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Background: Topiramate was recently reported to be efficacious in reducing drinking rates and
craving among individuals with alcohol dependence in a randomized controlled trial, but dose
effects could not be determined. This laboratory study systematically examined the dose-depen-
dent effects of topiramate on cue-elicited craving and other putative mechanisms of its pharmaco-
therapeutic effects on drinking.

Methods: Male and female heavy drinkers (n = 61) were randomized to 1 of 3 medication
conditions (200 mg ⁄ d; 300 mg ⁄ d; placebo) in a double-blind study. Participants reached the target
dose after a 32-day titration period, then were stabilized for approximately 1 week. All then par-
ticipated in a laboratory assessment of alcohol cue reactivity and of the subjective effects of a
moderate dose of alcohol.

Results: Both doses of topiramate reduced the frequency of heavy drinking during the titration
period as compared to placebo. However, topiramate did not affect self-reported craving for alco-
hol during the titration period, during the cue reactivity protocol, or in response to the alcohol
challenge procedure. Topiramate reduced the stimulating effects of alcohol ingestion compared to
placebo, but only in the 200 mg group.

Conclusions: The results of this study support previous findings that topiramate reduces drink-
ing, but the behavioral mechanism underlying this effect does not appear to be attenuation of
craving for alcohol as measured using the approaches employed in this study. Rather, the results
tentatively suggest that topiramate may exert its beneficial effects by altering the subjective experi-
ences of alcohol consumption. Limitations of the current study are discussed and complementary
methods are recommended for future studies, such as the use of behavioral economic paradigms
and ecological momentary assessment.
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T OPIRAMATE IS AN anticonvulsant medication that
was recently identified as a potentially efficacious treat-

ment for alcohol dependence based primarily on results of 1
double-blind randomized clinical trial (Johnson et al., 2003).
In this 12-week study, individuals with alcohol dependence
who received topiramate in doses titrated up to 300 mg ⁄day
reported reductions in their quantity and frequency of alcohol
consumption, with large magnitude effect size differences
compared to placebo. In addition, results of 2 open-label tri-
als found similarly positive results on alcohol use after treat-
ment with topiramate (250 to 300 mg ⁄d; Rubio et al., 2004;
Raguraman et al., 2005). Although the efficacy cannot be

determined from open-label studies, these latter reports pro-
vide further support for the tolerability and safety of topira-
mate for treating alcoholism.
Despite considerable interest in topiramate as a promising

pharmacotherapy for alcohol dependence, the mechanisms by
which this medication reduces drinking are not well character-
ized. Pharmacotherapeutic strategies for treating alcoholism
generally aim at reducing withdrawal symptoms, reducing
craving or urge to drink, attenuating the pleasurable effects of
alcohol ingestion, and intensifying the unpleasant effects of
alcohol ingestion (Davidson et al., 1999). Identifying the
mechanisms by which different pharmacological agents
impact drinking would allow for more targeted use of medica-
tions and expand our understanding of the underlying neuro-
biology of alcoholism. Moreover, different medications may
reduce drinking through different mechanisms. Understand-
ing how particular medications affect drinking would suggest
which types and combinations of medications may be most
beneficial for treating alcohol use disorders.
It has been hypothesized that topiramate reduces alcohol

intake by attenuating alcohol craving and motivation to drink
(Johnson et al., 2003, 2004). This hypothesis is based largely
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on the medication’s neuropharmacological actions, which
include facilitation of gamma aminobutyric acid (GABA)
neurotransmission and blockade of AMPA ⁄kainite glutamate
receptors. Acute dopamine release from mesocorticolimbic
neurons plays a critical role in determining the motivational
significance of stimuli in general (see Hyman and Malenka,
2001) and in alcohol reward (e.g., Dodd et al., 2000; Weiss
et al., 1993; Weiss & Porrino, 2002). According to Johnson
et al. (2003), because mesocorticolimbic DA release is under
tonic inhibitory control via GABAergic neurons and excit-
atory control via glutamatergic neurons, topiramate’s concur-
rent GABAergic agonism and glutamatergic antagonism may
inhibit acute motivation for alcohol (i.e., craving). The one
published placebo-controlled clinical trial of topiramate’s
effects on drinking reported that topiramate reduced urge to
drink and this attenuation of craving was significantly corre-
lated with decreased alcohol use (Johnson et al., 2003).
Although the report from Johnson et al. (2003) provides

provisional support for the hypothesis that topiramate
reduces alcohol use by attenuating craving, no controlled lab-
oratory study has systematically tested this hypothesis. Fur-
thermore, other putative mechanisms of topiramate’s actions,
such as alterations in the subjective reinforcing effects of alco-
hol, have not been examined. In the Johnson et al. (2003)
study of topiramate’s effects, it is unclear whether topiramate
first reduced craving which in turn reduced drinking, or
whether topiramate affected another aspect of alcohol use
which reduced drinking and these changes subsequently atten-
uated desire for alcohol.
The primary objective of the present study was to systemat-

ically examine the effects of topiramate on several putative
mechanisms of pharmacotherapy action using 2 well-estab-
lished human laboratory paradigms, one that focused on
alcohol craving and one that examined subjective responses
to alcohol. The cue reactivity paradigm was developed to
examine urge to drink in response to alcohol-associated stim-
uli in a controlled setting, as exposure to alcohol cues can sim-
ulate a high-risk situation for alcohol use. Indeed, the cue
reactivity paradigm has demonstrated substantial utility in
eliciting urge to drink (e.g., Monti et al., 1987; for a review,
see Carter and Tiffany, 1999) and reactivity to alcohol cues
has been shown to predict treatment outcome (Monti et al.,
2000). Similarly, an important advantage of the alcohol
administration paradigm is that it allows for the assessment
of a medication’s action on the subjective effects of alcohol
ingestion under carefully controlled alcohol administration
conditions. Furthermore, by assessing effects in close proxim-
ity to drinking, bias because of memory decay involved in ret-
rospective reporting is prevented.
In the present study, participants were randomly assigned

to receive 1 of 3 targeted medication conditions (200 mg ⁄d,
300 mg ⁄d, or placebo). We tested the dose-dependent effects
of topiramate because Johnson et al. (2003) found that signifi-
cant reductions in drinking emerged while participants were
at the 200 mg ⁄day dose, however, doses continued to escalate.
As such, the effects of time and dose on drinking were con-

founded in that study and the potential efficacy of doses stabi-
lized at lower than 300 mg ⁄day remains unclear. In the
present study, medication was titrated over a 32-day period to
1 of 2 stable target doses or placebo. After dose stabilization,
participants completed a laboratory session that involved in
vivo exposure to alcohol beverage cues followed by alcohol
administration procedures. We examined the dose-dependent
effects of topiramate on: (i) alcohol use and craving during
the titration period; (ii) craving in response to alcohol cue
exposure in the laboratory; and (iii) craving and other subjec-
tive responses to alcohol administration in the laboratory.
Based on previous findings, it was hypothesized that topira-
mate would reduce alcohol use and craving during the titra-
tion period, and attenuate urge to drink in response to
alcohol cues in the laboratory. Although no previous labora-
tory studies have been conducted on topiramate and alcohol
consumption, we explored its effects on the stimulant and sed-
ative effects of alcohol, since these should be related to the
reinforcement value of drinking (Swift et al., 1994).

MATERIALS AND METHODS

Participants

To be eligible for the study, participants needed to be between 21
and 65 years of age, consume 18 to 60 standard alcoholic drinks ⁄
week during the 90 days prior to enrollment, if male (14 to 53
drinks ⁄week, if female), to score <14 on the Beck Depression Inven-
tory-II (Beck et al., 1996), and, for purposes of the alcohol challenge,
to like beer. Potential participants were excluded if they had recent
treatment or expressed interest in current treatment for alcoholism, if
they had medical contraindications to study participation, if they
used medications that could affect mood or drinking, or if they were
living with someone who was enrolled in the study.
Of 78 individuals enrolled in the study and sequentially random-

ized into medication condition, 14 voluntarily withdrew from the
study for various reasons, including side effects (n = 6), misgivings
about participating in a medication trial (n = 2), or miscellaneous
personal reasons (e.g., relocation; n = 6). Three additional partici-
pants in the 300 mg group who completed the study were determined
to have zero topiramate levels by serum assay. These participants
were considered to be noncompliant and their data were excluded
from analyses, leaving the final sample at 61 participants (PLA
n = 20, 200 mg n = 20, 300 mg n = 21).
Participants were typically white (89%), with smaller proportions

of minority participants (5% African-American, 2% Native Ameri-
can, 5% biracial); ethnically, participants were 90% non-Hispanic.
The percentage with current alcohol use disorders was not signifi-
cantly different across conditions: overall, 14% met criteria for alco-
hol abuse and 46% met criteria for dependence according to the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edi-
tion, Text Revision (DSM-IV-TR; American Psychiatric Association,
2000). 1 participant met criteria for current marijuana dependence,
but no other current substance use disorders were present. Diagnostic
interviews were conducted by a trained doctoral level psychologist
using the Structured Clinical Interview for DSM-IV (First et al.,
1995). Other axis I psychopathology was not assessed.

Medication and Compliance

Participants underwent a 32-day titration period, followed by up
to 7 days at target dose (see Table 1) during which time the labora-
tory session took place. The 7-day window permitted some flexibility
in scheduling the laboratory session. Modal duration at target dose
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at the time of the laboratory session was 4 days. Immediately follow-
ing the laboratory session, participants underwent a 7-day dose
reduction period (see Table 2) for safety reasons. The placebo cap-
sules were compounded by the same pharmacy and were identical in
all dimensions except the topiramate content. All medication was
compounded from bulk topiramate to our specifications. Specifically,
the amounts of topiramate as described were compounded with Avi-
cel filler, which is a nonlactose, pharmacologically inert, microcrystal-
line cellulose filler. Active and placebo capsules were identical in
appearance across all doses and conditions, and all participants were
instructed to take 2 capsules daily, 1 in the morning and 1 in the
evening. The capsules were individually labeled by dose (e.g., Day 4,
Morning) and individually sealed in plastic wrappers.
Medication compliance was assessed using 2 methods. Electronic

medication bottle caps [Medication Event Monitoring System
(MEMS); Aardex Inc., Geneva, Switzerland] prompted participants
to take capsules and recorded the date ⁄ time that the medication bot-
tles were opened. In addition, blood samples were taken during week
3 and at the laboratory session and analyzed for plasma levels of
topiramate.

Weekly Assessments

Alcohol use prior to and during the study was assessed using the
Timeline Follow Back (Sobell et al., 1979), with heavy drinking days
defined as 6 ⁄4 standard drinks in a day for males ⁄ females (Flannery
et al., 2002). Craving on average over days during the titration period
was assessed using 2 measures, the Drinking Obsessions subscale of

the Obsessive Compulsive Drinking Scale (OCDS; Anton et al.,
1995; Bohn et al., 1996) and the Penn Alcohol Craving Scale (PACS;
Flannery et al., 1999), which explicitly assesses experiential craving.
The compulsive subscale of the OCDS was not used because its con-
tent is largely not craving-related. In addition, to allow direct com-
parisons with Johnson et al. (2003), the Automaticity of Drinking
and Interference due to Drinking subscales of the OCDS, as derived
by Bohn et al. (1996), were also used. During the titration period,
side effects were rated for severity (i.e., none, mild, moderate, and
severe) using an interview that assessed 38 specific side effects (John-
son et al., 2005; Levine and Schooler, 1986) and used open-ended
questions to assess any additional unexpected side effects.

Laboratory Assessments

The immediate state of craving was assessed using the Alcohol
Urge Questionnaire (AUQ; Bohn et al., 1995), an 8-item measure val-
idated for use in laboratory research (MacKillop, 2006). During the
cue reactivity procedure, the AUQ was complemented by the modi-
fied Alcohol Attention Scale (AAS), two 10-point Likert-type scales
assessing attention to the sight and smell of water and alcohol cues
(Rohsenow et al., 1992). These scales were modified by omitting an
item pertaining to thoughts about drinking. In addition, psychophys-
iological arousal was assessed via measures of mean arterial pressure
(MAP) and heart rate in beats per minute (BPM) using a Criticare�
Scholar II 507EP blood pressure monitor.
During the alcohol administration, breath alcohol (BrAC) was

assessed using an Intoximeters� Alco-Sensor IV breathalyzer. Stimu-
lation and sedation were assessed using the Biphasic Alcohol Effects
Scale (BAES; Martin et al., 1993). Craving was assessed using the
AUQ and affect was assessed using the Positive and Negative Affect
Schedule (PANAS; Watson et al., 1988).
The measures administered during the laboratory session are pre-

sented in Table 3.

Procedure

All procedures were approved by the Brown University Institu-
tional Review Board. Participants were recruited via advertisements
placed in the community. Potential participants underwent a tele-
phone screening and those who met initial criteria were invited to
attend an in-person screening interview that included a physical
examination and urine toxicology screen. Individuals who met crite-
ria provided written informed consent and received their first week of
medication. The instructional set was that the study was examining
the effects of 2 doses of topiramate on craving in response to alcohol
cues and while drinking modest doses of alcohol; no instructions
about potential effects on participants’ drinking in their daily life
were given. Subsequently, participants attended weekly sessions dur-
ing which they were assessed for alcohol use, craving, and side effects,
and were given their next 7-day supply of medication.
The individual laboratory session took place in the afternoon, typi-

cally starting at noon, and lasted approximately 5 hours. Participants

Table 1. 200 and 300 mg Topiramate Titration Schedules

Days

Dose

200 mg ⁄ d 300 mg ⁄ d

Escalation schedule
1–3 50 50
4–7 50 75
8–10 75 100
11–14 75 125
15–17 100 150
18–21 100 175
22–24 125 200
25–28 150 225
29–31 175 250
32–39 200 300

Reduction schedule
1–2 100 200
3–4 75 100
5–6 50 mg 50 mg
7 0 mg 0 mg

Table 2. Baseline Descriptive Statistics for the 3 Experimental Conditions
(total n = 61)

Variable
Placebo
(n = 20)

200 mg
(n = 20)

300 mg
(n = 21)

Sex (M ⁄ F) 60% ⁄ 40% 70% ⁄ 30% 62% ⁄ 38%
Alcohol use disorder 58% 58% 62%
Smoker 55% 40% 24%
Age 45.30 (12.56) 45.65 (12.36) 37. 76 (13.18)
Years of education 13.70 (3.94) 14.40 (2.48) 14.50 (2.27)
Drinks ⁄ week 29.12 (15.72) 31.17 (13.52) 25.55 (10.46)
% Drinking days 64.50% (19.39) 77.28% (25.32) 67.99% (21.83)
% Heavy
drinking days

40.11 (27.39) 48.83 (29.34) 35.87 (29.94)

Note: Percentage or mean (±SD) is provided, as appropriate.

Table 3. Laboratory Session Experiential and Psychophysiological
Measures

Procedure Measures

Cue reactivity paradigm Alcohol Urge Questionnaire (AUQ)
Alcohol Attention Scale (AAS)
MAP ⁄ BPM

Alcohol administration AUQ
Biphasic Alcohol Effects Scale (BAES)
Positive and Negative Affect Scales (PANAS)

Note: MAP ⁄ BPM = mean arterial pressure ⁄ beats per minute.
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were transported by taxi to the laboratory, where they completed
their weekly assessments, had blood drawn to determine topiramate
levels and alcohol breath testing to ensure recent abstinence. They
then underwent the cue reactivity and alcohol challenge protocols.
No participant had a positive breath alcohol level upon arrival. All
experimental manipulations took place in a sound-attenuated testing
room equipped with a one-way mirror to monitor participants’
behavior. The cue reactivity procedure was similar to that of previ-
ously published protocols (e.g., McGeary et al., 2006; Monti et al.,
1993). Participants were fitted with the blood pressure cuff on their
nondominant arm and habituated to the inflation cycle (approxi-
mately every 40 seconds) during an audio taped instruction period,
which included a demonstration of the procedures without a bever-
age. Trials were presented in the same order for all participants
because of known carryover effects (Monti et al., 1987).
Participants first underwent a 3-minute relaxation period (‘‘please

sit quietly and do nothing’’) to collect baseline levels of urge and
physiological arousal. Following relaxation, a research assistant
(RA) entered the room with a tray containing a glass half full of
water and a commercially labeled bottle of water, both covered by an
inverted pitcher. The pitcher was removed, the RA left the room,
and the audio tape instructed the participant to sniff the glass of
water when s ⁄he heard high tones and stop sniffing when s ⁄he heard
low tones. This protocol included thirteen 5-second olfactory expo-
sures during each 3-minute trial, with variable intervals between each
exposure. In this way, participants were exposed to visual, tactile,
olfactory, and proprioceptive stimuli associated with the beverage.
At the end of the trial, the participant completed an assessment
packet (described above in Laboratory Assessments), the RA
removed the tray, bottle, and glass, and another 3-minute relaxation
period began. Participants next underwent two 3-minute alcohol cue
exposure trials that were identical to the water trial except the glass
of water was replaced with their preferred alcohol beverage (Staiger
and White, 1991), and the bottle of water was replaced with the
appropriate commercially-labeled alcohol bottle. Two alcohol trials
were conducted to gain a stable estimate of participants’ reactions to
alcohol cues and because two exposures have proven sensitive to dif-
ferential effects in previous studies (e.g., Rohsenow et al., 2000). Con-
sistent with recommendations by Wertz and Sayette (2001),
participants were clearly informed they would receive alcohol to con-
sume following the cue exposure procedure.
After the conclusion of the cue reactivity procedure, participants

underwent an alcohol challenge (e.g., Drobes et al., 2004; King et al.,
1997; Swift et al., 1994). Individuals were given high-alcohol content
(7.2%) beer in a volume that was designed for them to reach a

blood-alcohol level of 0.06% based on a nomogram incorporating
their gender and weight (Rohsenow et al., 2006). Total alcohol
administered was .647 g ⁄kg for males and .548 g ⁄kg for females; this
was typically 2 to 3 16 oz. bottles of 7.2% alcohol beer. Participants
were asked to consume the alcohol over a 20-minute period, which
was followed by a 20-minute absorption period. Participants were
then assessed for BrAC after rinsing their mouths with water to elimi-
nate residual oral alcohol. At this time, the assessment packet was
administered to participants who were at a BrAC of 0.06 g % or
higher. For those who were still below 0.06 g %, BrAC was assessed
10 minutes later to allow further absorption. At that point, the
assessment packet was administered. Following the assessment, par-
ticipants were provided with a meal and were permitted to relax in
the laboratory until their BrAC had dropped to below 0.04 g %, at
which time they were provided with the dose reduction medication
and transported home in a taxi. All individuals were compensated
for their participation.

Data Analysis

All data were initially examined for distribution normality and out-
liers, and the psychophysiological data were examined for movement
artifacts. Potential differences on dependent variables between condi-
tions were examined using univariate analyses of variance (ANO-
VAs). Differences in side effects among the 3 groups were examined
using Kruskal–Wallis H-tests and significant effects were clarified
using follow-up chi-square tests. Consistent with Johnson et al.
(2003), effects of topiramate during the titration period were exam-
ined on a weekly basis and titration effects were examined using 3
(PLA, 200 mg, 300 mg) · 4 (weeks 1 to 4) analyses of covariance
(ANCOVAs), while covarying initial baseline values. Effects of topi-
ramate were examined for weeks 1 to 4 only, because after week 4
participants’ duration of enrollment varied, generating potentially
nonrepresentative data. Topiramate’s effects on alcohol cue reactivity
were examined using 3 (PLA, 200 mg, 300 mg) · 3 (Water cues,
Alcohol Cues 1, Alcohol Cues 2) mixed ANOVAs. Medication
effects on reactions to alcohol were examined using one-way
between-subjects analyses of covariance (ANCOVAs), while covary-
ing pre-administration values and BrAC. For all analyses, planned
follow-up pairwise comparisons and simple effects tests were con-
ducted to characterize significant main effects and interactions. All
analyses were conducted using SPSS 14.0 (SPSS, Inc., Chicago, IL,
USA), using partial eta-squared (gp

2) as an index of effect size, and a
significance criterion of p < 0.05. Multiple-test error-correction was
not employed because of the exploratory nature of this study.

RESULTS

Preliminary Analyses

Less than 1% of data were missing and no data were
imputed. All dependent variables were normally distributed,
without outliers. Movement artifacts were removed from the
MAP and BPM data. Univariate ANOVAs revealed no dif-
ferences between the conditions in terms of baseline values of
drinking quantity and frequency measures or of other depen-
dent variables. Of those participants who withdrew because
of side effects, 4 were in the 300 mg condition, 1 was in the
200 mg condition, and 1 was in the placebo condition. No
medication-related serious adverse events occurred.
According to MEMS data, all participants met the medica-

tion compliance criterion of taking 80% of their assigned
medication, with a mean compliance rate of 96.5%
(range = 82 to 100%) for the full duration of the study,

Table 4. Effects of Topiramate on Drinking and Craving During the Titration
Period

Variable

Topiramate Time
Topira-

mate · Time

F
(2, 57)a gp

2
F

(3, 171)
gp

2 F
(6, 171) gp

2

Alcohol use variables
Drinks ⁄ week 2.12 0.07 0.55 0.01 2.37* 0.08
% Drinking days 1.42 0.04 0.12 0.00 0.38 0.01
% Heavy drinking days 3.73* 0.12 1.98 0.03 3.21** 0.10

Craving and related variables
Drinking obsessions 0.36 0.01 1.45 0.03 1.67 0.06
Penn Alcohol Craving
Scale

1.06 0.04 0.36 0.01 1.46 0.05

Automaticity of drinking 0.06 0.00 0.09 0.00 1.20 0.04
Interference of drinking 0.48 0.02 2.53� 0.04 1.89� 0.06

aThe degrees of freedom for the Penn Alcohol Craving Scale are:
(2, 56), (3, 168), and (6, 168), respectively.

�p < 0.10, * p < 0.05, ** p < 0.01.
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including the decreasing titration period. Of 41 participants
randomized to active drug, 32 were verified as compliant by
serum assay; samples from the remaining 9 participants
hemolyzed in transit and were nonviable for analysis. The
300 mg group had significantly higher topiramate serum lev-
els compared to 200 mg [200 mg M = 4.45 mcg ⁄ml
(SD = 1.41) vs. 300 mg M = 6.98 mcg ⁄ml (SD = 2.16); F
(1, 23) = 12.55, p < 0.005, gp

2 = 0.35).
With respect to side effects once participants reached their

target dose, significant main effects of medication condition
were evident for dizziness (v2 [2, N = 60] = 7.00, p < 0.05),
difficulty concentrating (v2 [2, N = 60] = 10.71, p < 0.01),
and tingling in fingers and toes (v2 [2, N = 60] = 14.48,
p < 0.001), which is similar to findings of Johnson et al.
(2003). Dizziness was more frequent in the 300 mg group than
the 200 mg group (p < 0.05). Likewise, difficulty concentrat-
ing was more frequent in the 300 mg group compared to
PLA (p < 0.05). Tingling in fingers and toes was more fre-
quent in the both topiramate groups compared to PLA
(p < 0.05), but there was no difference between topiramate
doses on this effect. No other differences between groups in
side effects were present. At the conclusion of the study, no
differences were evident across conditions in terms of dizzi-
ness and difficulty concentrating (p > 0.20), although the 2
topiramate groups reported residual mild tingling in fingers
and toes significantly more than PLA (p < 0.05).

Effects of Topiramate During the Titration Period

The results of the 3 · 4 mixed ANCOVAs on the alcohol
use (TLFB) and craving (OCDS subscales) variables are pre-
sented in Table 4. There was a significant topiramate · time
interaction on drinks ⁄week such that topiramate reduced
drinking as dose increased (see Fig. 1). Follow-up simple
effects tests indicated no significant differences between medi-
cation conditions at weeks 1 and 2, but differences were sig-
nificant at weeks 3 and 4 (p < 0.05). At week 3, the 300 mg
group reported significantly fewer drinks ⁄week compared to
the other groups (p < 0.05), which did not significantly differ
from each other. At week 4, the 300 mg group reported signifi-
cantly fewer drinks ⁄week compared to PLA (p < 0.01), but
not to the 200 mg group, and PLA and 200 mg were not sig-
nificantly different from each other.
There was a significant main effect of topiramate and a sig-

nificant topiramate · time interaction on percent heavy
drinking days. Pairwise comparisons revealed that there was
significantly less heavy drinking days in the 300 mg
(M = 29.83%, SE = 3.76%) and 200 mg (M = 28.31%,
SE = 3.87%) topiramate groups compared to PLA
(M = 41.80%, SE = 3.83%; p < 0.05), but there was no
significant difference between active doses on this measure.
The interaction effect and simple effects tests revealed no dif-
ferences between groups at week 1, but significant differences
emerged in weeks 2 to 4 (Fig. 1). At week 2, percent heavy
drinking days for the 200 mg group were significantly lower
than for both the 300 mg and PLA groups (p < 0.05), which

were not significantly different from each other. At week 3,
there were fewer percent heavy drinking days in the 300 mg
group than the PLA group (p < 0.01) and a trend toward
fewer heavy drinking days in the 200 mg group compared to
the PLA group (p = 0.06), but the 2 medication groups were
not significantly different from each other. At week 4, both
medication groups reported fewer heavy drinking days than
the PLA group (ps < .05), but were nonsignificantly different
from each other.
With regard to craving during the titration period, no sig-

nificant main effects of medication or time were evident for
any of the craving variables (i.e., OCDS- Obsessions, OCDS-
Automaticity of Drinking, OCDS-Interference from Drink-
ing, and PACS), nor were there any interaction effects.

Effects of Topiramate on Reactions to Alcohol Cues

The 3 · 3 (medication condition · cue type) mixed ANO-
VA revealed a significant main effect of cue type on craving
(F [2, 116] = 25.26, p < 0.001, gp

2 = 0.30), but no effect of
medication condition (F [2, 58] = 0.04), and no medication
condition · cue type interaction (F [4, 116] = 0.89). The sig-
nificant main effect of cue type reflected the characteristic

Fig. 1. Effects of topiramate on alcohol use over the course of the titration
period for measures with significant interaction effects. Asterisks reflect fol-
low-up simple effects tests; *p < 0.05, **p < 0.01. Specific comparisons
between conditions at each time point are provided in the text.
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increase in craving during the alcohol cue exposure trials com-
pared to the water cue exposure trial (ps < 0.001), but no dif-
ferences were evident between the 2 alcohol exposure trials.
Similarly, a main effect for alcohol cues was found on the
AAS (F [2, 116] = 11.03, p < 0.001, gp

2 = 0.16), with sig-
nificantly greater attention paid to the alcohol cue exposure
trials compared to the water cues (p < 0.001), but no differ-
ence between the 2 alcohol cue exposure trials on the atten-
tion scale. No effect of medication or medication
condition · cue type interaction effect was evident for the
AAS (ps >0 .67). In terms of effects on psychophysiological
arousal, a significant main effect of alcohol cues on MAP was
present (F [2, 114] = 7.52, p < 0.001, gp

2 = 0.12), but no
main effect of medication (F [2, 57] = 2.22, p = 0.12) or
interaction effect (F [4, 114] = 1.83, p = 0.13) was observed.
The significant effect reflected greater MAP during the alco-
hol cue exposure trials compared to the water cue exposure
trial (ps < 0.005), but no difference between the 2 alcohol tri-
als. For BPM, neither main effects nor a medication interac-
tion were evident (ps > 0.12).

Effects of Topiramate on Reactions to Alcohol Ingestion

Participants’ BrAC following the absorption period at the
estimated peak wasM = 0.08 g% (SD = 0.01), with no sig-
nificant differences by gender or medication. Fifteen partici-
pants required 10 to 20 minutes of additional absorption
time. The ANCOVA revealed a significant medication effect
on postconsumption stimulation, F (2, 55) = 3.60, p < 0.05,
gp

2 = 0.12. Pairwise comparisons indicated that the 200 mg
group, but not the 300 mg group, reported significantly lower
stimulation compared to PLA (p = 0.01). No significant
effects of medication condition were evident on postconsump-
tion sedation (F (2, 55) = 2.21), urge to drink (F [2,
54] = 0.10), positive affect (F [2, 55] = 0.35), or negative
affect (F [2, 54] = 0.86).

DISCUSSION

The goals of this preliminary study were to clarify the
mechanisms of topiramate’s effects in reference to drinking
using several approaches. The results reveal a number of
findings that converge with previous clinical and preclinical
reports and several novel findings. Topiramate was gener-
ally well tolerated and significantly reduced drinking and
heavy drinking over the course of the medication titration
period, with results generally showing the strongest effect
as the dose increased. These results were consistent with
previous findings that topiramate treatment decreased
drinking among individuals with alcohol dependence
(Johnson et al., 2003; Raguraman et al., 2005; Rubio
et al., 2004). Similarly, in preclinical research, chronic
administration of topiramate to mice and rats has been
demonstrated to result in decreased ethanol consumption
and ethanol preference (Gabriel and Cunningham, 2005;
Knapp et al., 2004; Nguyen et al., 2004).

There are a number of specific aspects of topiramate’s
effects on drinking that were interesting in this study. Topira-
mate did not affect participants’ frequency of drinking, but
rather how much they drank during an episode, as reflected
by the largest effect being on percentage of heavy drinking
days, similar to the findings by Johnson et al. (2003). In addi-
tion, significant decreases were clearly evident in both medica-
tion groups by the third week of the study, suggesting that
doses of topiramate as low as 100 to 175 mg may be effective
in reducing heavy drinking. Interestingly, effects were evident
in the 200 mg group as early as the second week (75 mg),
however, this was not the case for the 300 mg group. It is
not clear why this discrepancy was observed, although it is
possible that either an unmeasured pharmacogenetic variable
associated with greater sensitivity to topiramate was dispro-
portionately present in the 200 mg group, or that the result is
a function of random variation. Both of these interpretations
must be speculative at this point.
Changes in drinking were not accompanied by changes

in weekly reports of craving for alcohol using validated
self-report measures. This finding is consistent with obser-
vations from the laboratory portion of the study. Expo-
sure to alcohol cues increased urge to drink and
psychophysiological reactions, indicating the validity of
the cue reactivity procedure. However, topiramate did not
affect the subjective or physiological responses to alcohol
cues. Similarly, during the alcohol administration proce-
dure, topiramate did not affect urge to drink alcohol
during a moderately intoxicated state (mean of 0.08 g%
BrAC). Thus, in contrast with Johnson et al. (2003), the
present findings do not suggest that topiramate exerts its
beneficial effects on drinking outcomes by attenuating
craving, at least not according to the measures and experi-
mental paradigms employed.
There are a number of possible reasons why these data

diverge from the previous study showing that topiramate
reduced craving (Johnson et al., 2003). One possibility, as
noted above, is that Johnson et al. (2003) combined data from
both abstinent and non-abstinent people at each time point,
confounding the craving measure. Also, it is unclear whether
topiramate may have initially reduced alcohol use via a vari-
able other than craving, and decreased drinking could have
subsequently resulted in reduced desire for alcohol. Further-
more, the previous clinical trials studied treatment-seeking
alcohol dependent individuals, who are clearly different from
our nontreatment-seeking heavy drinkers (of whom 60% met
criteria for an alcohol use disorder). Treatment-seeking indi-
viduals may be particularly motivated to experiencing reduc-
tions in their desire for alcohol and thus may be more
sensitive to the effects of medication on craving than individu-
als who are not seeking treatment. Alternatively, if
topiramate reduced drinking via an alternative mechanism,
participants may have attributed those reductions to
decreased desire. Although it is unclear which of these
possible factors played a role, if any, what is clear is that in
this study topiramate reduced drinking and did so in the
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absence of effects on craving in each of the approaches used,
suggesting alternative mechanisms of action.
Interestingly, suggestive findings were evident with regard

to the effect of topiramate on alcohol’s subjective effects.
Topiramate significantly reduced the stimulating effects of
alcohol ingestion, although this was restricted to the 200 mg
group compared to placebo. These findings, albeit prelimin-
ary, suggest that in the current study topiramate may have
affected subjective effects of alcohol consumption by attenu-
ating its positively reinforcing properties, but only at the
lower 200 mg dose. Such relationships would be consistent
with our finding that topiramate reduced drinking quantity
but not frequency, and with our interpretation that this effect
reflects a reduction in the reinforcing effects of alcohol once
drinking has begun.
There are, however, several reasons to be cautious about

these results. As noted, the effect on stimulation only
reflected a significant effect for the 200 mg group. In
addition, the observed effects were of relatively small mag-
nitude, suggesting that these findings per se are insufficient
to fully explain the effects on drinking. Furthermore, topi-
ramate’s effect was only studied at estimated peak BrAC
after 1 dose of alcohol. It is possible that topiramate has
more pronounced effects at lower or higher blood-alcohol
levels and it is also possible that focusing on topiramate’s
effects during the ascending or descending limb of the
blood-alcohol curve may more precisely capture the
medication’s effects on experiential intoxication (Ray &
Hutchison, in press; Ray et al., 2007). As such, the current
findings are suggestive that topiramate may exert its
impact via effects on the subjective effects of alcohol, but
should be considered preliminary and supportive of the
need for more fine-grained and extensive examinations of
its effects on subjective intoxication.
This study had a number of limitations that should be

considered. As a preliminary study, the sample size was rela-
tively small, which resulted in statistical power to only
detect moderate-to-large effect size effects. In addition,
although the study sought to study topiramate’s mecha-
nisms more clearly than in previous clinical trials, its scope
was nonetheless limited to 2 laboratory paradigms. As such,
future studies would be well served to examine topi-
ramate using alternative methodological approaches. Recent
alcoholism pharmacotherapy studies have found that behav-
ioral economic paradigms for assessing alcohol reinforce-
ment (e.g., alcohol self-administration under conditions of
cost) have proven to be very useful for understanding medi-
cation effects (e.g., Drobes et al., 2003; O’Malley et al.,
2002). Importantly, behavioral economic measures of moti-
vation objectively assess drug motivation but have only
modest-to-moderate correlations with subjective craving
(e.g., MacKillop et al., 2007; O’Malley et al., 2002; Sayette
et al., 2001). Thus, such paradigms may be more sensitive
to medication effects that are independent of subjective
craving. In addition, because topiramate does not appear
to have an acute effect on alcohol use at low doses but

more gradually reduces drinking (Johnson et al., 2003;
Raguraman et al., 2005; Rubio et al., 2004), as was evident
in this study, it would be informative to have fine-grained
assessment of the processes that take place in initiating and
sustaining those changes in future studies. Ecological
momentary assessment, or close to real-time assessment in
individuals daily life using structured or electronic daily
diaries, has been profitably used in understanding the mech-
anisms of naltrexone (e.g., Armeli et al., 2006; Kranzler
et al., 2004; Tidey et al., in press) and could be a promising
approach for studying topiramate. Taken together, future
studies that use larger sample sizes, additional experimental
paradigms, and higher resolution assessment appear to be
warranted.
A final consideration that is worthy of note pertains to the

actual levels of drinking observed in the 2 topiramate groups.
Although both groups exhibited significant decreases on mul-
tiple drinking variables, absolute drinking remained high
(e.g., >20 drinks ⁄week). Indeed, clinically speaking, these
individuals were still drinking at problematic levels. This
underscores the essential role of motivation in changing exces-
sive alcohol use. In its absence, although topiramate reduces
alcohol use, its effects were not so robust as to reach healthy
drinking levels. Recognizing this, it is likely that topiramate
will best fit into a multifaceted clinical approach, where moti-
vated individuals receive both psychosocial and pharmacolog-
ical treatment.
Despite the various considerations of the methods and

findings, the present findings are significant as the first
human laboratory study to examine the biobehavioral
mechanisms of topiramate’s effects on drinking. The pres-
ent findings suggest that while topiramate may not reduce
the likelihood that an individual will drink, it may hold
promise for reducing the likelihood that he or she will
drink heavily. In this respect, the clinical praxis of topira-
mate pharmacotherapy may be similar to naltrexone (e.g.,
O’Malley et al., 1996; Rohsenow, 2004). Furthermore, the
present findings do not support the notion that the effects
of topiramate on drinking were a function of its effects
on craving in the paradigms used. Rather, topiramate
may exert its beneficial effects by altering the subjective
experiences of alcohol ingestion, although this hypothesis
requires further examination. Considerable further research
is clearly necessary to understand the mechanisms under-
lying topiramate’s effects on drinking.
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