corroborates the correlation observed
between cortisol response and alcohol intake. It is possible that

the relatively short latency times observed during the study may
have limited variability in the latency measure and prevented
observation of statistical significance. The modification of the
experimental paradigm to increase the amount of movement
required to access the cue could improve the sensitivity of
the latency measure, thereby creating a reasonable proxy for
motivation to drink that may predict actual consumption.

There was no significant correlation between changes in cor-
tisol and craving for alcohol in response to stress in the present
study. This finding deviates from previous research demonstrat-
ing that the hormonal response to stress may influence craving
for alcohol in dependent individuals (O’Malley et al., 2002). In
the present study, the mean craving scores at baseline as well as
in both the neutral and stress conditions were relatively high,
and craving ratings showed very little variability throughout
the trials regardless of stressed or neutral condition. It is pos-
sible that no effect of stress on craving was observed because
of a ‘ceiling’ effect that prevented accurate measurement of
changes in craving in response to stress. Alternatively, failure
to find a correlation between craving and cortisol responses
to stress despite the above reported findings for intake and
latency may indicate that subjective craving is not a reliable
predictor of actual alcohol use in this experimental paradigm.
The concept of craving and its role in addictive behavior has
been long debated in the fields of alcohol and drug research,
and many studies have failed to find a consistent correlation
between measures of craving and measures of drug use. Future
studies should seek alternative means of assessing subjective
urge to drink and should continue to include multiple mea-
sures of propensity to drink such as alcohol intake and latency
to drink in order to accurately assess the various aspects of
drinking behavior.

The investigation into whether the Asp40 allele of the
μ-opioid receptor is associated with altered HPA axis reactivity
to stress indicated a trend for carriers of the variant receptor
allele to exhibit a blunted cortisol response to stress compared
to those who were not carriers, although this trend was not
statistically significant. This result is consistent with previous
research demonstrating that carriers of the Asp40 allele exhibit
an abnormal cortisol response to naloxone and stress (Wand
et al., 2002; Hernandez-Avila et al., 2003; Chong et al., 2006).

In light of the evidence indicating that a blunted hormonal re-
sponse to stress increases risk of relapse (Junghanns et al., 2003,
2005), it was hypothesized that individuals with the A118G
polymorphism would also exhibit greater increases in drink-
ing behavior in response to stress secondary to hyporeactivity
of the HPA axis. The present study demonstrated that sub-
jects with the receptor variant did in fact have a greater percent
change in alcohol intake in reaction to stress than did those who
were not carriers. Although the percent change for the heterozy-
gotes was twice that of the Asn40 homozygotes, the difference
was not statistically significant. Similarly, craving for alcohol
increased to a greater degree in response to stress for the Asp40
carriers than the Asn40 homozygotes. Craving for alcohol in-
creased 34.6% in response to stress for carriers of the variant
allele but only 3.2% for the non-carriers. However, as with the
alcohol intake data, this difference was not found to be sta-
tistically significant. A comparison of the percent change in
latency to access the cue in response to stress between the
Asn40 homozygote and Asp heterozygote groups did not mir-
ror the findings for alcohol intake. The change in motivation
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to consume alcohol in reaction to a stressor as measured by
latency was similar in the two groups.

It was surprising that the differences in the cortisol, alcohol
intake and alcohol craving data between the Asn40 homozy-
gotes and the Asp40 carriers were not significant despite sizable
differences between the groups. The high degree of variabil-
ity within both groups observed for these measures provides
a possible explanation for why these differences were not sig-
nificant. The standard error calculated for the data was likely
too large to permit an accurate determination of potential dif-
ferences between the groups. It is possible that a larger sample
size would decrease the standard error in the data and permit
observation of significant differences. The small sample size
for Asp40 carriers therefore represents a substantial limitation
of the present investigation.

Due to the fact that genotyping for the A118G polymor-
phism was not included in the initial study protocol, a large
percentage of subjects (30%) were not tested for the receptor
variant. The lack of genotype information for all 74 subjects
represents a significant limitation of this study, as the inclu-
sion of such data from these subjects may have altered the
reported findings regarding the relationships between drinking
behavior and OPRM1 genotype. Of the 52 subjects who were
genotyped, 42 were homozygous for the Asn40 allele while
10 were heterozygous carriers of the Asp40 allele; no subjects
were homozygous for the Asp40 allele. At least one copy of
the A118G polymorphism is present in 24–36% of individ-
uals of European descent (Bergen et al., 1997; Bond et al.,
1998; Crowley et al., 2003), but in less than 1% of African
Americans (Gelernter et al., 1999). Because African Ameri-
cans made up 60% of the subjects in the present study, the
number of Asp40 carriers was quite low. Attempts were made
to specifically recruit individuals with the polymorphism, but
these efforts failed to substantially increase the number of car-
riers due to the fact that the majority of respondents to study
advertisements were minorities. Obtaining a sufficiently large
sample size to permit an accurate assessment of differences
between individuals with the polymorphism and those without
would have required many more months of subject recruit-
ment, and this avenue was not pursued to avoid compromising
the ability to complete the other aims of the study. Future
investigations should take into account the difficulty of recruit-
ing carriers and should obtain a larger sample size in order to
achieve sufficient power to more accurately assess the effects
of the A118G polymorphism on drinking behavior. It is also
possible that population stratification, for example differences
in allele frequencies between groups arising from systematic
differences in ethnic background, could have confounded the
results. There is little research to date indicating whether popu-
lation stratification may influence observations associated with
the A118G genotype, but future studies should consider this
possibility.

Overall, the results of the current study indicate intriguing
associations among stress-induced alcohol drinking behavior,
the HPA axis and the endogenous opioid system that neces-
sitate further investigation. These findings represent an im-
portant addition to the body of research investigating determi-
nants of hazardous alcohol drinking behavior and future studies
should aim to further elucidate the nature of these associations.
Biological measurement of stress responsiveness may provide

a method for identifying individuals who are most at risk for se-
rious stress-related alcohol problems. Alcohol-dependent per-
sons who exhibit blunted HPA axis reactivity to stress could
therefore be targeted with behavioral or pharmacological thera-
pies that counteract the impact of stress or normalize HPA axis
activity in an effort to reduce increased drinking that is pro-
voked by stress exposure. Additionally, identification of car-
riers of the A118G polymorphism may be a useful tool for
identifying individuals most at risk for stress-induced relapse
to drinking. Alcohol-dependent carriers of the variant recep-
tor may be more responsive to treatment with opioid receptor
antagonists or pharmacotherapies targeting the HPA axis, and
screening alcoholics in treatment for the polymorphism could
provide a means for targeting specific treatments to those who
are most likely to demonstrate response. Future research should
also investigate whether certain patient characteristics other
than genotype, such as degree of alcohol dependence or family
history of alcohol dependence, may be predictably associated
with an altered hormonal response to stress and stress-induced
drinking. Identification and characterization of the factors that
contribute to chronic alcohol consumption and relapse will fa-
cilitate the development of new treatments for alcohol depen-
dence and thereby improve patient care and quality of life.
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