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Abstract

Topiramate, which interacts with multiple neurotransmitter and enzyme systems, is approved by
the Food and Drug Administration to treat seizure disorder, prevent migraine, and (in combination
with phentermine) reduce weight. Topiramate has also been shown in multiple studies to reduce
heavy drinking. We found that topiramate 200 mg/day significantly reduced heavy drinking in
heavy drinkers with a treatment goal of reduced drinking (Kranzler et al. 2014). Further, in the
European American (EA) subsample (n=122), a single nucleotide polymorphism (rs2832407) in
GRIK1, which encodes the GluK1 subunit of the kainate receptor, moderated the effect on heavy
drinking days. Here we examined the effects of topiramate on body-mass index (BMI) and the
moderating effect of rs2832407 in the EA subsample from Kranzler et al. (2014). Across the 12
weeks of treatment, BMI was reduced by 1.2 kg/m? (p<0.001) in the topiramate group, but was
unchanged in the placebo group. There was no evidence of moderation by rs2832407 of
topiramate’s effects on BMI. Controlling for changes in drinking and other potential confounders
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did not alter the findings. These results suggest that the effect of topiramate on drinking behavior,
in which the GluK1-containing kainate receptor appears to play a key role, can be dissociated
from its effect on weight, the specific mechanism of which remains to be determined.

www.clinicaltrials.gov registration: NCT00626925
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INTRODUCTION

Topiramate is a sulfate-substituted monosaccharide that interacts with multiple
neurotransmitter and enzyme systems. It facilitates GABAergic function by interacting with
a non-benzodiazepine site on the GABA, receptor (White et al. 2000), antagonizes
glutamate effects at AMPA and kainate receptors (Skradski & White 2000; Gibbs et al.
2000), blocks voltage-dependent Na* and L-type voltage-gated Ca** channels, inhibits
carbonic anhydrase, and enhances K* conductance (McDonald and Rogawski 2006). The
various effects of topiramate may contribute to its efficacy in the treatment of different
disorders.

Topiramate, which was first approved by the FDA as an anticonvulsant, has also been
approved to prevent migraine and, in combination with phentermine, for weight loss.
Although topiramate is widely used to treat these and other disorders, its mechanism of
action in producing different therapeutic effects is not fully understood. Topiramate’s effects
on AMPA/kainate receptors are most potent and selective for those containing the GluK1
subunit (Gryder and Rogawski 2003; Kaminski et al. 2004), suggesting that these receptors
play a key role in topiramate’s reduction of clonic seizure activity (Gryder and Rogawski
2003, Kaminski et al. 2004).

Topiramate also consistently reduces weight (Moradi et al. 2013, Rosenstock et al. 2013,
Verrotti et al. 2011). Although the combination of topiramate with phentermine is more
efficacious than topiramate alone in reducing weight (Aronne et al. 2013), topiramate
monotherapy also produced greater weight reduction than placebo (Aronne et al. 2013).
Consistent with these reports, studies of alcohol-dependent individuals (Johnson et al. 2008)
and smokers (Anthenelli et al. 2008) have shown that, despite receiving treatment focused
on reducing substance use, rather than on weight loss, topiramate treatment significantly
reduced weight [or body mass index (BMI), which is weight divided by height squared]
more than placebo treatment. Multiple mechanisms may be responsible for topiramate-
induced weight reduction. Human studies show that topiramate is anorexigenic, resulting in
decreased caloric intake. However, topiramate also affects the concentration of hormones
such as adiponectin and glucose and lipid metabolism, any of which could also mediate its
effects on weight (Verrotti et al. 2011).

Although topiramate is not approved to treat alcohol dependence, four of five placebo-
controlled trials have shown it to be efficacious in reducing drinking in heavy drinkers
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(Johnson et al. 2003, 2007; Miranda et al. 2008; Likhitsathian et al. 2013; Kranzler et al.
2014). Thus, a growing number of practitioners prescribe the medication off-label to treat
alcohol dependence (Del Re et al. 2013).

Based on the putative mechanism of topiramate’s anticonvulsant effects, we previously
sought to identify a genetic moderator of the medication’s effects on drinking. On the
hypothesis that the GluK1 kainate subunit (encoded by GRIK1), which was implicated in
topiramate’s anticonvulsant effects, was also relevant to its effects on alcohol consumption,
we examined the association to alcohol dependence of seven single nucleotide
polymorphisms (SNPs) in GRIK1. Empirical p-value testing showed that only rs2832407 in
intron 9 was significantly associated to alcohol dependence (Kranzler et al. 2009).

In a 12-week study of the efficacy of topiramate treatment in heavy drinkers whose goal was
to reduce their drinking (Kranzler et al. 2014), we randomly assigned 138 patients to receive
treatment with topiramate 200 mg/day or matching placebo, together with a brief
psychosocial treatment: medical management (adapted from Pettinati et al. 2004). In a
subsample of patients of self-reported European ancestry (EAs; n = 122), we found that
rs2832407 interacted significantly with medication group, such that in the CC genotype
group (41.8% of the EA subsample), but not in the A-allele carrier group, topiramate-treated
patients significantly reduced their heavy drinking days more than placebo patients.
Although the functional effects of rs2832407 remain to be determined, these findings
implicate GluK1-containing kainate receptors as a key component of topiramate’s ability to
reduce heavy drinking (Kranzler et al. 2014).

Based on these findings, the present analysis examined: 1) whether the patients in the EA
subsample from Kranzler et al. (2014) lost weight when treated with topiramate and 2)
whether rs2832407 moderated the effect. A finding that topiramate-induced weight loss was
moderated by the SNP would provide preliminary evidence implicating variation in GRIK1
as playing an important role in the medication’s reduction of both heavy drinking and
weight.

EXPERIMENTAL PROCEDURES

Overview

Using advertisements that sought participants with a goal of reducing drinking, we recruited
138 heavy drinkers to participate in a parallel-group, placebo-controlled trial of topiramate.
The study was initiated at the University of Connecticut Health Center (UConn) and
completed at the University of Pennsylvania Perelman School of Medicine (Penn). An initial
telephone screening interview was followed by an in-person visit, where patients gave
written, informed consent to participate and underwent a medical and psychiatric history,
physical examination [which included weight, which was measured, and height, which was
either measured (at the UConn site) or self-reported (at the Penn site)], clinical laboratory
testing, a urine drug screen, and pregnancy testing (as appropriate). At each subsequent
treatment visit, we monitored patients’ medication adherence, adverse effects, drinking
behavior, and body weight. Because of the large population difference in the frequency of
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rs2832407 alleles, and thus to prevent confounding the pharmacogenetic analysis, we
limited it to the 122 EAs from Kranzler et al. (2014).

Genotyping Procedure

Patients

DNA was extracted from whole blood using the PureGene kit (GentraSystems, Minneapolis,
MN). We used a TagMan SNP genotyping assay (Life Technologies, Grand Island, NY) to
genotype rs2832407 in duplicate with consistent results.

As shown in Table 1, the sample was predominantly male, middle-aged, married or with a
partner, and educated. The subjects’ mean weight was 192.9 Ib (SD=37.5) and BMI was
28.8 kg/m? (SD=4.4). Nearly half of participants (45.9%) were overweight (BM1=25.0-29.9
kg/m?2) and 36.9% were obese (BM1>29.9 kg/m?2). At the time of study enrollment, the
medication groups were comparable on sex, age, marital status, years of education, lifetime
diagnosis of major depression, Beck Depression Inventory score (BDI; Beck et al. 1961)
scores, current antidepressant treatment, the percentage of days abstinent and of heavy
drinking during the 90-day pretreatment period, and BMI. There was a near-significant
difference in age as a function of treatment assignment (p=0.073), which, as indicated
below, when included as a covariate did not affect the results of the analyses.

The distribution of genotypes was consistent with Hardy-Weinberg Equilibrium
expectations (y2=0.61, df=2, p=0.74). The frequency of the CC genotype in the placebo
group was 45.5% and in the topiramate group it was 37.5%. As shown in Table 2,
pretreatment demographics (sex, age, marital status, years of education) and clinical features
(history of lifetime major depression, current antidepressant treatment, Beck Depression
Inventory score, 90-day pretreatment drinking frequency and heavy drinking frequency, and
BMI) did not differ as a function of the interaction of medication group by genotype group.

Patients were seen weekly for medication adjustment over the first six weeks of treatment
and then biweekly for six weeks, for a total of nine visits. Treatment was initiated at a
dosage of 25 mg at bedtime and was increased weekly to a maximum of 100 mg twice daily
during the sixth week of treatment. We chose a maximal dosage of topiramate of 200
mg/day to limit adverse effects that could cause early discontinuation from treatment (cf.
Johnson et al. 2007). Placebo and topiramate were encapsulated and could not be
distinguished from one another.

Data Analysis

We used linear mixed models to test whether the change in BMI over the 12 weeks of the
study differed by medication group and whether the difference was moderated by
rs2832407. The model included three factors: medication group, dichotomous genotype (CC
vs. A-allele carrier), and study visit (treated as a continuous variable). We chose to use the
two-level genotype group to maximize statistical power, based on findings from Kranzler et
al. (2014). In that study, the effects for both heavy drinking days and drinking days were
more robust for the two-level than for the three-level genotype (CC/CA/AA) variable.
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In the model, the 2-way and 3-way interactions were treated as fixed effects and the
intercept and study visit as random effects. We repeated the analysis with topiramate dosage
level, current antidepressant use, frequency of heavy drinking days, mean number of drinks/
day, mean change in the number of drinks/day (and the reduction in calories associated with
that reduction), sex, age, and baseline BMI as covariates to determine whether they were
confounders. We calculated the size of the observed interaction effects on the change in
BMI across visits using a multilevel R? (Snijders & Bosker 2012). We also repeated the
models using multiple imputation, with 10 imputed data sets, to assess the robustness of the
results to missing data.

RESULTS

To test for moderation, we examined the interaction of medication group by genotype group
by study visit, for which there was no effect (R?=0.003; F1113=0.32 p=0.58). However, the
conditional two-way interaction of medication group by study visit showed a highly
significant effect of topiramate on the change in BMI (Fy 115=24.95, p<0.001; R?=0.197,
which is a moderate effect size). The other two-way interactions were not significant
(genotype by visit: p=0.74 and medication group by genotype: p=0.67), nor were any of the
conditional main effects (medication group: p=0.68, genotype: p=0.21, or study visit:
p=0.93).

Figure 1 shows the mean change in BMI from baseline at each study visit by medication
group. Within groups, the estimated change in BMI per visit was 0.001 kg/m? for the
placebo group (p=0.90) and 0.14 kg/m? (p<0.001) for the topiramate group (which across
the 12 weeks of the study was a decrease in BMI of <0.01 kg/m? in the placebo group and
1.2 kg/m? in the topiramate group or in weight of 0.35 Ib in the placebo group and 7.74 Ib in
the topiramate group). Inclusion in the model of topiramate dosage level, current
antidepressant use, frequency of heavy drinking days, mean number of drinks/day, mean
change in the number of drinks/day (and the reduction in calories associated with that
reduction), sex, age, and baseline BMI did not alter the results and none of the covariates
uniquely predicted the change in BMI. Moreover, the analysis using multiple imputation
produced the same results: a significant medication group by study visit interaction with no
other significant effects.

DISCUSSION

This report focuses on the effects of topiramate on weight loss in a sample of heavy drinkers
who sought treatment to reduce their drinking. More than 80% of the participants were
overweight or obese. Consistent with findings from prior studies in alcohol- or nicotine-
dependent individuals who received topiramate to reduce or prevent drinking or smoking
and concomitantly lost weight, in this sample of heavy drinkers, we found that topiramate
reduced BMI (weight) by 1.2 kg/m? (7.74 Ib) across the 12-week study period, significantly
more than placebo, which reduced BMI by <0.01 kg/m? (0.35 Ib).

Although the decrease in BMI paralleled the reduction in heavy drinking days reported
previously (Kranzler et al. 2014), neither a variety of drinking measures nor other potential
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confounders such as sex, age, or current antidepressant treatment altered the finding that
topiramate significantly reduced BMI. We also found that rs2832407, which moderated the
effects of topiramate on heavy drinking (Kranzler et al. 2014), did not moderate topiramate-
induced weight loss. Thus, clinically, the same individuals who are likely to reduce their
heavy drinking with topiramate treatment are no more likely than non-responders to reduce
their weight. The pharmacogenetic effect on drinking assumes either that the variant in
GRIK1 is functional or in linkage disequilibrium with a functional variant. The magnitude of
the pharmacogenetic effect (see Kranzler et al. 2014) also suggests that it represents the
major mechanism of topiramate’s effects on drinking. The form of the pharmacogenetic
effect on heavy drinking also suggests that it is attributable to greater reductions in heavy
drinking among rs2832407*CC genotype individuals rather than differences in placebo
response by genotype. Assuming that rs2832407 or a linked polymorphism alters the
function or expression of GluK1-containing kainate receptors, the findings reported here
suggest that topiramate’s effects on alcohol consumption and BMI involve different
pharmacological mechanisms.

The present study had a number of limitations. First, it focused on EAs, which limits our
ability to generalize the findings to other populations. Second, subjects’ height was
measured at one of the two study sites and was self-reported at the other site. Although this
could have affected BMI values, as height is a key variable in the calculation of that
measure, because height is a constant, misreporting it would not have substantially affected
the computation of changes in BMI. Moreover, weight was measured at every visit at both
sites and a parallel analysis of weight alone yielded similar findings. We chose to present
data on BMI, as it may be a better indicator of health than body weight (e.g., Oliveros et al.
2014). However, despite evidence that being overweight or obese is associated with greater
risk of excess mortality from a variety of causes (Guh et al. 2009), it is difficult to gauge the
health consequences of the comparatively modest change in BMI observed here. Third, we
did not measure weight beyond the 12 weeks of treatment, so it is unclear how durable these
effects were once the medication was discontinued. Fourth, the sample size was modest,
particularly for the detection of pharmacogenetic effects. However, the size of the moderator
effect was so small that, even if it were demonstrable in a much larger sample (e.g., one
comprised of a 1,000 subjects or more), the effect would be clinically non-significant. This
is in clear contrast to the moderating effect of rs2832407 on topiramate’s ability to reduce
heavy drinking (Kranzler et al. 2014). Thus, despite the limited sample size, the findings
reported here argue against a common mechanism of topiramate’s reduction of heavy
drinking and weight. Whereas topiramate appears to reduce heavy drinking through effects
on the GluK1-containing kainate receptor, in that it reduced heavy drinking only among
individuals with the CC genotype of the GRIK1 SNP rs2832407 (Kranzler et al. 2014), the
findings reported here argue against a similar pharmacogenetic effect underlying weight
reduction by topiramate. Replication of these findings in a larger sample is needed to
support their validity. Further research is also needed to elucidate the mechanism of
topiramate’s complex effects on weight and the durability and health effects of these
changes in heavy drinkers, other patient groups, and in populations other than European
Americans.
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Figure 1.

Mean Change in BMI (£1SEM) by Medication Group across Study Visits, which were held
weekly (visits 1-6) or biweekly (visits 7-9). Although placebo-treated patients” BMI did not
change over time (mean change/per visit: 0.001 kg/m?; p=0.90), topiramate-treated patients
showed a highly significant decline (mean change/per visit: 0.14 kg/m?2, p<0.001).
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Table 1

Pretreatment Demographic and Clinical Features of the Study Sample

Medication Group

Demogr aphics

Sex (male)

Age2

Married or Partnered
Education?

Clinical Features
Lifetime Major Depression

Beck Depression Inventory score2

Current Antidepressant Treatment

90-day pretreatment drinking

Proportion of Days Abstinent?

Proportion of Heavy Drinking Days2

Body Mass Index (kg/m?)2

Topiramate (n=56) ~ Placebo (n=66)  gtatistic, P-Valuel
37 (66.1%) 38 (57.6%) %%=0.92, p=0.34
50.7 (7.3) 53.1(7.3) t=1.81, p=0.073
37 (66.1%) 47 (71.2%) x2=0.37, p=0.54
15.6 (2.2) 15.2 (2.4) t=-1.15, p=0.25
13 (23.2%) 20 (30.3%) ¥%=0.77, p=0.38
5.9 (4.4) 6.8(5.2) t=0.96, p=0.34

10 (17.9%)

0.11 (0.15)
0.68 (0.27)

29.1(4.2)

12 (18.2%)

0.11 (0.14)
0.66 (0.27)

28.5 (4.6)

%2=0.002, p=0.96

t=-0.15, p=0.88
t=-0.44, p=0.66

t=-0.71, p=0.48

lfor XZ tests, df=1; for t-tests, df=120

2mean (SD)
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