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The purpose of this study was to determine whether schizophrenia was associated with alterations in alcohol response that might explain

the elevated risk for AUDs in this population. In a randomized, double-blind, placebo-controlled, counter-balanced 3 test day laboratory

study, the effects of alcohol were compared in 23 subjects with schizophrenia (without any previous alcohol use disorder (AUD) but with

some alcohol exposure) and in 14 healthy subjects matched for age, gender, education, and lifetime exposure to alcohol. Standard

alcohol drinks in a scheduled design were administered to produce blood alcohol levels of 0, 0.02–0.04mg%, or 0.06–0.08mg%.

Schizophrenia symptoms, perceptual alterations, stimulant and depressant subjective effects of alcohol, and ‘high’ were measured before

alcohol administration and at several post-drug time points. Verbal learning and recall, vigilance and distractibility, and motor function

were assessed once per test day. Relative to healthy subjects, subjects with schizophrenia reported greater euphoria and stimulatory

effects in response to alcohol. Alcohol produced small transient increases in positive psychotic symptoms and perceptual alterations

without affecting negative symptoms. Alcohol also impaired several aspects of immediate and delayed recall, and vigilance, and

distractibility. Schizophrenia patients showed increased euphoric and stimulatory responses to alcohol. These exaggerated positive

responses to alcohol doses may contribute to the increased risk for AUDs associated with schizophrenia. The absence of ‘beneficial’

effects of alcohol does not support a self-medication hypothesis of alcohol use in schizophrenia.
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INTRODUCTION

There are higher rates of alcohol use disorders (AUD) in
schizophrenia than in the general population (Drake et al,
2000) and AUDs have a negative impact on the course and
outcome of schizophrenia (Drake et al, 1989, 1996; Cuffel
and Chase 1994). However, little is known about why there
is an elevated risk for AUDs in this population. The degree
of subjective response to alcohol is a substantial contributor
to the risk for problematic drinking. Individuals who
experience enhanced positive responses or reduced negative
responses to alcohol are at increased risk for subsequent
development of AUD (Schuckit et al, 1996; Erblich et al,
2001). Some reports suggest that schizophrenia patients use

alcohol to ‘self-medicate’ psychotic symptoms, subjective
distress, insomnia, social anxiety, or medication side effects,
whereas other studies suggest that subjects with schizo-
phrenia use alcohol for its stimulatory or euphoric effects
(Noordsy et al, 1991; Chambers et al, 2001; Green, 2005).
This study was undertaken to (1) characterize the dose-
related effects of alcohol in schizophrenia patients and (2)
to compare responses to alcohol in patients and healthy
subjects, in order to find explanations for the elevated rates
of AUDs in schizophrenia. Alcohol was hypothesized to
produce euphoric and anxiolytic effects and to alleviate
some symptoms and medication side effects associated with
schizophrenia.

METHODS

The study was conducted at the Neurobiological Studies
Unit (VA Connecticut Healthcare System, West Haven, CT)
with the approval of the Institutional Review Boards of Yale
University School of Medicine and VA Connecticut
Healthcare System and in accordance with the Helsinki
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Declaration of 1975. The study was a double-blind, placebo-
controlled comparison of the effects of varying blood
alcohol levels (BALs) in subjects with schizophrenia versus
healthy control subjects. Subjects were recruited by adver-
tisements and by word of mouth and were paid for their
participation at $100 per test day.

Consent Process

Subjects were cautioned that the study (1) was not a
treatment, (2) was not intended to improve schizophrenia
symptoms, (3) carried the possible risk of symptoms
worsening, relapse, and hospitalization, and (4) was not a
sanction to use alcohol. Subjects were required to pass a
questionnaire about the study risks and benefits. Collaterals
were involved in the consent process, inclusion was
contingent on the clinician’s approval, and an ombuds-
person (clinician) was appointed to serve subjects.

Subjects and Screening

Stable, medication-adherent, schizophrenia, and schizo-
affective disorder subjects 18–65 years without any previous
AUD were compared to age, sex, and education-matched
healthy control subjects. Subjects with a remitted AUD,
were excluded out of concern that study participation might
increase the risk of relapse. This study of subjects with
schizophrenia but without an AUD was a prelude to
studying subjects with an AUD. Patients deemed unstable,
as defined by recent (3 months) or current hospitalization,
or recent (3 months) homicidality, suicidality, or grave
disability, were excluded. Subjects with a lifetime diagnosis
of substance dependence, other than nicotine, and current
treatment drugs that could interfere with alcohol effects
(eg, benzodiazepines and anticonvulsants) were excluded
from the study. Alcohol-naı̈ve individuals were excluded
for ethical reasons.

Screening. All subjects received a medical evaluation
including medical history and physical examination,
laboratory tests (hematology, serum chemistry profile, liver
and thyroid studies, urinalysis, urine toxicology, VDRL,
urine pregnancy test (for females), and EKG. Diagnosis was
confirmed by interview with a research psychiatrist, a
structured psychiatric interview for DSM-III-RP (Spitzer
et al, 1990), chart review and by contact with an informant
and primary clinician. Alcohol consumption history over
the preceding 3 months was determined using a validated
calendar completion technique (Sobell et al, 1992). In
schizophrenia patients, alcohol use data was further
determined by chart review, breathalyzer, clinician inter-
view, and laboratory biomarkers suggestive of alcohol use
(mean corpuscular volume and liver enzymes). Healthy
subjects underwent a Structured Clinical Interview for
DSM-IIIR-NP (non-patient version) (Spitzer et al, 1990) and
clinical interview by a research psychiatrist.

General Study Design

Subjects completed 3 test days separated by at least 3 days
in a randomized, counterbalanced order within a 2-week
period. Subjects received high (0.8 g/kg), low (0.4 g/kg body

weight), and placebo dose alcohol per oral to reach peak
BAL of 0.06–0.08, 0.02–0.04%, and 0, respectively. These
methods were in compliance with the National Advisory
Council on Alcohol Abuse and Alcoholism guidelines for
alcohol administration (Lawson et al, 1980). These BALs are
socially relevant and produce stimulant and sedative effects
in most social drinkers over the course of the blood alcohol
curve (Holdstock and de Wit, 1998). The relevant dose of
alcohol was mixed with ginger ale to make up 120 ml and
this mixture was divided into four 30 ml drinks. Subjects
received three drinks over 40 min (0, 20, and 40 min). All
subjects received a placebo drink at 60 min unless the target
BAL range had not been attained by that time point, in
which case an active booster drink was administered. A
research pharmacist not involved in data collection
monitored the BAL and made the decision to administer
the active or placebo booster dose without unblinding staff
involved in data collection. For the placebo condition, the
first drink was covered by a trace amount (5 ml) of alcohol
on the surface, to maintain the blind/placebo deception; the
latter was confirmed by post-experimental questionnaire
and ratings of subjective intoxication. Female subjects
received only 85% of the dose administered to male
subjects.

Schedule of test days. Subjects were instructed to fast
overnight and testing began in the morning (08:00).
Cigarette smoking was not permitted from the time the
intravenous lines were inserted until after the cognitive
testing was completed. The sequence of procedures is
described in Table 1.

Outcome measures. Alcohol levels were estimated both
indirectly by breathalyzer (IR-3000; Intoximeters Inc.) and
directly assayed from samples of venous blood using
enzymatic methods (Diagnostic Chemicals Ltd PE, Canada).
Positive and negative symptoms were measured using the
four-key positive symptom (conceptual disorganization,
hallucinatory behavior, suspiciousness, and unusual
thought content) and the three-key negative (blunted affect,
emotional withdrawal, and motor retardation) subscales of
the Brief Psychiatric Rating Scale (BPRS), respectively
(Overall and Gorham, 1962). Perceptual alterations were
measured using the eight clinician-rated items (0¼ not at
all, 4¼ extremely) of the Clinician Administered Dissocia-
tive Symptoms Scale (CADSS) (Bremner et al, 1998). The
state of euphoria described as ‘high’ was measured using a
Visual Analog Scale; subjects were asked to score the
perceived intensity of the feeling state (high) at that
moment on a 100 mm line (0¼ not at all, 100¼ extremely).
Effects associated with alcohol were captured using the
Biphasic Alcohol Effects Scale (BAES) a test that measures
the stimulatory (‘elated’, ‘energized’, ‘excited’, ‘stimulated’,
‘talkative’, ‘up’, and ‘vigorous’) and sedating (‘down,’ ‘heavy
head,’ ‘inactive’, ‘sedated’, ‘slow thoughts’, ‘sluggish’, and
‘difficulty concentrating’) effects of alcohol on a scale of 0
(not at all) to 10 (extremely) (Martin et al, 1993). As alcohol
was expected to interfere with self-report, well after the
effects of alcohol had worn off (¼ 170 min), subjects were
asked to report on peak effects experienced earlier in the
study (retrospective rating). Dyskinesia, akathisia, and
parkinsonism were also evaluated but data are not reported
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because of the low rates of these side effects in this
sample.

Learning and recall were measured using the Hopkins
Verbal Learning Test (HVLT) (Brandt et al, 1992). The test

consists of three consecutive trials of immediate free recall
of a 12-item, semantically categorized list, followed 30 min
later by testing of delayed free recall, cued recall, and
recognition recall. Different but equivalent versions of the
test were administered on the 3 test days. Vigilance and
distractibility to visual stimuli were measured using a
continuous performance task (Gordon, 1986) in which
subjects attended to numbers presented sequentially on a
screen. The subject pushed a button to signal when a ‘9’ was
preceded by a ‘1’. The distractibility task was identical to the
vigilance task with the exception that numbers were
presented sequentially in three contiguous columns. Sub-
jects were instructed to attend to the middle column and
ignore the outer two columns.

The same research assistant rated all 3 test days for each
subject, and schizophrenia patients and healthy subjects
were rated by the same pool of raters. Monthly inter-rater
reliability sessions were conducted and intraclass correla-
tions for the BPRS and CADSS were consistently greater
than 0.85.

At the end of each test day, before discharge subjects had
to pass a field sobriety test.

The study was amended to include prospective assess-
ments (chart review and telephone or in person interview)
at 1, 3, and 6 months after the last test session to detect the
emergence of any new medical or psychiatric symptoms and
any changes in the course of schizophrenia.

Statistical Analysis

All analyses were performed in SAS version 9.2 (SAS
Institute, Cary, North Carolina). The change from baseline
data was assessed for normality before analysis according to
normal probability plots and Kolmogorov–Smirnov test
statistics. All data from subjects who initiated the study,
including dropouts, was analyzed. The distributions of the
behavioral data were skewed in both groups. The change
from baseline scores were approximately normally distrib-
uted in the patient group, but were still skewed in the
healthy subjects. Therefore, parametric mixed model was
applied in the analysis of change from baseline scores in the
patient group and a non-parametric model was used in both
the analysis of change from baseline scores in the healthy
control and in the comparison between healthy subjects and
patients. The effects of alcohol on control subjects are
reported only in the context of group comparisons with
schizophrenia patients. For parsimony retrospective data
are reported only when they conflict with data collected at
the + 30 time point.

BPRS, CADSS, VAS, and BAES data were analyzed using
SAS PROC MIXED according to mixed-effects models with
dose, time, and dose by time interaction as fixed effects and
structured variance–covariance pattern matrix. The best-
fitting variance–covariance matrix according to the Akaike
Information Criterion was selected. When a significant dose
by time interaction was observed, follow-up pairwise
comparisons were performed between the least squares
means at the three doses at relevant time points.

A non-parametric approach (Brunner and Langer, 2002)
with group as a between-subjects factor was used to analyze
differences between subjects with schizophrenia and healthy
subjects. For all repeatedly measured outcomes within a test

Table 1 Schedule of Procedures

Time (min) Procedure

�60 Placement of intravenous lines

Light breakfast

�30 Vital signs

Blood alcohol level

Breathalyzer: estimated blood alcohol level (eBAL)

Behavioral assessments: BPRS, CADSS, BAES, and VAS ‘high’

Motor assessments: parkinsonism (SAS), akathisia (BAS),
dyskinesia (AIMS)

0 Drink No. 1 (alcohol or placebo)

+20 Breathalyzer: eBAL

Drink No. 2 (alcohol or placebo)

+30 Vital signs

Behavioral assessments: BPRS and VAS ‘high’

+40 Breathalyzer: eBAL

Blood alcohol level

Drink No. 3 (alcohol or placebo)

+60 Vital signs

Blood alcohol level

Breathalyzer: eBAL

Drink No. 4 (active alcohol only if BAL not reached )

Behavioral assessments: BPRS, CADSS, BAES, and VAS ‘high’

Cognitive assessments: Continuous Performance Test,
Hopkins Verbal Learning Test

+120 Blood alcohol level

+150 Motor assessments: parkinsonism (SAS), akathisia (BAS),
dyskinesia (AIMS)

+170 Breathalyzer: eBAL

Vital signs

Retrospective Behavioral assessments: BPRS, CADSS, and
VAS ‘high’

+210 Breathalyzer: eBAL

Vital signs

Behavioral assessments: BPRS, CADSS, BAES, and VAS ‘high’

+270 Vital signs

Blood alcohol level

Behavioral assessments: BPRS, CADSS, BAES, and VAS ‘high’

End of the day Vital signs

Field sobriety test

Mini-Mental State Examination

Physician evaluation

Last day Exit interview

Months 1, 3, 6 Assessment of alcohol use, desire and craving

Assessment for emergence of new psychiatric or medical
problems

BPRS¼ Brief Psychiatric Rating Scale; CADSS¼Clinician-Administered
Dissociative Symptoms Scale; BAES¼ Biphasic Alcohol Effects Scale;
VAS¼Visual Analog Scale; AIMS¼Abnormal Involuntary Movements Scale;
BAS¼ Barnes Akathisia Scale; SAS¼ Simpson Angus Scale; eBAL¼ Estimated
Blood Alcohol Level.
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day (eg, PANSS, CADSS, and VAS) the %F1_LD_F2 SAS
macro was used, and dose and time were included as
within-subject factors. For all outcomes measured only once
per test day (recall, distractibility, and vigilance) the
%F1_LD_F1 macro was used, and dose was included as a
within-subject factor. Relative effects plots were used to
interpret significant interactions and main effects. The
overall a level for each hypothesis was fixed at the 0.05 level.
When the dose effect was significant, follow-up pairwise
comparisons between doses at relevant time points were
performed. Secondary behavioral, cognitive and motor data
were analyzed similar to primary outcome data. Given the
potential impact of atypical antipsychotics on substance
abuse in schizophrenia (Green et al, 2003), we also
conducted post hoc analyses to determine whether there
were any differences in responses to alcohol between
patients treated with typical versus atypical antipsychotics.

Results

Schizophrenia patients were comparable in age (t¼ 1.6,
df¼ 37, po0.13), gender, education, lifetime alcohol
exposure, and last exposure to alcohol to healthy subjects,
but were heavier (t¼ 1.34, df¼ 29, po0.05), more likely to
be smokers and were all receiving stable doses of
antipsychotic medications (Table 2). There were no obvious
differences between dropouts and completers. The reasons
for dropout included scheduling conflicts (n¼ 1), and
withdrawal of consent (n¼ 3). As the effects of alcohol in
healthy humans are well known, for parsimony, only the
effects of alcohol in schizophrenia patients are reported.

BAL

BALs estimated by breathalyzer and confirmed in venous
samples demonstrated that subjects had reached targeted
levels (0, 0.02–0.04, and 0.06–0.08%), without any differences
between healthy subjects and subjects with schizophrenia.

Behavioral Measures

‘High’. Alcohol increased self-reported ‘high’ measured by
the Visual Analog Scale in schizophrenia patients in a dose-
related manner (Figure 1); the dose (F2,216¼ 20.61,
po0.0001), time (F3,216 ¼ 21.66, po0.0001) and dose by
time (F6,216¼ 5.31, po0.0001) effects were all significant.

Group comparison. Although there were no baseline group
differences, schizophrenia patients reported greater and
longer lasting dose-related increases in alcohol induced
‘high’ relative to healthy subjects (group by dose: Anova
Type Statistic (ATS) (1.73)¼ 4.8, p¼ 0.012; group by time:
ATS(2.46)¼ 17.60, po0.0001). However, the interaction of
group by dose by time was not significant
(ATS(4.84)¼ 1.29, p¼ 0.26). Consistent with the real time
data, the retrospective assessment of alcohol induced ‘high’
also showed greater effects in schizophrenia patients
(ATS(1)¼ 4.51, p¼ 0.034).

Positive symptoms. Although BPRS four-key positive
symptom subscale scores decreased over time (time effect:
F3,57.8 ¼ 4.94, p¼ 0.004), alcohol had no significant dose

(F2,41.8¼ 0.16, p¼ 0.85) and dose by time interactive
(F6,75.6¼ 1.19, p¼ 0.32) effects in schizophrenia patients
(Figure 2). However, alcohol trended to increase retro-
spectively assessed positive symptoms (dose effect:
F2,29.9 ¼ 2.57, p¼ 0.09), with the high dose increasing BPRS
four-key positive symptom subscale scores by 1.5(70.52)
points.

Table 2 Demographics

Schizophrenia Healthy

No. of eligible
subjects

30 16

No. who initiated 23 14

No. who completed
all 3 test days

19 11

No. dropouts (test of condition that was not done)

After 1 test day 1 after low dose 1 after high dose
and 2 after placebo

After 2 test days 1 each after low and
high doses, low and
placebo doses, and
placebo and high
doses

0

Gender 17 males, six females 11 males, three females

Age (SD) years

All 46.1 (77.5) 41.3 (711.6)

Education (SD) years

All 13.5 (71.7) 15.1 (72.5)

Smoking status 16 2

Weight

All 190.5 (718.3) 178.1 (731.2)

Males 190.6 (715.3) 184.6 (726.7)

Females 190.0 (728.2) 163.6 (738.4)

Years of illness 1978

Symptomatology
(BPRS total score)

34.9870.12 19.7571.75

Antipsychotic medications

Haloperidol 1

Haloperidol
decanoate

4

Fluphenazine 3

Fluphenazine
decanoate

1

Thiothixene 2

Risperidone 3

Olanzapine 6

Clozapine 1

Quetiapine 1

Perphenazine 2
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Group comparison. Schizophrenia patients had greater
positive symptoms than controls at baseline (ATS(1)¼
123.8, p¼ 0.0001), none of the group interactive effects
(group by time, or group by dose by time) were signi-
ficant.

Negative symptoms. Alcohol had no significant dose effects
(F2,36.6¼ 0.96, p¼ 0.39) or dose� time (F6,75.7 ¼ 1.67,
p¼ 0.14) interactive effects on BPRS three-key negative
symptom subscale scores in schizophrenia patients. How-
ever, negative symptoms did decrease over time (time effect:
F3,57.9 ¼ 7.79, p¼ 0.0002).

Group comparison. Schizophrenia patients had greater
negative symptoms than controls at baseline (ATS(1)¼
19.247, p¼ 0.00001), none of the group interactive effects
(group by time, or group by dose by time) were significant.

Clinician-rated perceptual alterations. Alcohol transiently
increased scores of the CADSS clinician-rated subscale in
schizophrenia patients; the dose by time interaction
(F4,93.8¼ 2.60, p¼ 0.04) and time effects (F2,85.4¼ 12.27,
po0.0001) were statistically significant, but the dose effect
was not (F2,61.4 ¼ 1.92, p¼ 0.15) (Figure 2). High dose
alcohol induced a two-point increase in clinician-rated
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CADSS scores at the + 60 time point. Subjects were rated as
being ‘spaced out,’ seeming separated or detached from the
test environment, having said or done something bizarre, or
needing redirection.

Schizophrenia patients had greater perceptual alterations
at baseline (ATS(1)¼ 12.02, p¼ 0.0005). Further, there was
a significant group by time interaction (ATS(1.75)¼ 5.89,
p¼ 0.004), but none of the other group interactions (group
by dose, or group by dose by time) were significant.

Stimulatory effects of alcohol. Alcohol trended to increase
stimulatory effects in schizophrenia patients (dose:
F2,151 ¼ 2.87, p¼ 0.06 and time effect: F2,151 ¼ 2.65,
p¼ 0.07), but the dose by time interaction (F4,151 ¼ 1.14,
p¼ 0.34) was not significant (Figure 3).

Group comparisons. Although there were no baseline group
differences, there were significant group (ATS(1)¼ 3.96,
p¼ 0.047) and group by dose (ATS(1.28)¼ 5.63, p¼ 0.01)
effects such that alcohol had greater effects in schizophrenia
patients relative to healthy subjects. However, none of the
other group interactive effects (group by time, or group by
dose by time) were significant.

Depressant effects of alcohol. Surprisingly, alcohol did not
increase BAES descending limb scores significantly in
schizophrenia patients (F2,148¼ 1.52, p¼ 0.2227). However,
there was a significant time effect (F2,148¼ 16.83, po0.0001)
and dose by time interactions that trended towards
significance (F4,148 ¼ 2.30, p¼ 0.06) (Figure 4).

Group comparisons. There were no baseline group
differences and none of the group interactive effects (group
by time, or group by dose by time) were significant.

Immediate recall. Alcohol impaired immediate recall in a
dose-dependent manner with a trend towards significance
(dose: F2,38.8¼ 2.65, p¼ 0.08) in schizophrenia patients

(Figure 5). Patients recalled more words with successive
trials (F2,58¼ 67.83, po0.0001) and alcohol did not appear
to impair learning (dose by trial interaction: F4,68.8¼ 1.35,
p¼ 0.2615).

Group differences. Although schizophrenia patients per-
formed worse than controls (ATS(1)¼ 17.71, p¼ 0.00003),
none of the group interactions were significant in the
models comparing groups over trials.

Delayed recall. Alcohol significantly impaired delayed free
recall in schizophrenia patients in a dose-dependent
manner (dose: F2,38.4¼ 9.14, p¼ 0.0006) with significant
differences between low and placebo dose (F1,37.4¼ 7.56,
p¼ 0.009) and high and placebo dose (F1,38.6 ¼ 17.65,
p¼ 0.0002) (Figure 5). Although there were significant
group differences in baseline delayed recall (ATS(1)¼ 15.8,
p¼ 0.00007) the group by dose interaction was not
significant.

Vigilance. Alcohol increased the number of omissions
(F2,29.9¼ 3.75, p¼ 0.035) and this effect was related to
differences between the high and low doses (F1,30.4¼ 5.24,
p¼ 0.029), and the high and placebo doses (F1,29.6¼ 6.13,
p¼ 0.019). Although subjects with schizophrenia performed
worse on this task than controls (group: ATS(1)¼ 8.47,
p¼ 0.003), there were no significant group by dose
interactive effects. Alcohol had no effect on the number of
commissions (F2,23.7¼ 1.42, p¼ 0.26) and there were no
significant group differences.

Distractibility. Alcohol trended towards increasing the
number of omissions (F2,25.3¼ 2.78, p¼ 0.08) but not
commissions (F2,23.7¼ 1.39, p¼ 0.27). Although subjects
with schizophrenia had both more omissions (ATS(1)¼
17.284, p¼ 0.00003) and commissions (ATS(1)¼ 6.86,
p¼ 0.008) relative to controls, there were no significant
interactive effects of group and dose on either measure.
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from 0 to 70. High dose¼ BAL of 0.06–0.08%, low dose¼ BAL of 0.02–0.04%, and placebo¼ trace. Group by dose (ATS(1.28)¼ 5.63, p¼ 0.01).
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Contrasts between Typical and Atypical Antipsychotics

There were no differences between patients treated with
typical versus atypical antipsychotic for the effects of
alcohol on any of the outcomes presented.

Extrapyramidal Symptoms

There were very low baseline rates of akathisia, dyskinesia,
and parkinsonism and no significant effects of alcohol on
any of the measures of motor function.

Safety

There were no serious adverse events associated with
this study. One subject vomited on the second test day
(0.06–0.08% BAL) and did not complete the third test
day (0.02–0.04% BAL) owing to nausea. Another subject
did not complete the third test day because research
staff were unable to gain intravenous access. There were no
data suggesting a negative impact of study participation
on the course of illness or on alcohol use at 1, 3, and
6 months.
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DISCUSSION

To our knowledge, this is the first report characterizing the
dose-related effects of alcohol on the symptoms and
medication side effects in schizophrenia patients, and
comparing the effects of alcohol between schizophrenia
patients and healthy subjects. Relative to healthy subjects,
subjects with schizophrenia reported greater euphoria and
stimulatory effects in response to alcohol. Alcohol produced
small transient increases in positive psychotic symptoms
and perceptual alterations without affecting negative
symptoms. Alcohol also impaired several aspects of
immediate and delayed recall, as well as vigilance, and
distractibility. Further, the effects of alcohol on any of the
measures was not influenced by whether subjects were
receiving typical or atypical antipsychotics.

The results of this study do not support the ‘self-
medication’ hypothesis of alcohol and substance use in
schizophrenia (Khantzian, 1997); alcohol did not reduce any
of the core symptoms of the illness similar to a related
laboratory study with delta-9-tetrahydrocannabinol
(D’Souza et al, 2005). However, this study excluded
alcohol-abusing subjects who may arguably derive ‘bene-
fit/s’ from alcohol. The latter are the focus of an ongoing
parallel study at our center. Further, perhaps the modest
levels of symptoms and motor side effects in this sample
may have biased against the detection of any symptom
reductions. Finally, the laboratory environment and the fact
that subjects did not have control over the titration of
alcohol may not reflect recreational alcohol use.

The enhanced sensitivity to the euphoric and stimulatory
effects of alcohol in antipsychotic-treated schizophrenia
patients cannot be explained by pharmacokinetics, and/or
the capacity to accurately self-report feeling states. Further,
the enhanced group sensitivity was specific to some but not
all alcohol induced effects, and specific to alcohol and not
other substances, for example, 9-THC, administered to a
similar sample (D’Souza et al, 2005).

It is unlikely that group differences in smoking status
account for the group differences in response to alcohol, as
compared to non-smokers and former smokers, smokers
have a diminished response to alcohol challenge (Madden
et al, 1995, 2000). Further, smoking was prohibited during
a significant portion of the study and as the groups were
not matched for smoking, the contribution of nicotine
withdrawal to the group differences remains a possibility.
However, the absence of any increase in anxiety, a
common symptom of nicotine withdrawal, over time on
the placebo test day in individuals with schizophrenia,
suggests that these subjects were not in a state of nicotine
withdrawal.

The reasons for increased euphoric and stimulatory
responses to alcohol observed in schizophrenia patients
may be related to schizophrenia and/or treatment with
antipsychotic drugs. Brain reward circuitry dysfunction in
schizophrenia (Chambers et al, 2001; Green, 2005) may
explain the increased sensitivity to alcohol. The known
effects of dopamine (DA) D2 receptor antagonists on
reward mechanisms would predict blunted rather than
enhanced euphoria in antipsychotic-treated subjects with
schizophrenia. Alcohol effects on DA, gamma-aminobutyric
acid (GABA), N-methyl-D-Aspartate (NMDA), and seroto-

nin receptor function play a significant role in its acute
intoxicating effects reviewed in Krystal and Tabakoff (2002).
Disturbances in GABA, DA, and NMDA receptor function,
which have been implicated in schizophrenia (Laruelle et al,
1995; Benes and Berretta, 2001; Krystal et al, 2003), may
influence the response of this population to alcohol.

Individuals at high risk for alcoholism are more sensitive
to the stimulating effects of alcohol and less sensitive to its
sedative effects reviewed by Newlin and Thomson (1990)
and similarly, alcohol is more likely to be consumed if it is
experienced as strongly rewarding and/or if it causes few
negative effects (de Wit et al, 1987; Chutuape and de Wit,
1994; Duka et al, 1998). Therefore, if individuals with
schizophrenia experience alcohol as being more euphoric
and stimulating, as our findings show, this might predis-
pose them to use, misuse, or abuse alcohol. However, other
factors must be involved in the development of AUDs as
despite altered sensitivity to alcohol effects, the individuals
in this sample did not go on to develop AUDs. Further work
is warranted to investigate the basis of the altered alcohol
sensitivity in schizophrenia and how it might contribute to
the development of AUDs in schizophrenia.
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