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Topiramate decreases the salience of motivationally relevant 
visual cues among smokers with alcohol use disorder

Jason D. Robinson, PhD1, Yong Cui, PhD1, Maher Karam-Hage, MD1, George Kypriotakis, 
PhD1, Francesco Versace, PhD1, Nassima Ait-Daoud Tiouririne, MD2, Robert M. Anthenelli, 
MD3, Paul M. Cinciripini, PhD1

1Department of Behavioral Science, The University of Texas MD Anderson Cancer Center, 
Houston, Texas, USA

2Department of Psychiatry and Neurobehavioral Sciences, University of Virginia School of 
Medicine, Charlottesville, Virginia, USA

3Pacific Treatment and Research Center, Department of Psychiatry, University of California, San 
Diego, Health Sciences, La Jolla, California, USA

Abstract

Background: There is preliminary evidence that the anticonvulsant topiramate increases the 

likelihood of both smoking and alcohol abstinence among smokers with alcohol use disorder 

(AUD), but its therapeutic mechanism has not been determined. We used event-related potentials 

(ERPs) to evaluate topiramate’s effect on the salience of drug-related, emotional, and neutral 

pictorial cues to identify whether one of its potential therapeutic mechanisms involves reduction of 

the salience of motivationally relevant cues.

Methods: Participants, who were enrolled in a multisite clinical trial treating smokers with 

AUD, were randomized to receive placebo, low-dose topiramate (up to 125 mg/day), or high-dose 

topiramate (up to 250 mg/day), along with brief behavioral compliance enhancement treatment. 

A subsample (n=101) completed ERP assessments at baseline (1 week pre-medication) and week 

5 (5 weeks on medication; 1 week pre-quit). We assessed the salience of pleasant, unpleasant, 

cigarette-related, alcohol-related, and neutral pictorial cues using the late positive potential 

(LPP) ERP component, and measured self-reported substance use, reinforcement, craving, and 

withdrawal.

Results: Five weeks of high-dose topiramate treatment decreased LPP amplitudes to both 

emotional (pleasant and unpleasant) and drug-related cues (alcohol and cigarette), but not to 

neutral cues. However, results showed that the LPPs were not significant mediators of the 
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relationship between topiramate dose and post-quit measures of substance use, reinforcement, 

craving, or withdrawal.

Conclusions: These findings suggest that high-dose topiramate (up to 250 mg/day) decreases 

the motivational salience of both drug-related and emotional cues among smokers with AUD. 

However, the nonsignificant mediation analyses preclude any firm conclusions about whether this 

effect represents one of topiramate’s therapeutic mechanisms of action.

Keywords

Topiramate; smoking; alcohol use disorder; event-related potentials; late positive potential; cue 
reactivity; mediation

INTRODUCTION

Tobacco (TUD) and alcohol use disorders (AUD), two of the greater preventable causes 

of disease and death in the world (Lopez et al., 2006), frequently co-occur (Grant et al., 

2004), with the prevalence of past-year TUD among those with past-year AUD in the United 

States being 51.7% (Parker et al., 2019). Studies have found that those who quit smoking 

had higher rates of alcohol abstinence than did those who had not quit smoking (Campbell 

et al., 1995; Friend and Pagano, 2005; Sobell and Sobell, 1996), which suggests that 

concurrent treatment of both TUD and AUD would be beneficial. One candidate medication 

is the anticonvulsant topiramate, a sulfamate-substituted fructopyranose derivative with both 

GABAergic and glutamatergic properties, which has been found to reduce drinking among 

those with AUD (Johnson et al., 2007; Kranzler et al., 2014; Kranzler et al., 2021). In 

a post-hoc analysis extending their previously published report on topiramate’s effects on 

reducing alcohol drinking (Johnson et al., 2003a), Johnson and colleagues (2005) found that 

participants given topiramate were more likely to abstain from smoking than those given 

placebo. A small uncontrolled open-label study suggested that the majority of the study’s 

13-subject sample were able to abstain or reduce their daily smoking when given topiramate 

(Khazaal et al., 2006). The positive effects of topiramate on smoking cessation have been 

replicated in two other clinical studies (Baltieri et al., 2009; Oncken et al., 2014). However, 

topiramate’s effects on concomitant smoking and alcohol treatment have been equivocal. 

A recent study found that topiramate did not differ from placebo in promoting smoking 

cessation or in preventing relapses to drinking among male smokers with AUD in remission 

(Anthenelli et al., 2017), although the authors found that topiramate reduced smoking among 

those with a subtype of AUD during post-treatment (Isgro et al., 2017).

Given the mixed evidence for topiramate’s effectiveness in treating comorbid TUD and 

AUD, studying its underlying therapeutic mechanisms could help to optimize topiramate 

treatment strategies and to develop future pharmacotherapies for these conditions. One 

putative mechanism could be that topiramate directly reduces the salience of motivationally 

relevant cues (Khazaal and Zullino, 2007). This effect could result from topiramate’s 

known inhibitory effect on the glutamatergic system, which has downstream effects 

on mesolimbic dopamine (DA) release. Specifically, topiramate antagonizes α-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and kainate glutamatergic receptors 

(Gibbs et al., 2000), and likely antagonizes N-methyl-D-aspartate receptor (NMDA) 
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glutamatergic receptors (Motaghinejad et al., 2017; Rawls et al., 2009). Antagonism of 

one or more of these glutamatergic receptors has been found to reduce nicotine- (Kenny et 

al., 2009; Kosowski et al., 2004; Schilström et al., 1997; Sziráki et al., 2002), alcohol- (Xiao 

et al., 2009), and cocaine-induced (Moghaddam and Bolinao, 1994; Pap and Bradberry, 

1995) DA release in the nucleus accumbens, an essential step for the attribution of incentive 

salience to cues (Berridge and Robinson, 1998). Additionally, ionotropic glutamatergic 

antagonists have been found to block reinstatement of cue-conditioned drug-seeking 

behaviors in animals (Di Ciano and Everitt, 2001). Notably, topiramate, which is a known 

AMPA and kainate receptor antagonist (Gibbs et al., 2000; Skradski and White, 2000), has 

been found to reduce nicotine-induced dopamine (DA) release in the mesocorticolimbic DA 

pathways (Schiffer et al., 2001), the activation of which plays a key role in reward and 

drug addiction (Hyman et al., 2006; Volkow et al., 2002). Recent imaging work has found 

that topiramate, compared to placebo, reduces DA-mediated activity in mesocorticolimbic 

reward-related regions of the brain (Wetherill et al., 2021). Conversely, disruption of DA-

mediated activity should reduce the incentive salience of drug cues, making them less 

attractive and less likely to induce appetitive motivation to use the drug (Berridge and 

Robinson, 1998). Reduction of mesolimbic DA availability has been found to reduce self-

administration of nicotine (Corrigall and Coen, 1991), alcohol (Rassnick et al., 1992), and 

other drugs (Bergman et al., 1990; Woolverton, 1986) in animals and to reduce cue-elicited 

craving in alcohol- (Modell et al., 1993) and cocaine-abusing (Berger et al., 1996) humans.

The evidence for topiramate’s ability to block drug craving in humans has been mixed. On 

the one hand, studies have found that topiramate decreases alcohol-related tonic craving 

(Johnson et al., 2003a) and alcohol cue-elicited craving (Wetherill et al., 2021), but another 

trial failed to find an effect of topiramate on cue-induced alcohol craving (Miranda et al., 

2008). With smoking cessation, one small open-label study reported that most smokers 

who reduced or quit smoking while taking topiramate reported decreased craving to smoke 

(Khazaal et al., 2006), but another small double-blind study found that, compared with 

placebo, low-dose topiramate had no effect on cue-induced craving to smoke (Reid et 

al., 2007). Thus, although it is plausible, it is unclear whether topiramate’s therapeutic 

mechanisms of action involve a DA-mediated reduction of the salience of motivationally 

relevant cues.

One approach to evaluate whether topiramate directly reduces the salience of motivationally 

relevant cues among humans is to use event-related potentials (ERPs). ERPs, which are 

scalp voltage measurements reflecting postsynaptic potentials in cortical pyramidal cells, 

provide a direct, noninvasive, millisecond-resolution measurement of neurotransmission-

related neural activity (Luck, 2005). In humans, ERPs, particularly the late positive potential 

(LPP) component, are sensitive measures of motivational salience when the external stimuli 

are emotional and drug-related visual cues. Compared with neutral cues, emotional cues 

elicit increased levels of LPP, which typically peaks between 400 and 800 ms after stimulus 

onset over central and parietal sites on the scalp (Cuthbert et al., 2000; Keil et al., 2002; 

Schupp et al., 2000). In terms of drug cues, several studies have consistently shown that 

the LPP ERP component is enhanced to cigarette-related cues (McDonough and Warren, 

2001; Versace et al., 2010; Warren and McDonough, 1999), even when compared with 

the LPPs of former smokers (Littel and Franken, 2007; Robinson et al., 2015), suggesting 

Robinson et al. Page 3

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that smoking-related cues are motivationally salient to smokers. Similar effects have been 

observed for LPP to alcohol-related cues among those with AUD (Namkoong et al., 2004; 

Petit et al., 2015). The robustness of the LPP as an index of response to drug-related 

cues makes it a potential methodology for evaluating topiramate’s impact on motivational 

salience.

The current study evaluated topiramate’s effect on the salience of drug-related, emotional, 

and neutral pictorial cues to determine whether the reduction of motivationally relevant 

cue salience is related to topiramate’s therapeutic mechanism of action. Our first aim was 

to identify topiramate’s impact on the motivational salience of drug-related and emotional 

cues as measured using the LPP. We hypothesized that if topiramate’s primary therapeutic 

mechanism is to reduce the salience of motivationally relevant cues, then topiramate should 

result in decreased LPP amplitudes during the presentation of all motivationally relevant 

(drug-related, pleasant, and unpleasant) cues but not to neutral cues. Our second aim was to 

determine whether the reduction of motivationally relevant cue salience potentially mediates 

the impact of topiramate on post-quit substance use, reinforcement, craving, and withdrawal 

by using tests of indirect effects to evaluate the mediating effects of LPP to cue type. This 

manuscript presents the primary analyses of the ERP findings.

MATERIALS AND METHODS

Study Design

We recruited participants who were enrolled in a multisite placebo-controlled clinical 

efficacy trial (referred to as the parent trial) treating smokers with AUD who wanted to try 

to quit smoking and drinking (ClinicalTrials.gov Identifier: NCT01182766). As part of the 

parent trial, participants were randomized to receive placebo, low-dose topiramate (TPM-

Low; up to 125 mg/day), or high-dose topiramate (TPM-High; up to 250 mg/day), along 

with brief behavioral compliance enhancement treatment (BBCET), to promote abstinence 

and prevent relapse to smoking and heavy drinking. Participants for the current study 

were all recruited at The University of Texas MD Anderson Cancer Center site, and they 

completed two laboratory ERP assessments that coincided with clinical visits at baseline 

(1 week pre-medication; i.e., 6 weeks pre-quit) and week 5 (5 weeks on medication; 

i.e., 1 week pre-quit; see Figure 1). These assessments consisted of dense-array ERPs 

(129 sensors) recorded during the presentation of drug-related (alcohol and cigarette cues), 

emotional (pleasant and unpleasant), and neutral pictorial cues.

A block randomization procedure stratified drug groups based on age at onset for AUD 

(<25 vs. ≥25 years old), sex at birth, number of drinks (standard drinking units [SDUs]) 

per drinking day (<8 vs. ≥8), and number of cigarettes smoked per day (<20 vs. ≥20). As 

part of the parent trial, participants completed an 18-week, double-blind treatment period, 

during which they received topiramate along with weekly brief behavioral compliance 

enhancement treatment (BBCET) and a self-help manual for smoking cessation. BBCET is a 

medication management intervention that emphasizes brief advice, compliance, motivation, 

and education for the treatment of comorbid AUD and smoking behavior (Johnson et 

al., 2003b). Titration of high-dose (50 mg to 250 mg) and low-dose (25 mg to 125 mg) 

topiramate, with matching placebo pill count, occurred over the first 5 weeks of the 18-week 
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treatment period. The targeted quit date (TQD) was set for the beginning of the sixth week 

of treatment, with participants instructed to not attempt smoking or alcohol cessation before 

the TQD. However, participants who either quit smoking or stopped consuming alcohol 

before the TQD continued to receive medication and counseling to prevent relapse.

Participants

Community participants were recruited using local media in the Houston, Texas 

metropolitan area. Inclusion criteria for the parent trial included being at least 18 years old, 

weighing at least 40 kg, and meeting Diagnostic and Statistical Manual of Mental Disorders 

(5th edition; DSM-V; American Psychiatric Association, 2013) criteria for diagnosis of mild 

to severe AUD. Participants must have had an expired carbon monoxide (CO) level of 

≥10 ppm or a urinary cotinine level of ≥ 3 ng/ml at screening, smoked an average of ≥ 5 

cigarettes per day (CPD) in the 30 days prior to randomization, and consumed at least 8 

standard drink units (SDUs) per week over the past month for women and at least 15 SDUs 

per week over the past month for men. In addition, participants were required to have a 

stable residence and personal telephone number, be proficient with written and oral English, 

and be willing to participate in a treatment program for both AUD and TUD. Women of 

child-bearing potential must have been using a medically acceptable form of contraception.

Exclusion criteria included meeting criteria for any current Axis I psychiatric disorder (other 

than AUD or TUD), as indicated on the Mini International Neuropsychiatric Interview 

(MINI; Lecrubier et al., 1997), that warranted treatment or would preclude safe participation 

in the protocol, or having a history of suicide attempts in the previous 5 years. Participants 

were also excluded if they were taking medication that may adversely interact with 

topiramate (e.g., psychotropics, opioids, anticonvulsants, herbal preparations that impact 

the central nervous system), had a history of severe adverse events to anticonvulsants, 

received inpatient or outpatient treatment for AUD within the last 30 days prior to screening, 

engaged in treatment for TUD in the last 30 days prior to screening, tested positive for illicit 

substance use, or had members of the same household participating in the trial. Women who 

were pregnant or lactating were also excluded.

All participants provided informed consent at the baseline screening session that was 

approved by the University of Texas MD Anderson Cancer Center Institutional Review 

Board prior to initiating any study-related procedures. As assessed in the parent protocol, 

a blood alcohol concentration breath test was administered at consent and at subsequent 

visits as a safety measure. Participants were required to have a breath alcohol content (BAC) 

of 0.000% when signing the informed consent document. At subsequent visits, BAC was 

required to be ≤ 0.020% to complete the visit (3.43% had blood alcohol values greater than 

zero but less than 0.020% at laboratory visits). Participants earned up to $510 for completing 

all visits, procedures, and assessments that were part of the parent trial. Those electing to 

participate in this add-on study could earn an additional $170.

Assessments

Eligibility assessment (administered by the parent trial)—Participants initially 

eligible for the parent trial, as determined by a phone screen, were scheduled for an 
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in-person baseline screening session where the remaining eligibility criteria were assessed, 

including smoking status (expired CO and urinary cotinine level), illicit substance use 

(urinary drug screen), pregnancy status (urine pregnancy test), health (medical history, 

hematology, blood chemistry, urinalysis, and physical exam), and mental health (MINI).

Baseline substance use—Alcohol-related problems were measured using the Alcohol 

Use Disorders Identification Test (AUDIT; Bohn et al., 1995). Nicotine dependence severity 

was assessed using the Fagerström Test for Cigarette Dependence (FTCD; formerly the 

FTND; Fagerström, 2012; Heatherton et al., 1991). AUD was determined using the MINI 

(Lecrubier et al., 1997). Behavioral economics measures related to alcohol and tobacco use 

were also collected and are described elsewhere (Cui et al., 2021).

Post-quit-date substance use, reinforcement, craving, and withdrawal—
Nicotine use was assessed by calculating the average number of cigarettes per day (CPD) 

taken from timeline follow-back of daily use (Brown et al., 1998) collected at each visit. 

CPD was supplemented by expired carbon monoxide (CO) measured at each visit. The 

modified Cigarette Evaluation Questionnaire (mCEQ; Cappelleri et al., 2007), the Brief 

Questionnaire of Smoking Urges (QSU-Brief; Cox et al., 2001), and the Wisconsin Smoking 

Withdrawal Scale (WSWS; Welsch et al., 1999), assessed nicotine reinforcement, craving, 

and withdrawal symptoms, respectively.

Alcohol use was assessed by calculating the average number of drinks per day (DPD) from 

timeline follow-back of daily use collected at each visit. Alcohol reinforcement, craving, 

and withdrawal were assessed by the Drug Effects Questionnaire (DEQ; Kirk and deWit, 

2000), the Desires for Alcohol Questionnaire (DAQ; Love et al., 1998), and the Short 

Alcohol Withdrawal Scale (SAWS; Gossop et al., 2002), respectively. Nicotine and alcohol 

prolonged abstinence rates at EOT (18 weeks of medication) were evaluated as part of 

exploratory analyses.

Motivational salience (ERP picture-viewing task)—The two picture-viewing ERP 

assessments took place at baseline (1 week pre-medication) and at week 5 (5 weeks on 

medication; 1 week pre-quit). As illustrated in Figure 2, the ERP assessment consisted of 

EEG recorded during the presentation of neutral, emotional (pleasant and unpleasant), and 

drug-related (cigarette and alcohol) pictorial cues for 4 s each, separated by a random inter-

trial interval of 3–5 s. Pictures were selected from the International Affective Picture System 

(IAPS; Lang et al., 2008) and from cigarette-related picture collections previously used in 

our (Carter et al., 2006) and other (Gilbert and Rabinovich, 1999) laboratories. The alcohol 

pictures were created for this study. To reduce the possibility of ERP responses habituating 

to specific cues, two unique sets of pictures were created, and the presentation order of each 

set was randomized across participants. Each set included 5 cue types (pleasant, unpleasant, 

neutral, alcohol-related, and cigarette-related) with 24 cues each (total, 120 pictorial cues per 

set). Each session was divided into 8 equivalent blocks lasting 3.8 min each and separated 

by a 30-s interval, during which time participants had the opportunity to relax. The cues 

were presented using Psychology Tools’ E-prime software (version 1.4; Pittsburgh, PA) 

on a plasma screen placed approximately 1.5 m from the participant’s eyes. The pictures 

subtended approximately a 24° horizontal viewing angle. The pictorial cues were presented 
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twice during the session, for a total of 240 trials, and the entire cue presentation lasted 

approximately 36 min.

Self-reported ratings of the cues used in the picture-viewing task—As a 

manipulation check, at baseline the participants rated one set of the pictorial cues (n=120) 

using an instrument based on the self-assessment manikin (SAM; Bradley and Lang, 1994) 

that assessed feelings of valence (i.e., pleasantness) and arousal (i.e., intensity) evoked by 

each cue on a 9-point scale. We also collected ratings for craving to smoke and drink alcohol 

evoked by each cue on a 9-point scale. We administered the SAM and craving ratings with 

E-Prime software using a computer mouse and monitor. The results of the picture ratings 

manipulation check are reported in the Supporting Information.

Data Analyses

ERP recording and scoring—During the picture-viewing task, we recorded 

electroencephalograms (EEGs) using a 129-channel Geodesic Sensor Net (HydroCel GSN 

128; Electrical Geodesics Inc., Eugene, OR, USA) attached to an AC-coupled high input 

impedance (200 MΩ) amplifier (EGI’s Geodesic EEG System 200) controlled by EGI’s Net 

Station software (v4.2.1). The voltages were sampled at 250 Hz, filtered online using 0.1 

Hz high-pass and 100 Hz low-pass filters, and referenced to Cz, with scalp impedances 

kept below 70 kΩ, per manufacturer’s recommendation. Offline, using BESA (v5.3; BESA 

GmbH, Gräfelfing, Germany), we visually inspected the data, used spherical splines to 

interpolate channels contaminated by artifacts for more than 50% of the recording, removed 

eye blink-related artifacts using the spatial filtering method based on artifact topographies 

(Ille et al., 2002), and transformed the EEG data to the average reference. Using Brain 

Vision Analyzer (v2.1; Brain Products GmbH, Munich, Germany), we segmented the EEG 

into 900-ms segments (with baseline defined as the 100-ms interval preceding the pictorial 

cue onset), identified and excluded segments from the subsequent processing if more than 

10% of the sensors were contaminated by artifacts, and exported the averaged segmented 

and filtered data for random permutation analysis. Selection of the LPP (408–800 ms) 

component was accomplished by identifying ERP temporal and spatial regions of interest 

(ROIs) using a random permutation analysis approach (Keil et al., 2014), which is detailed 

in the Supporting Information, along with the grand-average ERP waveforms. Finally, we 

performed a manipulation check of the resulting ROIs at baseline, by cue type, which is also 

detailed in the Supporting Information.

Statistical analyses

We evaluated the distributions of all continuous variables for skewness, outliers, and 

normality prior to analysis. Baseline differences, by drug group, were evaluated for 

continuous measures using one-way ANOVA with post hoc Tukey honestly significant 

difference (HSD) tests, and for categorical measures using Fisher’s Exact Test. All analyses 

that examined the effects of cue type, drug group, Session, and their interactions (i.e., 

Aim 1) on LPP response were conducted using repeated measures mixed models analyses 

using SAS PROC MIXED (version 9.4; SAS Institute Inc., Cary, NC, USA), with treatment 

adherence through week 5 (full, partial, or no topiramate dose) as a covariate and subject 

modeled as a random effect. For significant interactions, we conducted post hoc pairwise 
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tests of simple effects (Winer, 1971) on least-square means (LSM) to identify the sources of 

significant differences. The post hoc comparisons were adjusted using the Holm-Bonferroni 

correction to control Type I error rate (Seaman et al., 1991). To assess for parallel 

multiple mediation (Aim 2), we used an indirect effect bootstrapping approach (Hayes, 

2018; Preacher and Hayes, 2008). The Aim 2 analyses included the baseline (1 week 

pre-medication) LPP of each cue type and the baseline value of each outcome questionnaire 

as covariates to account for potential confounding by baseline values, along with the number 

of days on partial or full medication dose through the EOT. We estimated effect sizes by 

calculating partial eta squared values for analyses involving mixed models (Tippey and 

Longnecker, 2016). The ηp2 values of 0.01, 0.06, and 0.14 are considered to be small, 

medium, and large effects, respectively (Cohen, 1988). We calculated Cohen’s dz (within-

subjects) to report effect sizes for the pairwise comparisons resulting from the mixed 

models, with dz values of 0.2, 0.5, and 0.8 considered to be small, medium, and large 

effects, respectively (Cohen, 1988).

RESULTS

Sample characteristics

Of those 128 participants who were randomized into the parent trial at the MD Anderson 

site between 25 February 2013 and 10 August 2017, 101 (78.9%) agreed to participate in 

this add-on study. Those who elected not to participate (n=27) in this add-on study did 

not significantly differ from those who did enroll (n=101) on any of the reported sample 

characteristics. Of the 101 randomized to this study, 100 produced scorable EEG at baseline 

and are included in the ERP analyses. Of the 78 who attended the second sessions at week 

5, 77 produced scorable EEG. Baseline demographic, smoking, and alcohol measures for the 

101 randomized participants are presented, by drug group, in Table 1, along with measures 

of treatment adherence. The sample was largely male, White or Black, and currently 

employed. Those randomly assigned to the TPM-High Dose group had significantly lower 

AUDIT scores at baseline than those in the PLA group.

Regarding treatment adherence, we experienced a 66.3% study discontinuation rate by 

EOT (18 weeks of medication). Only 35.6% of participants took the topiramate or placebo 

medication as prescribed, at either a full or reduced dose due to adverse events, on at least 

80% of the days throughout the entire 18-week treatment period. This medication adherence 

rate did not differ by drug group (χ2=0.87). More importantly for our analyses, only 70.3% 

(n=71) took either the full or reduced dose, as prescribed, on at least 80% of the days 

through the first five weeks of the pharmacotherapy titration period. The proportion of 

participants not taking the medication as initially prescribed on at least 80% of the days 

through week 5 did not differ by drug group (χ2=0.22). Treatment adherence was included 

as a covariate in our Aims 1 & 2 analyses, as described in the Statistical Analyses section.

Aim 1: Identify topiramate’s impact on the motivational salience of drug-related and 
emotional cues

To evaluate Aim 1, we examined the 3-way interaction among drug group, session (baseline 

vs. 5 weeks on medication), and cue type on LPP. The 3-way interaction was significant 

Robinson et al. Page 8

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(F[8,296]=2.16, p=.0302, ηp2= 0.02). To parse this interaction, we conducted post hoc 

pairwise comparisons between the two sessions for each cue type and drug group to obtain 

the impact of 5 weeks of medication treatment on the LPP to each cue type (see Figure 

3). For TPM-High, all of the pairwise comparisons of the motivationally relevant cues 

significantly differed by session. LPP voltages were lower at Week 5 when compared to 

baseline for alcohol (LSM=0.64 vs. 1.44 μV; t[296]=3.05, p=.0025, dz=0.35), cigarette 

(LSM=1.05 vs. 2.25 μV; t[296]=4.60, p<.0001, dz=0.52), pleasant (LSM=1.90 vs. 2.57 

μV; t[296]=2.58, p=.0104, dz=0.29), and unpleasant (LSM=1.89 vs. 2.53 μV; t[296]=2.38, 

p=.0179, dz=0.27) cues, but not for neutral cues (LSM=0.74 vs. 0.75 μV; t[296]=0.01, p=.99, 

dz=0.00). For TPM-Low, none of the cue types differed by pairwise comparisons between 

time points (all p’s>.11). For Placebo, only LPP to alcohol cues differed between time 

points (LSM=0.93 vs. 1.87 μV; t[296]=3.65, p=.0003, dz=0.42). These findings suggest that 

5 weeks of TPM-High, but not TPM-Low, exposure reduced the motivational salience of 

both emotional and drug-related cues.

Aim 2: Determine whether the reduction of motivationally relevant cue salience mediates 
the impact of topiramate on post-quit substance use, reinforcement, craving, and 
withdrawal

To evaluate Aim 2, we used tests of indirect effects to assess the relationships between 

drug group, the hypothesized mediators (LPP ERP), and measures of cigarette and alcohol 

use (CPD/CO; DPD), reinforcement (mCEQ; DEQ), craving (QSU-Brief; DAQ), and 

withdrawal (WSWS; SAWS). We simultaneously evaluated Week 5 (5 weeks on medication; 

1 week pre-quit) values of the five LPP ERP measures to cue type (pleasant, unpleasant, 

cigarette-related, alcohol-related, and neutral) as mediators of the impact of drug group 

(placebo, TPM-Low, or TPM-High) on post-quit (weeks 6–15) measures of substance use, 

reinforcement, craving, and withdrawal. We calculated an average of cigarette and alcohol 

use (CPD/CO; DPD) over weeks 6 (1 week post-quit) through 15 (EOT; 12 weeks post-quit) 

and measures of reinforcement (mCEQ; DEQ), craving (QSU-Brief; DAQ), and included 

withdrawal (WSWS; SAWS) obtained at week 15 (the only post-quit assessment of those 

measures).

In terms of direct effects, increasing drug dose resulted in significantly lower CPD, expired 

CO, and WSWS Craving scores post-quit; all other effects were nonsignificant. To assess 

whether each of the 5 mediators (i.e., LPP to cue type) mediated treatment effect on post-

quit substance use, reinforcement, craving, and withdrawal, we calculated a 95% bootstrap 

confidence interval (CI) for each using an indirect effect bootstrapping approach. We did not 

find any significant indirect effects of LPP ERP to cue type as mediators of the relationship 

between drug group and measures of post-quit cigarette or alcohol use, reinforcement, 

craving, or withdrawal. These findings indicated that the reduction of motivational salience 

of the different cues, as measured by the LPP, did not mediate the relationship between drug 

group and smoking outcome. The full results of the tests of direct and indirect effects on the 

outcome measures are reported in Table S3.
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DISCUSSION

Our Aim 1 findings showed that 5 weeks of high-dose topiramate treatment (250 mg/

day) decreased the motivational salience, as measured by the LPP, of both emotional 

(pleasant and unpleasant) and drug-related cues (alcohol and cigarette). This effect was 

dose dependent, as this reduction in cue salience was not found for those taking the low-dose 

topiramate treatment (125 mg/day). However, we did find a reduction in LPP to alcohol 

cues among those in the placebo group, although this effect may be less reliable because the 

test-retest reliability between baseline and week 5 alcohol cues was low and not statistically 

significant (r = 0.19; see Table S2). We found no evidence that the reduction in cue relevance 

directly mediates high-dose topiramate’s effects on smoking outcomes as measured by 

post-quit substance use, reinforcement, craving, or withdrawal, which precludes any firm 

conclusions about whether this effect represents one of topiramate’s therapeutic mechanisms 

of action.

The ERP effects suggestive of a reduction in the salience of motivationally relevant cues are 

consistent with topiramate’s known impact on the glutamatergic and DA systems, systems 

which have been found to influence cue-conditioned drug-seeking behaviors in animals. 

Topiramate is an AMPA and kainate receptor antagonist (Gibbs et al., 2000; Skradski and 

White, 2000), and is likely an NMDA receptor antagonist (Motaghinejad et al., 2017; Rawls 

et al., 2009). Antagonists of these receptors have been found to block reinstatement of 

cue-conditioned drug-seeking behaviors for alcohol (Bäckström and Hyytiä, 2004), cocaine 

(Bäckström and Hyytiä, 2003; Di Ciano and Everitt, 2001) and for other drugs of abuse 

(Layer et al., 1993) in animal models. One of the mechanisms by which glutamatergic 

receptor antagonists are thought to block cue-conditioned drug use reinstatement is through 

the reduction in drug-induced DA release in the mesocorticolimbic DA pathways (Steketee, 

2003). Reduced DA release in the nucleus accumbens has been associated with reduced 

cue-induced reinstatement of most abused substances in animals (Perry et al., 2014), and 

with reduced cue-elicited craving among humans with SUDs (Berger et al., 1996; Modell et 

al., 1993).

To our knowledge, this is the first study to observe an impact of pharmacological treatment 

on ERP responses to a wide array of motivationally relevant visual cues. Typically, research 

has used self-reports to study drug effects on drug cue reactivity. For example, other 

studies have found indications that pharmacological treatment can reduce drug cue reactivity 

measured using self-report, including varenicline for smoking cues (Brandon et al., 2011; 

Franklin et al., 2011) and naltrexone for alcohol cues (Rohsenow et al., 2000). Given that 

self-report may not be the most reliable indicator of drug effects (Baker et al., 2004), 

functional brain imaging (e.g., fMRI, PET) is increasingly used to examine the impact of 

pharmacotherapy on cue reactivity. For example, varenicline was found to reduce ventral 

striatum and medial orbitofrontal cortex activity to smoking cues (Franklin et al., 2011), and 

bupropion has been found to reduce activity of the anterior cingulate cortex (Brody et al., 

2004) and other areas of the mesolimbic dopaminergic system (Weinstein et al., 2010) to 

smoking cues, using these techniques. However, the cost of functional brain imaging has 

restricted its use mainly to smaller sample sizes. ERPs, which are more affordable and easier 

to administer than functional brain imaging approaches, are one approach that have been 
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proposed as an index of treatment response among those with SUDs (Houston and Schlienz, 

2018). However, few ERP studies supporting this contention has have been reported. For 

example, we previously found no impact of treatment by varenicline or bupropion on LPP 

to smoking-related or emotional cues among smokers who sought to quit smoking (Versace 

et al., 2019). The current study is significant in that it is among the first to show that ERPs 

to motivationally relevant cues can be sensitive to medication effects and reveal information 

about their potential mechanisms of action.

While high-dose topiramate suppressed LPP responses to motivationally relevant cues, we 

found no evidence that this effect mediated topiramate’s effects on post-quit substance use, 

reinforcement, craving, or withdrawal. None of the tests of indirect effects yielded evidence 

of such mediation occurring through topiramate’s impact on LPP to any of the picture 

stimulus categories on any of our outcome measures. These null findings are possibly due 

to the inadequate statistical power of our sample needed to detect likely indirect effect sizes 

(Fritz and MacKinnon, 2007), particularly given the large number of study dropouts, and 

thus should be considered inconclusive. Additionally, a significant proportion of participants 

(41.6%) did not take the medication dose as initially prescribed, either because they had 

temporarily or permanently stopped taking topiramate altogether, or because they were 

temporarily put on a reduced (i.e., half) dose. Although the drug groups did not differ in 

medication compliance, a reduced dose could have attenuated the impact of medication on 

our measures.

While we found that increasing drug dose resulted in lower CPD, expired CO, and WSWS 

Craving scores, we did not find an effect of topiramate dose on self-reported measures of 

cigarette-related reinforcement or withdrawal, or on corresponding alcohol-related measures, 

unlike several previous studies. Our craving findings are inconsistent with previous work 

that found that topiramate reduced self-reported craving to alcohol (Batki et al., 2014; 

Johnson et al., 2003a; Miranda et al., 2016; Wetherill et al., 2021). With regards to smoking, 

our lack of a drug effect on withdrawal symptoms is inconsistent with a study that found that 

topiramate produced lower smoking withdrawal scores over time than placebo (Anthenelli 

et al., 2017). However, our mCEQ findings were consistent with those of Oncken and 

colleagues (Oncken et al., 2014), although they did find that topiramate led to decreases in 

the mCEQ reward scale over time. Thus, besides reduced cigarette craving and use, it is 

unclear whether topiramate improves other self-reported symptoms related to AUD or TUD.

The findings of this study are tempered by several limitations, particularly the relatively 

small sample size and the relatively low medication adherence rates. Only 77 (76.2%) 

participants completed the initial five-week medication titration period, with only 71 

(70.3%) taking either the full or reduced dose, as prescribed, on at least 80% of the 

days during this period. The small number of participants per group likely limited our 

ability to detect likely effect sizes when examining between-group pairwise comparisons 

as part of Aim 1, and the number of participants available at the week 5 time point likely 

reduced our ability to detect likely effect sizes as part of the tests of indirect effects (Aim 

2) and of the self-reported outcome measures (exploratory aims). Additionally, our study 

experienced a 66.3% discontinuation rate, although this high rate appears to be consistent 

with other topiramate studies. For example, the 1-year discontinuation rate among those 
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treated for seizure disorder was found to be approximately 45% for topiramate, with adverse 

events being the most common reason for discontinuation (Bootsma et al., 2004; Kellett 

et al., 1999). While the relatively high number of adverse events likely influenced the 

nonadherence rates, it is likely not the only cause of study dropout, as those in the placebo 

group had similar rates. However, our relatively low medication adherence rates and high 

number of reduced doses due to adverse events suggest that use of topiramate in the 

alcohol-abusing smoker population will be difficult to tolerate and to evaluate in terms of 

clinical effectiveness.

In conclusion, by measuring the amplitude of the LPP responses to emotional, drug-related, 

and neutral pictorial cues, we found that topiramate resulted in reduced motivationally 

relevant cue salience. Moreover, we found this effect only among those treated with 

high-dose topiramate (up to 250 mg/day) and not for among those treated with low-dose 

topiramate (up to 125 mg/day), although there was some evidence that response to alcohol 

cues decreased over time for the placebo group. Because we were unable to find evidence 

that reductions in the LPP to motivationally salient cues mediated the relationship between 

drug group and smoking outcomes, we were unable to determine whether this mechanism 

represents one of topiramate’s therapeutic mechanisms of action. Future studies should 

include larger sample sizes and determine the time course of topiramate’s impact on 

motivational salience by examining LPPs at further time points, including post-medication. 

Even though more work is needed to establish the validity of this ERP approach with regards 

to predicting therapeutic outcomes, our findings suggest that this ERP paradigm may be 

sensitive to drugs’ effects on motivational salience, which could be useful for evaluating 

other medications used for treating substance use disorders.
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Figure 1. 
Study flow diagram. Participants were titrated for high-dose (50 mg to 250 mg) or low-dose 

(25 mg to 125 mg) topiramate, or received a placebo matched on pill count, over the first 

5 weeks. The drug maintenance phase occurred from weeks 6 to 18. ERP = event-related 

potential.
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Figure 2. 
The picture-viewing task: Schematic representation of the stimulus presentation procedure. 

Pleasant, unpleasant, neutral, alcohol-related, and cigarette-related pictures were presented 

while electroencephalograms were was recorded. During the slide presentation, pictures 

were presented in pseudo-random sequences with no more than two pictures of the same 

category presented consecutively. Each picture was presented for 4 seconds, and followed by 

a random inter-trial interval (ITI) of 3–5 s, during which a fixation cross was presented at the 

center of the screen.
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Figure 3. 
The significant drug group x session x cue type 3-way interaction on mean (standard 

error) voltages for the late positive potential (LPP) component (408–800 ms). High-

dose topiramate significantly reduced the LPPs to both the emotional (pleasant and 

unpleasant) and drug-related cues (alcohol and cigarette) after five weeks of drug exposure. 

Cue types: ALC=alcohol-related, CIG=cigarette-related, NEU=neutral, PLE=pleasant, and 

UNP=unpleasant. Drugs: TPM-Low=low-dose topiramate (up to 125 mg/day) and TPM-

High=high-dose topiramate (up to 250 mg/day). Note: * = significant pairwise comparison, 

after Holm-Bonferroni correction.

Robinson et al. Page 20

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Robinson et al. Page 21

Table 1.

Baseline demographic, smoking, and alcohol measures means and frequencies, by drug group, along with 

measures of treatment adherence.

Measure Placebo TPM-Low TPM-High Overall

n (%) n (%) n (%) n (%)

Sample Size 36 (35.6%) 29 (28.7%) 36 (35.6%) 101

Gender, Male 26 (72.2%) 19 (65.5%) 25 (69.4%) 70 (69.3%)

Race, White 18 (50.0%) 12 (41.4%) 22 (61.1%) 52 (51.5%)

Race, Black 13 (36.1%) 14 (48.3%) 12 (33.3%) 39 (38.6%)

Race, Other 5 (13.9%) 2 (6.9%) 1 (2.8%) 8 (7.9%)

Employed
a 24 (66.7%) 17 (58.6%) 22 (61.1%) 63 (62.4%)

Completed Treatment
b 11 (30.6%) 9 (31.0%) 14 (38.9%) 34 (33.7%)

Medication Adherence (week 18)
c 12 (33.3%) 10 (34.5%) 14 (38.9%) 36 (35.6%)

Completed 5-week Titration
d 29 (80.6%) 22 (75.9%) 26 (72.2%) 77 (76.2%)

Medication Adherence (week 5)
e 29 (80.6%) 18 (62.1%) 24 (66.7%) 71 (70.3%)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 46.9 (9.7) 46.4 (10.7) 47.1 (11.9) 46.8 (10.7)

FTCD 5.4 (2.2) 5.7 (2.5) 5.7 (2.0) 5.6 (2.2)

CPD 18.6 (8.6) 18.1 (9.5) 19.8 (8.0) 18.9 (8.6)

AUDIT 22.0 (7.0) 19.7 (7.3) 17.9 (5.8)* 19.9 (6.9)

DPD 7.8 (5.1) 9.2 (6.7) 8.5 (5.7) 8.5 (5.7)

Note:

a
Full or part-time employed;

b
Completed the full 18 weeks of treatment;

c
Took either the full or reduced medication dose, as prescribed, on at least 80% of the days through week 18;

d
Completed the initial 5 weeks of treatment and produced scoreable electroencephalography data;

e
Took either the full or reduced medication dose, as prescribed, on at least 80% of the days through the first five weeks of pharmacotherapy;

TPM-Low = low-dose topiramate; TPM-High = high-dose topiramate; FTCD = Fagerström Test for Cigarette Dependence; CPD = cigarettes per 
day; AUDIT = Alcohol Use Disorders Identification Test; DPD = drinks per day.

*
= significantly different from the Placebo group, Tukey’s honest significance test (HSD) p<.05.
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