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Abstract

Background—We examined whether the effects of topiramate and a single nucleotide 

polymorphism (SNP; rs2832407) in GRIK1, which encodes a kainate receptor subunit, persisted 

following a 12-week, placebo-controlled trial in 138 heavy drinkers with a treatment goal of 

reduced drinking. During treatment, topiramate 200 mg/day significantly reduced heavy drinking 

days and increased the frequency of abstinent days (Kranzler et al. 2014a). In the European-

American (EA) subsample (n=122), rs2832407 moderated the treatment effect on heavy drinking.

Methods—Patients were re-interviewed 3 and 6 months after the end of treatment. During 

treatment, we obtained 92.4% of drinking data, with 89.1% and 85.5% complete data at the 3- and 

6-month follow-up visits, respectively. We examined four outcomes over time in the overall 

sample and the EA subsample: percent heavy drinking days (PHDD), percent days abstinent 

(PDA), serum γ-glutamyl transpeptidase (GGTP) concentration, and a measure of alcohol-related 

problems.

Results—In the full sample, the lower PHDD and higher PDA seen with topiramate treatment 

were no longer significant during follow-up. Nonetheless, the topiramate-treated patients had 

lower alcohol-related problem scores during treatment and both follow-up periods. Further, in the 
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EA subsample, the greater reduction in PHDD seen during treatment in rs2832407*C-allele 

homozygotes persisted throughout follow-up, with no significant effects in A-allele carriers. A 

reduction in GGTP concentration was consistent with the reduction in heavy drinking, but did not 

reach statistical significance.

Conclusion—There are persistent therapeutic effects of topiramate in heavy drinkers, principally 

in rs2832407*C-allele homozygotes.
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Introduction

The majority of adults in the United States drink regularly (Blackwell et al., 2012). Nearly 

one-quarter of U.S. adults also report at least occasional heavy drinking (i.e., five or more 

drinks on an occasion) and alcohol use is one of the country's leading causes of premature 

death and disability (NIAAA, 2013). Three medications have been approved by the Food 

and Drug Administration (FDA) to treat alcohol dependence (AD): naltrexone, acamprosate, 

and disulfiram. Randomized controlled trials (RCTs) of these medications show that they 

have only a small effect in reducing drinking (Rösner et al., 2010), and comparatively few 

RCTs included post-treatment follow-up visits. Most of the RCTs with a post-treatment 

follow-up have involved naltrexone (Anton et al., 2001; Anton et al., 2006; O'Malley et al., 

1996), and they consistently show that the differential treatment effects seen during 

treatment diminish once the medication has been discontinued. In contrast, one study of 

acamprosate (Sass et al., 1996) showed that the reduced risk of relapse to drinking seen 

during a 48-week treatment period was sustained for another 48 weeks after the study 

medication was discontinued.

Topiramate is a promising medication for alcohol treatment that is not approved for that 

indication. It is a GABA/glutamate modulator that is FDA approved to treat seizure disorder, 

prevent migraine, and (in combination with phentermine) promote weight loss. Animal 

(Breslin et al., 2010; Hargreaves & McGregor, 2007) and human studies (Johnson et al., 

2003; Johnson et al., 2007; Kranzler et al., 2014a; Miranda et al., 2008) have shown 

topiramate to be effective in reducing drinking. In RCTs, topiramate has shown a larger 

effect size than either naltrexone (Baltieri et al., 2008; Florez et al., 2011; Blodgett et al., 

2014) or acamprosate (Kenna et al., 2009; Blodgett et al., 2014). The only placebo-

controlled study that failed to show an effect of topiramate in the treatment of AD 

(Likhitsathian et al., 2013) suffered from a high rate of dropout and missing data, limiting its 

interpretability. However, absent from the growing literature on the use of topiramate to 

reduce heavy drinking are studies that follow participants to determine whether topiramate's 

beneficial effects persist after the medication is discontinued.

Recently, we completed a 12-week, parallel-groups, placebo-controlled trial of topiramate in 

a sample of 138 heavy drinkers whose goal was to reduce their drinking (Kranzler et al., 

2014a). Based on a prior study that showed the single nucleotide polymorphism (SNP) 

rs2832407, a C-to-A non-coding substitution in GRIK1 that encodes the GluK1 kainate 
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receptor subunit, to be associated with alcohol dependence (Kranzler et al. 2009), we 

examined the moderating effects of the SNP on the response to topiramate treatment. We 

found that topiramate treatment significantly reduced heavy drinking days and increased 

abstinent days more than placebo (Kranzler et al., 2014a). Patients receiving topiramate also 

had lower concentrations of the liver enzyme γ-glutamyl transpeptidase (GGTP) and lower 

scores on a measure of alcohol-related problems than placebo-treated patients. In a 

subsample of EA (n=122), patients homozygous for the rs2832407*C allele (n=51, 42%) 

previously associated with alcohol dependence (Kranzler et al., 2009) showed greater 

reductions in heavy drinking days when treated with topiramate than placebo. In contrast, 

rs2832407*A-allele carriers showed no benefit of topiramate treatment compared with 

placebo. In the present study, we examined the persistence of treatment effects for the six 

months following the end of the pharmacotherapy trial.

Materials and Methods

Overview

The study was initiated at the University of Connecticut Health Center and completed at the 

University of Pennsylvania. The institutional review board at each institution approved the 

study treatment and follow-up procedures. Details of the recruitment process and selection 

criteria for the treatment trial were reported previously (Kranzler et al., 2014a). Briefly, we 

randomly assigned 138 treatment-seeking individuals who expressed a desire to reduce their 

heavy drinking to receive either topiramate (n=67) or placebo (n=71). All patients were 

medically stable, educated, and with no concomitant serious comorbid psychiatric or 

substance dependence (except nicotine dependence). Urine toxicological assessment was 

conducted at baseline. We used an urn randomization (i.e., balancing) procedure to assign 

patients to treatment groups and double-blind conditions were maintained throughout the 

study. Patients received treatment with either topiramate, which was initiated at a dosage of 

25 mg/d with a gradual increase over six weeks to a maximum of 200 mg/d, or matched 

placebo. All patients also received medical management, a brief form of counseling that 

focuses on medication adherence (Pettinati et al., 2004). At baseline, the end of treatment, 

and each of the two follow-up visits (3 months and 6 months after treatment ended), patients 

reported on their drinking, drug use, and alcohol-related problems. We measured the 

concentration of the liver enzyme GGTP five times (at baseline, the midpoint and endpoint 

of the 12-week treatment trial, and at each of the two follow-up visits).

Post-treatment Assessments

We attempted to contact and evaluate all patients in both medication groups at all of the 

scheduled time points, regardless of whether they completed treatment. During follow-up 

visits, patients completed the Timeline Follow-back (TLFB) (Sobell & Sobell, 1992) to 

estimate the number of abstinent days and heavy drinking days they had during the follow-

up periods in a manner similar to that employed at the pretreatment and treatment endpoint 

visits. Patients for whom more than 90 days had elapsed from their prior visit (including 

those who missed an assessment) were asked to report on their drinking since the last 

assessment. Post-treatment assessments also included the recent (i.e., past 3 months) version 

of the Short Index of Problems (SIP), a 15-item questionnaire that yields alcohol-related 
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problem scores (from 0-45) (Miller & Tonigan, 1995) and a blood sample for measurement 

of GGTP. Patients were paid $50 to complete the endpoint assessment and each of the two 

follow-up visits.

Statistical Analysis

We used linear mixed models to examine medication group differences in percent heavy 

drinking days (PHDD), percent days abstinent (PDA), SIP score, and GGTP concentration 

across the study periods and whether differences were moderated by rs2832407. Data from 

the 12-week treatment period and the 3- and 6-month follow-up periods were included in the 

analysis to determine whether the change in outcomes from treatment to follow-up differed 

by medication group. Because the length of treatment (12 weeks) and follow-up periods (13 

weeks) differed slightly, heavy drinking days and abstinent days were converted to 

percentages so that the study periods were on a common scale for analysis.

We conducted two sets of analyses. The first analysis examined models that included the 

effects of study period (treatment and 3-, and 6-month follow-ups), treatment group 

(topiramate, placebo) and the interaction of these two factors, which tested the change in the 

difference between groups across study periods. We included data from the treatment 

period, which were reported previously (Kranzler et al. 2014a), to model changes over time 

using consistent measures of drinking behavior (i.e., PHDD and PDA). These analyses 

included all patients who provided data at any time point. Baseline or pretreatment values 

for each outcome were included as covariates in modeling the respective outcome. GGTP 

was log transformed prior to analysis because of excessive positive skewness. The second 

analysis examined models to which rs2832407 genotype (C-allele homozygote vs. A-allele 

carrier) was added as a factor to test whether it moderated the effects of study period and 

treatment group on the outcomes.

Results

Descriptive Statistics

The sample was a mean of 51.1 years old (SD=8.3), 62.3% male, and 88.4% EA, and had 

completed a mean of 15.5 years of education (SD=2.5). During the pretreatment period, 

patients were abstinent on 12.5% of days (SD=15.4) and they drank heavily (men: >5 drinks 

in a day; women: >4 drinks in a day) on 66.4% of days (SD=26.7). At baseline, the only 

significant difference between medication groups was on age; placebo patients were a mean 

of about 3.5 years older than topiramate patients. Because analysis of the models with and 

without age as a covariate showed that it was not a significant predictor, the results reported 

here do not include age as a variable.

Of the 138 patients who started the trial, 117 (84.9%) completed treatment (82.1% 

topiramate, 87.3% placebo), with 92.4% of TLFB data available. Drinking data were 

available for 123 (89.1%) individuals at the 3-month post-treatment assessment (89.6% 

topiramate, 88.7% placebo), and 118 (85.5%) at the 6-month post-treatment assessment 

(88.1% topiramate, 83.1% placebo). A comparison of patients completing follow-up visits 

with those not completing the visits on baseline demographic and drinking variables 
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revealed that non-completers were younger (Δ=4.47 years; F=5.07, df=1,137, p=0.026), 

reported more alcohol-related problems (Δ SIP score=4.65; F=6.26, df=1,137, p=0.014), and 

reported greater PDA (Δ=9.2%, F=6.42, df=1,137, p=0.012) than patients who completed 

the follow-up visits. Because some follow-up interviews were conducted by telephone, 

fewer patients provided a blood sample for GGTP measurement at the 3-month (n=104) and 

6-month (n=96) follow-ups than provided self-report information.

For the pharmacogenetic (i.e., moderation) analyses, we limited the sample to EA patients 

(n=122) because of the large difference in rs2832407 allele frequencies by population. 

Demographic and pretreatment clinical features of the EA subsample are provided in detail 

elsewhere (Kranzler et al., 2014a). Briefly, medication groups did not differ on the 

frequency of the CC genotype (37.5% topiramate, 45.5% placebo, χ2=0.79, p=0.38). 

Further, comparisons among the four groups resulting from the cross of medication (placebo 

vs. topiramate) by genotype (CC vs. A-allele carriers) showed no significant differences on 

any of the demographic or clinical measures.

Within EAs, the completion rate among rs2832407*C homozygotes was 92.3% during 

treatment and 90.2% at the 3-month follow-up and 90.2% at the 6-month follow-up, with the 

respective rates among A-allele carriers being 82.7%, 88.7%, and 81.7%. Contingency table 

analyses revealed no significant difference in completion rates by medication group, study 

period, genotype, or their interactions.

In the sections that follow, we first present findings for the intent-to-treat sample (n=138) 

and then present parallel results for the EA subsample (n=122), in which we examined 

rs2832407 as a moderator variable.

Effects of Topiramate in the Full Sample

Percent Heavy Drinking Days and Percent Days Abstinent—For PHDD, there was 

a non-significant trend for a main effect of medication group (F=3.21, df=1, 132, p=0.075) 

and a significant interaction of medication group by study period (F=3.55, df=2, 243, 

p=0.036). Although topiramate-treated patients had a significantly lower PHDD than 

placebo patients at the end of treatment (t=2.94, df=220, p=0.004), the medication effect was 

no longer significant at the 3-month (t=0.55, df=237, p=0.58) or 6-month (t=1.12, df=244, 

p=0.26) follow-up visits (see Figure 1A). Post hoc analyses revealed that the reduction in 

PHDD in the topiramate group persisted through the 3- and 6-month follow-up periods. 

However, following treatment, the placebo group showed a significant decrease in PHDD 

from treatment to the 3-month (t=4.57, df=244, p<0.001) and 6-month follow-ups (t=3.47, 

df=245, p=0.001).

For PDA, there was also no main effect of medication group (F=0.03, df=1, 137, p=0.87) 

and a significant medication group-by-study period interaction on PDA (F=3.21, df=2,248, 

p=0.042). Post hoc analyses revealed that, in contrast to what was seen with PHDD, the 

medication groups were similar on PDA at the end of treatment, but there was a significantly 

greater increase in PDA from treatment to 3-month follow-up in patients who received 

placebo (t=2.40, df=250, p=0.017).

Kranzler et al. Page 5

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



γ-Glutamyltranspeptidase Concentration (Figure 1B)—Neither medication group 

(F=1.42, df=1, 122, p=0.23) nor the interaction of medication group by study period 

(F=2.09, df=2, 203, p=0.13) showed significant effects on GGTP concentration.

Short Index of Problems Score (Figure 1C)—There was a significant main effect of 

medication group on SIP score, with topiramate patients reporting lower severity of alcohol-

related problems than placebo patients (F=11.77, df=1, 128, p=0.001). The topiramate group 

had a lower SIP score than the placebo group at the end of treatment (t=3.46, df=240, 

p=0.001) and at the 3-month (t=2.43, df=256, p=0.016) and 6-month (t=2.48, df=266, 

p=0.014) follow-ups. The interaction of medication group with study period on SIP score 

was not significant (F=0.50, df=2, 235, p=0.61), i.e., the medication effect on this outcome 

was consistent across the study periods.

Moderation of the Effects of Topiramate by rs2832407

Percent Heavy Drinking Days and Percent Days Abstinent—In the EA subsample, 

the three-way interaction of study period by medication group by genotype group was not 

significant (F=0.01, df=2, 210, p=0.99). However, there was a significant medication group-

by-genotype interaction (F=8.79, df=1, 113, p=0.004) on PHDD. As shown in Figure 2A, 

topiramate was efficacious in patients with the CC genotype, but not those in the A-allele 

carrier group. Specifically, there were significant interactions between medication group and 

genotype group during treatment (t=2.52, df=203, p=0.013) and during the 3-month (t=2.39, 

df=217, p=0.018) and 6-month (t=2.47, df=221, p=0.014) follow-up periods. Simple effects 

analysis within rs2832407*C-allele homozygotes showed that the topiramate-treated 

patients had a lower PHDD than placebo patients during treatment (t=3.80, df=48, p<0.001) 

and during the 3-month (t=2.97, df=44, p=0.005) and 6-month (t=2.60, df=44, p=0.013) 

follow-up periods. There were no significant group differences within A-allele carriers (all 

p-values > 0.30).

The interaction of study period by medication group by genotype group was not significant 

for PDA (F=0.95, df=2, 215, p=0.39), nor was there an effect of genotype by medication 

group on PDA (F=0.11, df=1, 117, p=0.74).

γ-Glutamyl Transpeptidase Concentration (Figure 2B)—Although the interaction 

of medication group by genotype group on GGTP concentration did not vary by study 

period (F=0.29, df=2, 172, p=0.75), the interaction of medication group by genotype group 

across the three time points approached significance (F=2.80, df=1, 105, p=0.097). The 

rs2832407*CC-genotype group treated with topiramate had marginally lower GGTP 

concentrations than the placebo group.

Short Index of Problems Score (Figure 2C)—There was no evidence that genotype 

moderate the effect of topiramate on SIP score. Neither the three-way interaction of 

medication group by genotype group by study period (F=0.28, df=2, 204, p=0.75) nor the 

interaction of medication group by genotype group (F=1.09, df=1, 111, p=0.30) was 

significant for SIP score.
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Controlling for Potential Confounds

As mentioned above, because the medication groups differed on age, we repeated the 

analyses with age as a covariate, which did not alter the findings. Further, to address missing 

data concerns, we conducted multiple imputation using a fully conditional Markov Chain 

Monte Carlo procedure to generate 10 imputed data sets, and used patient characteristics and 

drinking behavior to predict missing 3- and 6-month outcomes. In neither case did the 

results differ from those based on the available data.

Discussion

This is the first study to evaluate the post-treatment effects of topiramate in an alcohol 

treatment trial. We found that some, but not all, of the benefits produced by topiramate 

treatment persisted after discontinuation of the medication. Although topiramate treatment 

significantly reduced heavy drinking days and increased abstinent days more than placebo in 

the full sample during treatment (Kranzler et al., 2014a), the effect of the medication was no 

longer significant at the 3- or 6-month follow-up visits. Post hoc analyses revealed that, 

despite the persistence of topiramate's beneficial effects, the placebo group substantially 

reduced their PHDD and increased their PDA once the study medication was discontinued. 

In the full sample, topiramate-treated patients also had lower concentrations of the liver 

enzyme GGTP at the end of treatment than placebo-treated patients, but the effect was no 

longer significant at the follow-up visits. In contrast, topiramate's reduction of alcohol-

related problems, which was significant during treatment, persisted throughout the 6-month 

follow-up period.

Interestingly, placebo-treated patients reported a significant reduction in heavy drinking and 

an increase in abstinent days during the post-treatment follow-up. Despite the convergence 

in self-reported drinking between the two treatment groups during follow-up, GGTP 

concentrations in topiramate-treated patients were marginally lower throughout the course of 

treatment and follow-up. Further, the changes in drinking behavior reported by the placebo-

treated patients were not accompanied by similar changes in the severity of alcohol-related 

problems during follow-up. Some decay in topiramate treatment effects is expected over 

time and may be reflected in the inconsistent pattern of differences from placebo. It is also 

likely that non-treatment factors affected the course of drinking and related variables during 

the follow-up period.

Importantly, however, we found that the robust effect of topiramate during treatment, where 

it reduced PHDD significantly in rs2832407*C-homozygotes, persisted throughout the 6-

month post-treatment period. Specifically, during follow-up, patients with the 

rs2832407*CC genotype who received topiramate had a significantly lower PHDD than 

those who received placebo or than A-allele carriers receiving either treatment. This effect is 

based on self-report, but there is no reason to assume that self-report is less valid in this 

genotype group than in the A-allele carriers from whom it did not otherwise appear to differ. 

Further, although the interaction of medication group by genotype on GGTP concentrations 

did not reach significance, there was a non-significant trend in rs2832407*C-allele 

homozygotes treated with topiramate to have lower GGTP concentrations than those 

receiving placebo. There was no such effect in A-allele carriers. Because the number of 
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patients providing a blood sample at the follow-up visits was lower than those providing 

self-report data, the lack of statistically reliable findings for GGTP concentration may be 

due, in part, to lower statistical power for that outcome measure than for self-reported 

drinking.

Overall, these findings provide additional support for the use of topiramate to reduce heavy 

drinking in EAs with the rs2832407*CC genotype, which is present in approximately 42% 

of that population group (Kranzler et al., 2009). This effect, however, requires replication, 

perhaps in the context of a topiramate study for heavy drinking that compares treatment for 

12 weeks with that over a longer period of time, and includes a post-treatment follow-up. An 

adequately powered study using that design could test the moderator effect, define the 

appropriate duration of treatment, and clarify the impact of treatment duration on the 

persistence of treatment effects.

The findings reported here are consistent with our examination in this sample of the 

moderating effect of rs2832407 on topiramate's reduction of positive alcohol expectancies 

and desire to drink (Kranzler et al., 2014b). In that study, we found that, among 

rs2832407*C-allele homozygotes, topiramate treatment reduced positive alcohol 

expectancies and desire to drink significantly more than placebo treatment. Thus, in this 

heavy drinker sample, the CC genotype was associated with other indicators of response to 

topiramate treatment.

Pre-clinical research also provides evidence of an interaction of genetic features with the 

response to topiramate. In a study examining the effects of topiramate (alone or in 

combination with naltrexone or ondansetron) on alcohol consumption and reinforcement, 

topiramate reduced alcohol consumption and reinforcement in alcohol preferring (P) rats, 

but not in Wistar rats (Breslin et al., 2010). Although the mechanisms underlying these 

effects in different rodent lines are unknown, P rats show differences from non-preferring 

animals in the cortico-mesolimbic dopamine system, which mediates the reinforcing effects 

of alcohol (McBride & Li, 1998), and differences in GABAergic and glutamatergic 

signaling (Kapasova & Szumlinski, 2008; McBride et al., 1990). The use of a rodent line 

selected for alcohol preference is analogous to the use of a genotype to select patients who 

are most responsive to topiramate treatment. Thus, research examining the effect of selective 

antagonism of GluK1-containing kainate receptors in selected rodent lines could provide 

insights into the mechanism and duration of pharmacological effects on drinking behavior 

such as those reported with topiramate.

The current findings should be considered in the context of the study's strengths and 

limitations. This was the first study to examine the persistence of the effects of topiramate in 

reducing heavy drinking. During treatment, there was a high rate of medication adherence 

and treatment completion (Kranzler et al., 2014a) and during the post-treatment period there 

was a high-rate of follow-up, which support the internal validity of the findings. The finding 

that three months of topiramate treatment in patients selected for a single genotype that is 

prevalent in EAs can lead to clinically relevant treatment effects six months after treatment 

is discontinued has important clinical implications. Limitations of the study include a sample 

size that limited the statistical power to detect some interaction effects reliably. Sample 
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attrition, despite good follow-up rates, also diminished the power available to conduct 

comparisons during the follow-up periods, particularly for GGTP, which unlike self-

reported drinking measures, could not be obtained via telephone. Further, the post-treatment 

follow-up evaluations did not include a detailed assessment of non-treatment factors that 

may have diminished the effects of treatment over time. We are currently exploring how 

topiramate treatment interacts with rs2832407 to modify other aspects of alcohol use and 

relapse, including a measure of self-efficacy. Future studies with larger sample sizes are 

needed to confirm our findings and to explore the psychological and biochemical 

mechanisms of topiramate's effects on heavy drinking and its moderation by rs2832407. 

Such studies should also examine in detail non-treatment-related factors that could influence 

post-treatment outcomes.

The current study extends our previous findings of topiramate's effects in heavy drinkers 

whose goal was to reduce drinking, demonstrating that the beneficial effects of topiramate 

persist as long as 6 months after the discontinuation of treatment. In the overall sample, the 

advantage of topiramate over placebo in self-reported PHDD and PDA appeared to diminish 

over the follow-up period, as placebo-treated patients reported reduced PHDD and increased 

PDA. However, the finding that heavy drinkers with the rs2832407*CC genotype 

experienced beneficial effects of topiramate that persist beyond the period of medication 

treatment underscores the potential for this treatment approach to reduce heavy drinking. 

Replication and extension of these findings may help to personalize the pharmacological 

treatment of heavy drinking.
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Figure 1. 
Comparison of topiramate and placebo across study periods in the full sample (n=138). 

Values are means (SEM).

A: Mean percent heavy drinking days (PHDD). There was a significant interaction of 

medication group by study period (p=0.03) on PHDD.

B: Mean natural log γ-glutamyltranspeptidase (GGTP) concentration. The interaction of 

medication group by study period was not significant for GGTP (p=0.18).
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C: Mean Short Index of Problems (SIP) score. There was significant main effect of 

medication group (p=0.001) on SIP score, but no interaction of medication group by study 

period.
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Figure 2. 
Moderating effects of rs2832407 on the comparison of topiramate and placebo across study 

periods in the European-American subsample (n=122). Values are means (SEM).

A and B: Mean percent heavy drinking days (PHDD). There were significant interactions 

between medication group and genotype group during treatment (p=0.013) and during the 3- 

month (p=0.018) and 6-month (p=0.014) follow-up periods. Simple effects analysis within 

rs2832407*C-allele homozygotes showed that topiramate-treated patients had a lower 

PHDD than placebo patients during treatment (p<0.001) and during the 3-month (p=0.005) 
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and 6-month (p=0.013) follow-up periods. There were no significant group differences 

within A-allele carriers (all p-values > 0.30).

C and D: Mean natural log γ-glutamyltranspeptidase (GGTP) concentration. The interaction 

of medication group by genotype group across the four time points approached significance 

for GGTP (p=0.097).

E and F: Mean Short Index of Problems (SIP) score. There was no interaction of 

medication group by genotype group on SIP score (p=0.30).
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