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ABSTRACT

Background: Topiramate (TPM), a broad-spectrum antiepileptic drug, has been associated with
neuropsychological impairment in patients with epilepsy and in healthy volunteers.

Objective: To establish whether TPM-induced neuropsychological impairment emerges in a dose-
dependent fashion and whether early cognitive response (6-week) predicts later performance
(24-week).

Methods: Computerized neuropsychological assessment was performed on 188 cognitively nor-
mal adults who completed a double-blind, placebo-controlled, parallel-group, 24-week, dose-
ranging study which was designed primarily to assess TPM effects on weight. Target doses were
64, 96, 192, or 384 mg per day. The Computerized Neuropsychological Test Battery was admin-
istered at baseline and 6, 12, and 24 weeks. Individual cognitive change was established using
reliable change index (RCI) analysis.

Results: Neuropsychological effects emerged in a dose-dependent fashion in group analyses (p �

0.0001). RCI analyses showed a dose-related effect that emerged only at the higher dosing, with
12% (64 mg), 8% (96 mg), 15% (192 mg), and 35% (384 mg) of subjects demonstrating neuro-
psychological decline relative to 5% declining in the placebo group. Neuropsychological change
assessed at 6 weeks significantly predicted individual RCI outcome at 24 weeks.

Conclusions: Neuropsychological impairment associated with TPM emerges in a dose-dependent
fashion. Subjects more likely to demonstrate cognitive impairment after 24 weeks of treatment
can be identified early on during treatment (i.e., within 6 weeks). RCI analysis provides a valuable
approach to quantify individual neuropsychological risk.

Classification of evidence: This study provides Class II evidence that TPM-induced cognitive im-
pairment is dose-dependent with statistically significant effects at 192 mg/day (p � 0.01) and
384 mg/day (p � 0.0001). Neurology® 2011;76:131–137

GLOSSARY
AE � adverse event; AED � antiepileptic drug; BMI � body mass index; CNTB � Computerized Neuropsychological Test
Battery; IVRS � Interactive Voice Response System; NNH � number needed to harm; RCI � reliable change index; TPM �
topiramate.

Topiramate (TPM) is an effective broad-spectrum antiepileptic drug (AED) with approved
indications for partial onset and generalized epilepsy in children and adults and for migraine
prophylaxis in adults. In studies of patients with epilepsy and in healthy volunteers, the distinct
cognitive side effects associated with TPM have been well-described and studied.1

No prospective dose-ranging studies of TPM’s effect on cognition, however, have been
performed, making it difficult to determine specific dose-related risk to neuropsychological
function. Further, group studies have not characterized individual risk, but rather have relied
only on group comparisons. Understanding TPM’s propensity to cause reversible cognitive
impairment across a range of dosing levels is important, and the degree to which cognitive
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impairment may habituate over time within
individual subjects will provide important
data to inform prescribing practices.

As part of a 6-month placebo-controlled
treatment study examining TPM dose effects
on weight in obese but otherwise healthy sub-
jects,2 computerized neuropsychological as-
sessment was performed at baseline and 3
subsequent time points. Here we report neu-
ropsychological results from that patient co-
hort and examine the extent to which early
cognitive impairment is a reliable predictor of
final neuropsychological outcome. In addi-
tion to traditional parametric approaches to
examine group differences, we calculate reli-
able change indices (RCIs), which permit the
assessment of significant cognitive decline to
be quantified at the individual patient level.3

METHODS Standard protocol approvals, registra-
tions, and patient consents. The TPM obesity trial2 (study
ID NCT00236613) was conducted at 17 US sites from Septem-
ber 2000 to July 2001. The trial was approved by the Institu-
tional Review Board at each participating site and all subjects
provided written informed consent prior to study entry.

Protocol. Inclusion criteria included a body mass index (BMI)
of �30 to �50 kg/m2 or, if the subject also had controlled
hypertension or dyslipidemia, a BMI of �27 to �50 kg/m2.
Subjects were excluded due to recent weight change (�7 pounds
in 3 months prior to enrollment), diabetes, poorly controlled
hypertension, liver disease, renal dysfunction, or cardiovascular,
endocrine, neurologic, or psychiatric disease. The trial was pow-
ered to show a 4% difference in body weight reduction with
90% power for active treatment compared to placebo, which was
the primary obesity trial outcome variable.

A total of 385 subjects entered the double-blind phase of the
obesity trial and were randomly assigned (1:1:1:1:1:1) to receive
placebo (n � 76), 64 mg/day TPM (n � 76), 96 mg/day TPM
(n � 78), 192 mg/day TPM (n � 76), or 384 mg/day TPM
(n � 79) based on a computer-generated randomization sched-
ule prepared by Johnson & Johnson Pharmaceutical Research &
Development, LLC. Randomization was stratified by center us-
ing randomly permuted blocks of 5 to ensure equivalent num-
bers of subjects were assigned to each treatment condition. An
Interactive Voice Response System (IVRS) was used to randomly
assign subjects to trial treatment, dispense study drug, and track
subject dose changes. The IVRS was used to efficiently manage
drug inventory while ensuring that no patient at the site had to
be unblinded. Medication kits were labeled with a 2-part tear-off
label, with one part then attached to the subject’s case report
form when the drug was dispensed.

Of the 385 subjects randomly assigned to trial treatment,
380 subjects received at least 1 dose of study medication and
contributed postbaseline safety data. The disposition of subjects
in this safety population is depicted in figure 1. A total of 376
subjects received at least 1 dose of double-blind study medica-
tion and completed at least 1 postbaseline primary or secondary
efficacy evaluation for the original obesity-related outcomes and

comprise the intent-to-treat population. A total of 242 subjects
completed all visits through week 24 (including the 12-week
titration and 12-week maintenance period) and had evaluations
at baseline and at day 155 (week 24) or later maintenance period,
and provided 24-week data for the obesity-related study end-
points. Of these 242 subjects, 188 also had baseline and week 24
cognitive assessment data. It is this final group that forms the
sample for this study. Demographic characteristics of this compl-
eter group are included in table 1.

During titration, the initial dose was 16 mg/day during the
first week and was increased to 32 mg/day in divided doses dur-
ing week 2. Dosing was subsequently increased each week in 32
mg/day increments until target dosing was reached and the dura-
tion of the TPM titration ranged from 2 to 12 weeks. Compli-
ance was determined by designated study personnel who
maintained a log of all study drug dispensed and returned, and
drug supplies for each subject were inventoried and accounted
for throughout the trial by the research pharmacist.

Computerized Neuropsychological Test Battery. The
Computerized Neuropsychological Test Battery (CNTB) mea-
sures a broad range of cognitive abilities, and takes approxi-
mately 50 minutes to administer.2 The CNTB is a validated
measure4,5 that has been used as a cognitive endpoint for clinical
trials.5,6 CNTB subtests assess motor speed, attention and infor-
mation processing speed, verbal learning and memory, spatial
memory, language, and other spatial functions.5,6 The CNTB
summary score was chosen as the primary cognitive outcome
measure because it has been more extensively validated than
subtest measures and has been reported in clinical and observa-
tional trials.4,6–8 Higher scores reflect better performance. CNTB
subtest scores were examined in exploratory analyses.

Subjects were tested at baseline, week 6, week 12, and week 24.
Because of the slow titration schedule, target doses were not ob-
tained for the 2 higher doses at the 6-week timepoint. Since subjects
reached their target doses at different times following study entry,
there are group differences with respect to the duration in which
subjects were at target dosings, with group differences present in the
adaptation/habituation time after reaching target levels. The CNTB
was administered to 344 subjects at baseline, and 188 subjects had
CNTB testing at the 24-week study endpoint.

Statistical analysis. All CNTB statistical analyses were per-
formed after database lock, thereby maintaining the double-
blind. Two approaches to data analysis were performed. The first
is a traditional parametric approach examining group differences
on the sample of subjects completing the 24-week trial. Completer
analysis is a more appropriate approach to evaluating cognitive out-
comes than intention-to-treat approaches.9 No experiment-wise
control of type I error rate was performed because in the context of
testing for difference in dose effects, we considered a type II error to
be more relevant than a type I error, and because analysis of CNTB
subtests was considered exploratory.

The second approach to CNTB summary score analysis em-
ployed RCIs. RCIs characterize whether performance change
upon retesting exceeds what can statistically be attributed to test-
retest variability, standard error of the test, and practice effects,
thereby permitting the assessment of significant change at the
individual patient level.3,10 RCIs were derived from the placebo
control group based upon the SD of the difference scores be-
tween assessments, and incorporate a correction for expected im-
provement due to repeated assessment from the placebo group.
As is common in the neuropsychological literature, we use 90%
confidence intervals of the test-retest difference to characterize
individual response. Subjects declining by more than this 90%
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criterion were considered to develop cognitive adverse events
(AEs). We also examined the relationship of demographics and
week 6 CNTB change score to RCI outcome (i.e., better/no
change vs decline) using simple proportional odds.

RESULTS Disposition of subjects in the safety pop-
ulation throughout the course of the initial obesity
study and reasons for discontinuation are presented
in figure 1. The safety population comprised all pa-
tients entering the main weight loss study who re-
ceived medication regardless of whether they
completed the trial or neuropsychological testing and

who had at least 1 safety assessment. The frequency
of adverse events leading to study withdrawal in the
safety population was placebo � 8/75 (11%), 64
mg � 14/76 (18%), 96 mg � 17/75 (23%), 192
mg � 12/76 (16%), and 384 mg � 22/78 (28%). A
comprehensive listing of all adverse events according
to the standard typology is contained in the original
obesity trial.2 For the purposes of this study reporting
dose-dependent cognitive side effects, AEs leading to
study withdrawal were reviewed without knowledge
of treatment arm (D.W.L.) and classified as includ-
ing a cognitive component or not.

The completer group (those who underwent
CNTB testing at baseline and at 6 months) did not
differ from noncompleters on demographic variables
of age [44.8 (SD � 10.9) vs 45.6 (SD � 11.8), p �

0.46] or BMI [37.6 (SD � 5.4) vs 37.1 (4.6), p �

0.36]. The overall sample was predominately female
(n � 324, 85%), and women were more likely to
drop out of the study than men (p � 0.04).

Parametric analyses. Means and standard deviations
for baseline and 24-week CNTB performance with

Figure 1 Flow diagram of eligible patients included and excluded in the study

*Includes subjects who completed all visits through week 24 and who completed all week 24 assessments. TPM � topiramate.

Table 1 Mean (SD) of demographic characteristics and 24-week serum
concentrations for the completer group

Placebo
(n � 38)

TPM 64 mg
(n � 42)

TPM 96 mg
(n � 36)

TPM 192 mg
(n � 41)

TPM 384 mg
(n � 31)

Age, y 45.2 (10.4) 46.3 (9.45) 45.6 (12.1) 45.2 (10.4) 40.7 (10.9)

Sex, M/F 7/31 9/33 7/29 7/34 5/26

BMI 38.2 (5.8) 37.8 (4.9) 38.2 (5.8) 36.6 (5.0) 37.3 (5.4)

Serum concentration,
�g/mL

— 4.6 (3.6) 9.4 (4.8) 17.2 (8.0) 26.9 (16.9)

Abbreviations: BMI � body mass index; TPM � topiramate.
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corresponding 95% confidence intervals for the dif-
ference scores are presented in table 2. Our primary
analysis was the 24-week CNTB summary score
across the 5 TPM dose conditions. This was analyzed
using a 5-level analysis of covariance with baseline
CNTB summary score as a covariate. A dose effect
was observed (p � 0.0001). Adjusted mean differ-
ences and standard errors are presented in table 2.
This pattern indicates the expected group level dose-
dependent TPM effect on cognitive function with
higher doses leading on average to poorer neuropsy-
chological performance, and is illustrated graphically
in figure 2.

Pairwise group comparisons examining the simple
main effects within each TPM dose at 24 weeks rela-
tive to baseline revealed no drug effect for TPM 64
mg or for TPM 96 mg, although TPM effects were

present for doses of 192 mg (p � 0.01) and 384 mg
(p � 0.0001).

Individual CNTB subtest differences are indi-
cated in table 3. The CNTB subtest most sensitive to
TPM dose was visual memory, with significant perfor-
mance declines beginning at the 96 mg dose level. De-
layed recall for paired associates and simple reaction
time declined at the 192 TPM dose, with additional
significant effects for paired associate learning, delayed
word list learning, choice reaction time, and CNTB
Boston Naming at the TPM 384 mg condition.

Reliable change indices. RCI results are displayed in
table 2, and illustrate TPM dose effects when ob-
served at the individual subject level. Relative to the
5% of placebo subjects who demonstrated neuropsy-
chological decline, the number of subjects taking
TPM who declined as defined by the 90% RCI
ranged from 8% to 12% in the 2 lower TPM dose
conditions to 35% at the highest TPM dose studied.

If subjects displaying RCI declines are considered
to have developed treatment-emergent cognitive side
effects, then this risk can be expressed by the number
needed to harm (NNH). Using this approach, 64 mg
NNH � 15.1, 96 mg NNH � 32.6, 192 mg
NNH � 10.7, and 384 mg NNH � 3.3.

Outcome prediction. We next examined the relation-
ship of various demographics including age, sex,
BMI, baseline score, and week 6 CNTB change score
to RCI outcome (i.e., better and no change vs de-
cline). No effects were observed for age (p � 0.13),
BMI (p � 0.06), or baseline CNTB score (p �

0.52). However, 6-week CNTB change score related

Table 2 CNTB summary score for completer groupa

Placebo
(n � 38)

TPM 64 mg
(n � 42)

TPM 96 mg
(n � 36)

TPM 192 mg
(n � 41)

TPM 384 mg
(n � 31)

Baseline, mean (SD) 76.3 (7.7) 75.2 (6.8) 78.5 (8.0) 78.6 (6.1) 76.6 (5.4)

Week 24, mean (SD) 79.5 (7.8) 76.9 (7.9) 79.9 (6.7) 77.8 (7.1) 73.5 (7.7)

95% Confidence
interval

1.7 to 4.7 �0.6 to 3.8 �0.6 to 3.4 �2.2 to 0.5 �5.8 to �0.30

Mean change
(adjusted)

3.0 (0.9) 1.1 (0.9) 1.8 (0.9) �0.4 (0.9) �3.2 (1.0)

RCI declines (%) 2 (5) 5 (12) 3 (8) 6 (15) 11 (35)

Abbreviations: CNTB � Computerized Neuropsychological Test Battery; RCI � reliable
change index; TPM � topiramate.
a Mean change values are adjusted for baseline CNTB performance and include standard
error of the mean. RCI declines reflect the number of subjects displaying 90% RCI decline
for 24-week CNTB summary score.

Figure 2 Change over time for Computerized Neuropsychological Test Battery summary score (% correct)
for completer group

TPM � topiramate.
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to the 24-week cognitive RCI outcome (p �
0.0001). Subjects in the 64 mg and 96 mg groups
reached their final targets by the 6-week timepoint,
although subjects in the 192 mg and 382 mg groups
were still in the process of titration at the 6-week
assessment. Because of this difference, we formed 2
subject groups (lower dose at target levels, higher
dose still at titration) and repeated the analysis, and
found effects for both subgroups (TPM 64/96 mg,
p � 0.007; TPM 192/382 mg, p � 0.002) indicating
that an effect on the total CNTB score after 24 weeks
was predictable based upon the 6-week assessment.

Plasma concentrations. Because of interindividual vari-
ability in TPM blood concentrations at a given dose,11

we performed post hoc analyses examining serum levels
independent of dose to CNTB total score and also
whether blood levels were associated with RCI decline
at the 24-week endpoint. A correlation was observed
(�0.23, p � 0.004) between CNTB total score and
blood levels. This relationship was also present using
serum concentrations to predict individual RCI de-
clines using t test analysis (t � �3.0, p � 0.004).

DISCUSSION This study indicates that neuropsy-
chological impairment associated with TPM emerges
in a dose-dependent fashion. Compared to placebo,

no evidence of neuropsychological impairment on
the CNTB summary score was present following 24
weeks of treatment at 64 mg/day and at 96 mg/day.
At 6 weeks, there was modest neuropsychological de-
cline evident in the CNTB summary score when as-
sessed at 96 mg/day but this improved with time.
Evidence of dose-dependent neuropsychological im-
pairment at 24 weeks was observed at the 2 higher
TPM doses of 192 mg/day and 384 mg/day.

Higher dosages led to detectable and more pro-
nounced changes not only on the primary CNTB
outcome measure, but also in several cognitive do-
mains. However, not all cognitive domain tests were
affected (table 2). The first cognitive domain affected
in a dose-dependent fashion was visual memory at 96
mg/day. At 192 mg, delayed paired associated learn-
ing and simple reaction time were also affected. At
the highest dosage of 384 mg/day, significant cogni-
tive drug effects were observed on multiple memory
measures, visual naming ability, and reaction time.

Because side effects associated with medication
often habituate over time, we investigated whether
neuropsychological performance obtained following
6 weeks of TPM treatment was associated with neu-
ropsychological outcome at the 24-week endpoint,
and a strong and significant relationship was ob-
served. Subjects who are likely to experience the
greatest cognitive decline can be identified early in
treatment, which will guide the clinician in identify-
ing patients with the greatest vulnerability for cogni-
tive side effects soon after initiating TPM.

There are several limitations to this report. The
first is that our results are based upon only those
subjects completing the trial (efficacy subset analy-
sis). We have argued previously that intention-to-
treat analyses are not appropriate to estimate
magnitude of neuropsychological effect in AED tri-
als.9 If a subject experiences an adverse event during
titration in which the AED is discontinued, neuro-
psychological testing cannot readily be obtained
prior to changing, stopping, or reducing the AED
dose. Even if testing is conducted before drug
change, mismatches will occur because the patient
has not reached target dosing, and different test-
retest intervals will be present which will alter the
practice effects. Our findings are appropriate to char-
acterize neuropsychological risk for patients who tol-
erate drug initiation and maintenance.

There were study dropouts in the overall safety
population related to cognitive AEs of 5% at TPM
64 mg, and 11%–12% at TPM 96 mg, TPM 192
mg, and TPM 384 mg. Thus, the frequency of cog-
nitive impairment as defined by RCI is an underesti-
mate of the overall risk since the dropouts due to
cognitive AEs are not included. Although self-

Table 3 Significant CNTB subtest differences for each dosing level compared
to placebo at 24-week endpointa

TPM 64 mg
(n � 42)

TPM 96 mg
(n � 36)

TPM 192 mg
(n � 41)

TPM 384 mg
(n � 31)

CNTB summary score � �

Word list learning

Delayed recall: word list �

Long-term memory: word list

Perseverations: word list

Paired associate learning �

Delayed recall: paired associates � �

Retention index

Visual memory � � �

Visual matching

Visual matching: delayed
recognition

Simple reaction time � �

Choice reaction time �

Choice reaction time, % correct

Choice reaction time, false alarms

Finger tapping, dominant hand

Finger tapping, nondominant hand

Modified Boston Naming Test �

Abbreviations: CNTB � Computerized Neuropsychological Test Battery; TPM � topiramate.
a � indicates that the result for the TPM group differs from placebo, i.e., the actual mean
difference is not zero, based on the 95% confidence interval not including zero.
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reported cognitive AEs are not equivalent to RCI-
defined decline, if self-reported AEs are considered as
reasonable proxy for cognitive decline, then RCI and
cognitive AEs together will provide a general estimate
of TPM-related cognitive impairment. Combining
RCI and cognitive AEs associated with study discon-
tinuation yields the following estimates of cognitive
impairment: TPM 64 � 9/76 (12%), TPM 96 �

12/75 (16%), TPM 192 � 14/76 (18%), TPM
394 � 20/78 (26%).

The original obesity protocol did not document
the precise relationship between dosing and CNTB
testing, so it is unclear if subjects were tested at the
same time of day for each assessment or whether the
interval between medication dose and testing was
constant across subjects. If not consistent, then the re-
sults of the trial would be biased toward the null hy-
pothesis. Fortunately, the half-life of TPM is
sufficiently long (mean � 21 hours) so as to minimize
these potential time differences on cognitive assessment.

Because experience with the CNTB in clinical tri-
als is more limited than traditional neuropsychologi-
cal tests, the generalizability to real-world behaviors
is more difficult. This is particularly true for the 96
mg condition, in which parametric analyses sug-
gested no CNTB summary score change although a
significant decline was observed on the visual mem-
ory task. Thus, despite the absence of a significant
effect on the primary cognitive outcome, there ap-
pears to be some cognitive effects of 96 mg TPM on
secondary measures that is not reflected in the global
CNTB summary score. However, the clinical signifi-
cance of this is not established and should also be inter-
preted within the context of the type I vs type II error
tradeoff. As with other behavioral AEs, there is typically
considerable individual variability regarding real-world
effects, and these will likely vary as a function of expec-
tations, job requirements, and deficit awareness.

RCI analyses to characterize neuropsychological
treatment risk are a significant strength of this report
and provide an empirical approach to quantify indi-
vidual risk of cognitive decline. Classifying individ-
ual risk has often relied on tabulating the frequency
with which subjects display a magnitude of post-
treatment change that is expressed as a function of
the SD. This approach, however, relies on group per-
formances from a single timepoint. The RCI, in con-
trast, is based upon difference score characteristics
including the test-retest reliability of the measure and
the standard error of the test while incorporating a
correction for practice effects, and thus is better suited
to characterizing cognitive decline than single observa-
tion SD. We suggest that RCI analyses be considered as
an appropriate metric to quantify treatment risk to cog-

nitive function and calculate NNH when neuropsycho-
logical outcome measures are employed.

Using RCI analysis, the risk of cognitive decline
for study completers at the 64 mg and 96 mg dosing
ranges from 8% to 12%. At 192 mg, approximately
15% of the subjects demonstrated significant RCI
declines and at 384 mg, 35% of the subjects had
declines. These findings parallel the group results,
but permit better communication of individual risk
when treatment considerations are being discussed.
These results establish increased individual risk of
cognitive impairment at the highest dose examined,
and also indicate that there are individuals who may
be particularly susceptible to TPM cognitive side ef-
fects at low or high doses.
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