
476

Cognitive dysfunction with prominent involvement of
memory, sustained attention, executive functions, and
information processing speed is a prevalent disabling
neuropsychologic symptom of multiple sclerosis (MS) with
prevalence of 40-65%.1 It is associated with significant disability
and impaired quality of life, adversely affecting daily activity
and role fulfillment in work and social life, independently from
physical disability,2-4 with profound socioeconomic
consequences. Cognitively impaired MS patients experience
higher rate of unemployment,4-6 and divorce5 than non-impaired
MS peers. They are more likely to be involved in accidents,
including motor vehicle crashes.7-9 Difficulties in learning and

ABSTRACT: Background: Cognitive dysfunction is one of the common clinical symptoms in multiple sclerosis (MS), but there is no
effective treatment for it. Objective: The aim of this study was to evaluate the effect of rivastigmine in treating memory and cognitive
dysfunction in MS. Methods: A single-center double-blind placebo-controlled randomized clinical trial conducted from October 2005
to February 2007. Sixty definite MS patients with cognitive impairment age 16 to 54 years were randomly allocated to receive a 12-
week treatment course of either rivastigmine (1.5 mg once a day increment over 4 weeks to 3 mg twice daily) or placebo. Response to
treatment was assessed by the Wechsler Memory Scale (WMS) at baseline and 12 weeks after start of therapy. Results: A slight, but
significant memory improvement occurred in both groups. Of the 30 patients treated with rivastigmine, the mean (SD) WMS general
memory score increased from 60.3 (4.2) at baseline to 64.9 (5.3) at the end of study period (P<0.001). Correspondingly, in the 30
patients treated with placebo, the mean (SD) WMS general memory score increased from 60.5 (4.9) to 64.5 (3.7) (P < 0.001). The
average WMS general memory score at the end of trial did not changed between rivastigmine and placebo group (mean difference, 0.4;
95% CI, -2.0, 2.8). Conclusion: No significant differences were seen between rivastigmine and placebo on the mean (SD) WMS general
memory score. A larger multicenter study of rivastigmine in MS is warranted in order to more definitely assess the efficacy of this
intervention.

RÉSUMÉ: Effets de la rivastigmine sur la mémoire et la cognition dans la sclérose en plaques. Contexte : La dysfonction cognitive est l’un des
symptômes cliniques fréquents dans la sclérose en plaques (SEP), pour lequel il n’existe aucun traitement efficace. Objectif : Le but de cette étude était
d’évaluer l’effet de la rivastigmine dans le traitement de la dysfonction mnésique et cognitive de la SEP. Méthodes : Nous avons effectué un essai
clinique randomisé à double insu, contrôlé par placebo, dans un seul centre entre octobre 2005 et février 2007. Soixante patients atteints de SEP certaine
avec atteinte cognitive, âgés de 16 à 54 ans, ont été randomisés à recevoir un traitement par la rivastigmine (1,5 mg une fois par jour avec augmentation
progressive de la dose sur une période de 4 semaines jusqu’à une dose de 3 mg deux fois par jour) ou un placebo pendant 12 semaines. Le Wechsler
Memory Scale (WMS) utilisé en début d’étude et après 12 semaines de traitement a servi à évaluer la réponse au traitement. Résultats : Une
amélioration a été observée dans les deux groupes. Cette amélioration, bien que légère, était significative. Chez les 30 patients sous rivastigmine, le
score général moyen pour la mémoire au WMS est passé de 60,3 (ÉT 4,2) avant traitement à 64,9 (ÉT 5,3) à la fin de la période de traitement (p < 0,01).
Chez les 30 patients sous placebo, le score général moyen pour la mémoire au WMS est passé de 60,5 (4,9) à 64,5 (ÉT 3,7) (p < 0,001). La moyenne
du score général pour la mémoire au WMS à la fin de l’étude n’avait pas changé significativement entre les deux groupes (différence moyenne 0,4; IC
à 95% : -2,0 à 2,8). Conclusion : Aucune différence significative du score général pour la mémoire au WMS n’a été observée entre les patients qui ont
reçu la rivastigmine et ceux qui ont reçu le placebo. Une étude multicentres de plus grande envergure sur l’utilité de la rivastigmine dans la SEP est
justifiée, afin d’évaluer de façon définitive l’efficacité de cette intervention.
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ORIGINALARTICLE

remembering new information are the most prevalent cognitive
deficits in MS.10 Cognitive impairment can be detected at early
stage of MS, occurs in all disease subtypes and tends to progress
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over time.2 Since treatment cognitive impairment can improve
quality of life and outcome, the treatment of cognitive decline in
MS is justified as an important goal.

Very little is known about effective treatments for cognitive
impairment in MS. The most frequently used drugs are disease-
modifying agents, including interferon beta-1b11,12 glatiramer
acetate,13 interferon beta-1a;14 symptomatic agents for
fatigue;15,16 and acetylcholinesterase inhibitors (AchEI).10,17,18

Donepezil, galantamine, and rivastigmine are the three
AchEIs most widely used to treat Alzheimer's disease.19,20

Donepezil and galantamine as well as physostigmine have
recently been tested in other cognitive disorders, including
MS.17,18,21-25 These reports18,21-25 suggest that AchEI drugs may
be effective as an adjunctive therapy for treatment of cognitive
decline in MS. It is hypothesized that MS cholinergic deficits
might derive from disruption of cholinergic pathways and
impaired axonal transport of acetylcholine due to demylination
and axonal transaction.26 Additional mechanisms of action may
include increases in cerebral glucose utilization. Though the
currently used AchEI have the same treatment indication they
differ pharmacologically.27 Rivastigmine induces a slow-
reversible inhibition of both AchEI and butyrylcholinestrase
(BuChE), that is sustained for at least 12 months of repeated
administration.28 Metabolism of rivastigmine occurs by its target
enzymes (AchEI and BuChE), independent of hepatic drug
metabolism cytochrome enzyme. No studies are available
assessing effectiveness of rivastigmine in treatment of cognitive
dysfunction in MS.

In the present study we evaluated the effect of rivastigmine in
the treatment of cognitive dysfunction in MS.

PATIENTS AND METHODS
This is a single-center randomized double-blind clinical trial

to compare the efficacy of rivastigmine and placebo on cognitive
impairment in MS patients.

Patients. Sixty patients who sought treatment for MS at our
neurology clinic in Al-Zahra Hospital affiliated to Isfahan
University of Medical Sciences, Iran, between October 2005 and
February 2007 were evaluated. Entry criteria included men and
women 15-55 years with a clinical or laboratory-supported
diagnosis of definite MS (19 relapsing-remitting, 31 secondary
progressive, and 10 primary progressive; mean standard
deviation (SD) duration 5.4 (3.8) years, range 1-18 years),29

stable neurological functioning for at least one month prior to
study entry and have an Expanded Disability Status Scale
(EDSS)30 score ≤6 and a willingness to continue current
medications for the duration of the study. All patients were
interviewed and tested neuropsychologically using the Wechsler
Memory Scales (WMS), a standard clinical assessment
procedure consisting of seven sub-tests that result is a summary
score.31 The WMS was chosen because it assesses cognitive
processes that are most commonly impaired in MS and translated
and validated in Farsi. The test assesses several
neuropsychological functions aside from sustained attention
including speed of information processing, speed of information
retrieval from memory stores, working memory and dual
processing. All patients displayed at least mild verbal memory
impairment as indicated by a WMS. "Concurrent anti-
depressants, antispasticity agents, anticholinergic drugs

frequently taken for urinary problems, and disease-modifying
therapies were permitted, as long as dosage had been constant for
at least one month prior to the evaluation. Patients currently
taking benzodiazepines were excluded, as these medications may
affect cognition".18 Other exclusion criteria included current
alcohol or substance abuse, history of head injury, or other
medical condition known to affect cognition. Women of
childbearing potential had to practice a clinically accepted
method of contraception. Project was approved by institutional
ethical committee and adequate informed consent obtained.

Randomization Scheme. A total of 71 patients were eligible
for the study. Eleven patients were excluded because they
refused entry. Sixty patients (27 (43.5%) men, 33 (53.2%)
women) completed their treatment without interruption and were
assigned randomly and equally to one of the two self-administer
treatment groups. Patients were randomized according to a
preexisting list produced by a computer program that differed
from a random number generator only in that it assigned equal
numbers of patients into each treatment group. The first
treatment group received rivastigmine (registered trade name of
Exelon, Novartis Pharma AG, Basle, Switzerland) 1.5 mg once
daily increment over 4 weeks to 3 mg twice daily for a total of
12 weeks. The second group received placebo for 12 weeks.
Patients were instructed to take their medication with or shortly
after food. The hospital pharmacist was informed of all
randomization assignments and was responsible for labeling the
study drug and maintaining a master list linking the patients and
their treatment assignments. In the month preceding the trial, all
patients had a pre-treatment evaluation that consisted of
obtaining demographic data, complete neurologic and medical
history, physical and neurologic examination, and previous
treatment. The patients had a mean SD age of 32.5 (8.6) years
(range 16 to 55 years). The patient allocation is shown in the
Figure.

Patient evaluation. The trial was double-blinded in that both
patient and physician who assessed the outcome were not aware
of treatment type that the patient was received. The masking of

Figure: Design of the study.

Assessed for eligibility (n=71)

Enrollment Excluded (n=11)
Refused to participate

Randomized (n=60)

Rivastigmine (n=30) Placebo (n=30)

Completed (n=30) Completed (n=30)
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Treatment group at  baselineCharacteristics

Rivastigmine (N=30)

Mean (SD)

Placebo (N=30) 

Mean (SD)

Differences

(95% CI)

Age  (years) 33.4 (9.6) 31.6 (7.6) 1.8 (-2.7, 6.2)

Duration of MS (years) 6.3 (4.1) 4.5 (3.2) 1.8 (-0.8, 3.7)

Expanded Disability Status Scale 4.0 (1.2) 3.9 (1.1) 0.1 (-0.5, 0.7)

Wechsler Memory Scale Subtests

Information 5.6 (0.6) 5.8 (0.4) -0.2 (-0.4, 0.1)

Orientation 4.9 (0.3) 4.9 (0.3) 0.0 (-0.1, 0.1)

Mental control 7.6 (1.0) 7.2 (1.0) 0.4 (-0.1, 0.9)

Logical memory 16.1 (1.8) 15.2 (2.5) 0.9 (-0.2, 2.0)

Digit span 4.6 (0.7) 5. 0 (1.0) -0.9 (-1.3, -0.5)***

Visual reproduction 8.1 (1.0) 9.7 (1.4) -1.6 (-.2.2, -1.0)***

Associative learning 13.0 (2.8) 12.0 (2.0) 1.0 (-0.3, 2.2)

General memory score 60.0 (4.2) 60.5 (4.9) -0.5 (-2.9, 1.9)

No. (%) No. (%)

Gender

Men 15 (50.0) 12 (40.0) 10.0 (-15.0, 35.0)

Women 15 (50.0) 18 (60.0) -

Education

Primary or below 11 (36.7) 7 (23.3) 13.3 (-9.6, 36.3)

Secondary 11 (36.7) 13 (43.3) 6.7 (-31.4, 18.1)

post-secondary 8 (26.7) 10 (33.3) -6.7 (-29.8, 16.5)

Marital status

Married 19 (63.3) 19 (63.3) 0.0 (-24.4, 24.4)

Single 11 (36.7) 11 (36.7) -

MS subtypes

Relapsing-remitting 9 (30.0) 11 (36.7) -6.7 (-30.5, 17.1)

Secondary progressive 15 (50.0) 16 (53.3) -3.3 (-28.6, 21.9)

Primary progressive 6 (20.0) 3 (10.0) 10.0 (-7.9, 27.9)

Concomitant medications

Interferon beta 19 (63.3) 22 (73.3) -10.0 (-33.4, 13.4)

Antidepressant 25 (83.3) 29 (96.7) -13.3 (-28.1, 1.5)

Bladder drug 19 (63.3) 19 (63.3) 0.0 (-24.4, 24.4)

Antispasmodic 22 (73.3) 20 (66.7) 6.7 (-16.5, 29.8)

the active and placebo treatments was preserved by creating
treatments that looked identical. Patients were evaluated at
baseline and 12 weeks after the start of the therapy by a qualified
neurologist to evaluate the development of side effects of the
medications, compliance of the patients, and efficacy
parameters. Assessment of the course of the disease was done by
change score in general memory score on the WMS (week 12 to
week 0). Efficacy assessments of all patients were administered
by a single rater (NZ) in the same sequence, and did not know
which patients had received which treatment.

Statistical analysis. On the basis of previous estimates of
standard deviation of recall change score 0.9,22 we calculated
that 30 patients per treatment group would be required to provide
the study with 90 percent power to detect (with a two-sided alpha

of 0.05) a mean difference in general memory score on the WMS
from baseline of 2.5. Statistical analysis was based on an
intention-to-treat principle. Comparison between groups
receiving rivastigmine and placebo was made using Student’s t-
test for independent samples; comparisons between before and
12 weeks after treatment within each group were done by paired
student’s t test. Comparisons between proportions were done by
chi-square or Fisher’s exact test. Results are expressed as mean
(SD) and P<0.05 was considered statistically significant. All
statistical tests were two-sided. The analyses were done on a
personal computer using SPSS for Windows (SPSS Inc.,
Chicago, IL, USA). There was no interim analysis of treatment
effects.

Table 1: Characteristics of patients by treatment group at baseline

*P<0.05, **P<0.01, ***P<0.001. CI=Confidence interval
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RESULTS
Sixty patients who met the entry criteria were enrolled for the

study. Patient compliance was good. The 60 patients who
completed treatment were available for follow-up at 12 weeks.
The two treatment groups were generally well matched at
baseline with regard to age, gender, duration of MS, EDSS, the
WMS general memory score and other MS characteristics. With
respect to memory, rivastigmine group scored slightly but
significantly lower on subtests of digit span and visual
reproduction (P<0.001). The mean (SD) age of rivastigmine and
placebo groups were 33.4 (9.6) and 31.6 (7.6) years, respectively.
The mean (SD) general memory score on the WMS at the start
of treatment with rivastigmine and placebo was 60.0 (4.2) and
60.5 (4.9), respectively. Mean (SD) EDSS at the start of
treatment with rivastigmine and placebo was 4.0 (1.2) and 3.9
(1.1), respectively. There was no statistically significant
difference between them (Table 1). Rivastigmine treatment was
well tolerated, with mild transient side effects that did not lead to
dropout. The most common side effects associated with
rivastigmine was nausea (six patients), dyspepsia (five patients),
anorexia (five patients), dizziness (two patients), headache (two
patients), tremor (one patient), anxiety (three patients), and
confusion (one patient), appeared at the starting dose and at
every increase of the dosage, but disappeared after the first
month of treatment. Changes of mean general memory score on
the WMS and its subtests before and after receiving rivastigmine
or placebo are shown in Table 2. In both groups, the average
WMS general memory score, as well as, on the subtests of
logical memory and associative learning significantly increased.
In placebo group, the mean WMS on subtests of information,
mental control, digit span, and visual reproduction also
increased. The average WMS general memory score increased
from baseline by 4.9 (95% CI; 3.8, 6.0) in rivastigmine,
compared to an increase of 4.0 (95% CI; 3.0, 5.0) in placebo
group.

The average general memory score on the WMS at the end of
trial did not change between rivastigmine and placebo group
(mean difference, 0.4; 95% CI, -2.0, 2.8,). With respect to
subtests on the WMS, rivastigmine group scored significantly

lower on the subtests of information (P<0.01), mental control
(P<0.001), digit span (P<0.001), and visual reproduction than
placebo group (P<0.001), but scored higher on logical memory
(P<0.05), and associative learning (P<0.001) (Table 3).

DISCUSSION
In the current study, the rivastigmine and placebo group were

similar in memory abilities, measured by WMS general memory
score. We found significant differences in WMS subtests of digit
span and visual reproduction at baseline, and information,
mental control, logical memory, digit span, visual reproduction
and associative learning at the end of the trial between
rivastigmine and the placebo group. To the best of our
knowledge, no other studies are available comparing the effect of
rivastigmine with placebo on cognitive dysfunction in MS. No
unusual or unexpected safety risks were found with rivastigmine
therapy in this population with MS. The spectrum of most
frequent adverse events is similar to previous studies that have
been reported with rivastigmine, with gastrointestinal
cholinergic side effects being most common. Earlier studies of
AchEI in MS showed promising results, despite the fact that
these studies suffer from several methodological limitations.
Earlier studies showed that donepezil improved memory in
MS.18,22,24 A double-blind placebo-controlled trial of four
patients found an improvement in verbal memory with IV
injection of physostigmine versus placebo.21 Another double-
blind, placebo-controlled study of eight memory-impaired
patients given oral physostigmine also resulted in a significant
improvement in cognition, as measured by verbal memory.23

Disease-modifying agents, including interferon beta-1b,11,12

glatiramer acetate,13 interferon beta-1a;14 and symptomatic
agents for fatigue,15,16 also have been reported in controlled
studies to have efficacy for improving memory and cognition.
The mechanisms of action of those medications that have been
proven effective in cognitive decline are varied.32 The beneficial
effects of disease-modifying drugs may occur in the short term
due to the anti-inflammatory effects of the therapy, and in the
long-term due to the protective effects on tissue damage in the
brain. In particular, disease-modifying drugs, such as beta-

Rivastigmine (n=30)

Mean (SD)

Placebo (n=30)

Mean (SD)

Wechsler Memory Scale

At baseline After therapy Differences (95% CI) At baseline After therapy Differences (95% CI)

General memory score 60.0 (4.2) 64.9 (5.3) 4.9 (3.8, 6.0)*** 60.5 (4.9) 64.5 (3.7) 4.0 (3.0, 5.0)***

Information 5.6 (0.6) 5.6 (0.6) 0.0 (-0.2, 0.2) 5.8 (0.4) 6.0 (0.2) 0.2 (0.05, 0.4)*

Orientation 4.9 (0.3) 4.9 (0.3) 0.0 (-0.1, 0.1) 4.9 (0.3) 5.0 (0.0) 0.1 (-0.03, 0.2)

Mental control 7.6 (1.0) 7.6 (1.0) 0.0 (-0.4, 0.4) 7.2 (1.0) 8.0 (1.0) 0.8 (0.5, 1.2)***

Logical memory 16.1 (1.8) 18.0 (2.0) 1.9 (1.4, 2.4)*** 15.2 (2.5) 16.4 (2.5) 1.2 (0.7, 1.7)***

Digit span 4.6 (0.7) 4.6 (0.7) 0.0 (-0.3, 0.3) 5.5 (1.0) 5.9 (0.9) 0.4 (0.2, 0.5)**

Visual reproduction 8.1 (1.0) 8.1 (1.0) 0.0 (-0.4, 0.4) 9.7 (1.4) 10.1 (1.5) 0.4 (0.1, 0.6)**

Associative learning 13.0 (2.8) 16.0 (3.5) 3.0 (2.4, 3.7)*** 12.0 (2.0) 12.9 (1.8) 0.9 (0.5, 1.2)***

Table 2: Comparison ofWechsler Memory Scale and its subtests in 60 multiple sclerosis patients before and after treatment with
rivastigmine and placebo

*P<0.05, **P<0.01, ***P<0.001. CI=Confidence interval
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interferons and glatiramer acetate, may prevent or reduce the
progression of cognitive dysfunction by containing the
development of new cerebral lesions or by reducing the
progression of brain atrophy. Assessment of neuropsychological
outcomes in trials of disease-modifying agents is a recent
phenomenon and preliminary data comes from pivotal trials on
interferon beta-1b,11,12,33 interferon beta-1a14,34 and glatiramer
acetate.13 Most trials on symptomatic agents have focused on
therapies for fatigue. Fatigue is a common symptom in MS, and
it is often associated with impairment of cognitive performance
due to reduction of glucose metabolism in the brain.15,16,35 As
suggested by Krupp et al,18 in MS, cholinergic deficits might
derive from disruption of cholinergic pathways and impaired
axonal transport of acetylcholine due to demyelination and
axonal transaction. Additional mechanisms of action may
include increases in cerebral glucose utilization.

This trial could draw criticism because of the short follow-up.
A 12-week follow-up, rather than 24 weeks as in the donepezil
trial by Krupp et al18 may be too short to appreciate the real
impact of the therapy. Assessing the efficacy in the longer-term
period is therefore warranted. Another limitation is the low dose
of rivastigmine. In patients with Alzheimer's disease,
rivastigmine is usually started with 1.5 mg twice a day, gradually
increased, up to 6 mg twice a day. However, the randomized
controlled trials of 24 weeks of rivastigmine reported
discontinuation rates in the range of 35% in patients receiving
rivastigmine at 6-12 mg/day.36,37 A total daily 3 mg of
rivastigmine is probably not enough to show its efficacy on
cognition. In the Krupp et al study,18 patients with MS were
treated with donepezil starting from 5 mg to full dose of 10 mg.
Other limitations include the use of a relatively small sample of
patients tested at a single study site. The present results clearly
need to be replicated and extended across multiple centers and
investigators in a larger scale trial, with a longer duration of
follow-up and higher dose of rivastigmine. With respect to
memory, the rivastigmine group scored slightly lower on subtests
of digit span and visual reproduction at baseline. These
differences persisted at the end of the trial. Functional MRI was

not available to our center nor was appropriate software to
calculate burden lesions of brain and brain volume and hence we
are unable to describe them. However, in almost all patients,
conventional MRI data (i.e. plaque volume, plaque localization
and brain atrophy) were compared with neuropsychological test
scores (WMS) to relate structural lesions to cognitive function.

In conclusion, the study did not show any significant
beneficial effect of rivastigmine, although results are not
conclusive due to above mentioned limitations. It is also to be
noted that the improvement of WMS performance in both the
placebo and rivastigmine group is probably due to unspecific
"practice effect", a well known phenomenon in neuro-
psychological testing.
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