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SUMMARY

Introduction Behavioural symptoms are common in moderate to severe Alzheimer’s disease (AD). We have analysed the
databases of two randomised studies with regard to the effects of memantine treatment on behavioural symptoms, measured
using the 12-item version of the Neuropsychiatric Inventory (NPI).
Subjects The monotherapy study (memantine only) reported by Reisberg et al. (2003) involved 252 patients with baseline
MMSE total score of between 3 and 14, whereas the combination study (memantine and donepezil) reported by Tariot et al.
(2004) comprised 404 patients with MMSE scores of between 5 and 14. In both studies, patients received 10 mg memantine
b.i.d. or matching placebo, and lived in the community.
Methods For both studies NPI total and individual domains scores were analysed in the ITT population. For the mono-
therapy study a dichotomised analysis was performed separately for patients who had behavioural symptoms at baseline and
for those without pre-existing symptoms. Furthermore, a factor analysis was used to identify any behavioural clusters within
the patient population.
Results In both studies, the change in NPI total scores at endpoint was consistently in favour of memantine treatment,
reaching statistical significance in the combination study ( p¼ 0.002). Memantine treatment showed a significant beneficial
effect in comparison to placebo treatment in the NPI agitation/aggression domain in both studies ( p¼ 0.008; p¼ 0.001).

The dichotomised analysis of the monotherapy study showed that there was significantly less agitation/aggression emer-
ging in the memantine-treated group compared to placebo ( p¼ 0.003). Factor analysis showed that hyperactivity accounted
for 27% of the data variance.
Conclusions Memantine has a beneficial effect on the behavioural symptoms of patients with moderate to severe AD, with
the most pronounced effect on agitation/aggression. Copyright # 2005 John Wiley & Sons, Ltd.
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INTRODUCTION

The symptomatology of AD changes over the course
of the disease. Cognitive symptoms, most specifically
a progressive loss of short-term memory, predominate
in the milder stages of AD, while the clinical features
of more advanced AD are marked by behavioural
disturbances and increasing functional deficiencies.
The non-cognitive behavioural manifestations of the

disease, such as mood disorders, anxiety, psychotic
features, and agitation/aggression are often as great
a burden as the cognitive decline for the patients
and their families or caregivers. Psychotic symptoms
and agitation/aggression can increase the caregiver
burden enormously and often become the determining
factors for nursing home placement (Ferris et al.,
1987).

After its approval in Europe memantine was also
registered by the FDA for the treatment of moderate
to severe AD and is the only drug worldwide
approved for this indication. Memantine is a specific,
moderate affinity, uncompetitive N-methyl-D-aspar-
tate (NMDA) receptor antagonist, with strong voltage
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dependency and rapid blocking/unblocking kinetics.
These features allow memantine to block the sus-
tained activation of NMDA receptors by elevated
concentrations of glutamate under pathological con-
ditions, but rapidly leave the NMDA channel upon
transient physiological activation by millimolar con-
centrations of synaptic glutamate (Parsons et al.,
1993). These properties are thought to be the basis
for the excellent tolerability of memantine in clinical
use. Memantine has no direct effects on cholinergic
neurotransmission and is the only compound in clin-
ical use for AD that targets the glutamatergic system.

Memantine has shown efficacy in two studies in the
moderate to severe AD patient population (Reisberg
et al., 2003; Tariot et al., 2004). In these studies, the
effects of memantine on behaviour were assessed
using the Neuropsychiatric Inventory (NPI). The pre-
sent paper is based on the study databases, including a
number of subanalyses.

METHODS

Patients and study design

Effects of memantine on behaviour were analysed in
databases of two clinical trials. A 28-week study in
252 moderate to severe AD patients, who received
memantine (20 mg/day) or placebo (Reisberg et al.,
2003) and a 24-week study, where 404 patients with
moderate to severe AD who have been under donepe-
zil treatment for at least 6 months and on stable done-
pezil doses (5 or 10 mg/day) for at least 3 months and
throughout the trial, received memantine (20 mg/day)
or placebo. Both studies were randomised, double-
blind, placebo-controlled clinical investigations, and
detailed descriptions of methods and patient eligibil-
ity have been published previously (Reisberg et al.,
2003; Tariot et al., 2004).

Behavioural outcome measure

Neuropsychiatric inventory (NPI)—12-item version
The NPI was developed to assess behavioural distur-
bances occurring in dementia patients (Cummings
et al., 1994). In both studies analysed here, the NPI
was employed as a measure of behavioural status in
AD.

The modified NPI consists of 12 domains/subscales
that are designed to rate specific behavioural
characteristics (delusions, hallucinations, agitation/
aggression, depression/dysphoria, anxiety, elation/
euphoria, apathy/indifference, disinhibition, irritabil-
ity/lability, aberrant motor behaviour, night-time

behaviour, and appetite/eating change) (Cummings,
1997).

Data are obtained through an interview with the
patient’s carer. For each domain, the frequency and
severity of each behaviour type is rated, and the
domain score is calculated by multiplying severity
by frequency. Severity is rated from ‘mild’ (1) to
‘severe’ (3), and frequency from ‘occasionally’ (1)
to ‘very frequently’ (4). If the symptom is absent,
the domain scores equals to zero (0).

The NPI total score is the sum of the individual
domain scores and ranges from 0-144 with higher
scores indicating more severe psychopathology.

Patients were assessed for change from baseline to
Week 28 (endpoint) in the monotherapy study, and
from baseline to Week 24 (endpoint) in the combina-
tion study.

Post hoc statistical analyses

NPI analysis (Monotherapy and Combination study).
NPI data were analysed using statistical software
SAS version 8.2. All statistical tests were two-sided,
and p-values� 0.05 were considered statistically
significant. No adjustment was made for multiple
testing.

Categorical analysis (monotherapy study). Two cate-
gorical analyses were carried out to assess the impact
of treatment relative to the presence or absence of
symptoms at baseline. Symptom prevalence at base-
line was calculated by dividing the number of patients
with the symptom by the total number of patients
available for that assessment. The two categories
were:

* Symptom improvement i.e. lower NPI item score
at study endpoint than at baseline—included only
patients who exhibited the symptom at baseline
(NPI item score> 0)

* Symptom emergence i.e. appearance of a new
symptom (NPI item score> 0) at some point post-
baseline—included only patients who did not have
the symptom at baseline (NPI item score¼ 0)

Treatment differences between groups were
assessed using the Cochran-Mantel-Haenszel Test
Row Means Score with Modridit scoring.

Factor analysis (monotherapy study). The baseline
scores of the 12 individual NPI items were submitted
to a factor analysis with the aim of detecting
behavioural subsyndromes in concordance with lit-
erature (Aalten et al., 2003).
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The individual NPI items were submitted to a prin-
cipal component analysis using an orthogonal rota-
tional procedure (Varimax). Initial factors were
selected on the basis of eigenvalues greater than 1.
Factor loadings� 0.45 were included, and three fac-
tors were selected.

Safety

The main results of the safety and tolerability ana-
lyses in these studies have been published previously
(Reisberg et al., 2003; Tariot et al., 2004). In sum-
mary, patients underwent neurological and physical
examinations, and were assessed using vital signs,
ECG, and laboratory tests. The occurrence of adverse
events and discontinuations were also recorded.

RESULTS

Baseline characteristics

The study populations comprised 252 randomised
patients in the monotherapy study, and 404 rando-
mised patients in the combination study.

In both studies, baseline characteristics were simi-
lar between the two treatment groups (Table 1).

NPI scores

NPI-total scores. The change from baseline in NPI
total score showed a statistically significant advantage
for memantine-treated patients over placebo-treated
patients in the combination study at Week 24
( p¼ 0.002) (Tariot et al., 2004). This was consistent
with the numerical advantage seen for memantine-
treated patients in the monotherapy study (Reisberg
et al., 2003).

NPI domain scores. Nine out of 12 domain scores
favoured memantine treatment over placebo in the
monotherapy study and 10 out of 12 in the combina-
tion study. In both studies, analysis of the individual
NPI domains from baseline to endpoint revealed a sta-

tistically significant benefit for memantine-treated
patients in the domain of agitation/aggression
( p¼ 0.008 monotherapy study; p¼ 0.001 combina-
tion study).

In addition, memantine produced a statistically sig-
nificant improvement in the domains of delusions
( p¼ 0.04 monotherapy study), irritability/lability
( p¼ 0.005 combination study), appetite/eating change
( p¼ 0.045 combination study), and a trend towards
improvement in the depression/dysphoria domain
( p¼ 0.07 monotherapy study) (Figure 1).

Categorical analysis

At baseline, the prevalence of each behavioural sub-
type (NPI domain) was similar between the meman-
tine- and placebo-treated groups (Figure 2) with the
notable exception in the monotherapy trial that the
memantine group had a significantly higher preva-
lence of delusions at baseline ( p¼ 0.015, Fisher’s
exact two-sided) and appetite/eating change ( p¼
0.003, Fisher’s exact two-sided), when compared with
the placebo group.

Data from the monotherapy study showed a signif-
icant emergence of agitation/aggression in the pla-
cebo group, which was much less pronounced in the
memantine group ( p¼ 0.008) (Figure 3). Consistent
with this finding, categorical analysis of symptom
improvement from baseline revealed that meman-
tine-treated patients showed improvement in the agi-
tation/aggression domain, when compared to the
placebo group (Figure 4).

Factor analysis

A factor analysis has been conducted in order to
investigate whether patents included in this study
reflect a representative group of AD patients with
respect to their behavioural disturbances.

Principal component analysis of the NPI data
reduced the 12 NPI domain variables to three factors
(factors were selected on the basis of preexisting

Table 1. Baseline demographics and characteristics (all randomised patients)

Characteristic Monotherapy study Combination study

Memantine Placebo Memantine* Placebo
(n¼ 126) (n¼ 126) (n¼ 202) (n¼ 201)

Age, years (�SD) 75.9 (� 8.40) 76.3 (� 7.76) 75.5 (� 8.45) 75.5 (� 8.73)
No. female (%) 91 (72) 79 (63) 128 (63) 134 (67)
No. Caucasian (%) 112 (89) 115 (91) 182 (90) 186 (93)
MMSE score, mean (� SD) 7.7 (� 3.72) 8.1 (� 3.57) 9.9 (� 3.13) 10.2 (� 2.98)
NPI total score, mean (�SD) 21.4 (� 15.83) 19.5 (� 15.55) 13.7 (� 14.05) 13.9 (� 12.78)

*One patient withdrew before receiving study medication.
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factorial solutions), thereby suggesting three beha-
vioural subsyndromes—hyperactivity, psychosis and
mood apathy. Factor 1 (hyperactivity) accounted for
26.8% of the data variance, with high loadings in
domains including agitation/aggression, depression/
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Figure 1. Mean change from baseline in NPI-domain scores (ITT,
LOCF) (a) Monotherapy study; (b) Combination study
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Figure 2. Prevalence of behavioural symptoms at baseline
(monotherapy study)
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Figure 3. Emergence of behavioural symptoms from baseline
(monotherapy study)
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dysphoria, anxiety, and irritability/lability, apathy/
indifference and appetite/eating change. Factor 2
(psychosis) represented 11.8% of the data variance
and included high loadings in the domains of delu-
sions and hallucinations. Factor 3 (mood/apathy)
represented 10.4% of the data variance and included
high loadings in elation/euphoria, disinhibition, and
apathy/indifference.

Safety and tolerability

As previously reported, most adverse events were
mild to moderate in severity. In the monotherapy
study, considering the most frequently reported
adverse events (Table 2), memantine-treated patients
experienced significantly fewer episodes of agitation
than those receiving placebo ( p¼ 0.02, chi-square
test) (Reisberg et al., 2003).

Results from the combination study showed that no
adverse events occurred in more than 10% of patients
in the memantine group. Agitation occurred in 24
patients receiving placebo (11.9%), and in 19 patients
receiving memantine (9.4%).

In the monotherapy study, 22 placebo-treated
patients (17%) discontinued therapy due to adverse
events, compared to 13 patients (10%) receiving
memantine. Agitation was cited as the most common

reason for discontinuation (7% placebo patients, 5%
memantine patients).

In the combination study, 15 patients (7%) discon-
tinued treatment due to adverse events, compared to
25 patients (12%) from the placebo group. Agitation
as reason for study discontinuation was given in three
patients (1.5%) of the placebo-treated patients com-
pared to two patients (1%) of the memantine treated
patients.

DISCUSSION

Neuropsychiatric symptoms associated with dementia
are being increasingly recognised as a major compo-
nent of the burden for families and patients with AD.
Agitation/aggression in particular has been associated
with frontal lobe dysfunction in AD and has a marked
impact on caregivers (Senararong et al., 2004). The
analyses presented here demonstrate the benefits of
memantine treatment on various neuropsychiatric
symptoms associated with dementia with pronounced
effects on agitation/aggression. Atypical neuroleptics
have been shown to be useful in the management of
some aspects of neuropsychiatric symptoms asso-
ciated with dementia, including agitation/aggression.
However, the safety of these drugs is under review
(Profenno and Tariot, 2004). Cholinesterase inhibitors
have been shown to have some effects on neuropsy-
chiatric symptoms associated with dementia (Wynn
and Cummings, 2004). In a double-blind study com-
paring donepezil to placebo in ‘moderate to severe’
AD (baseline MMSE 5-18, mean of 12; baseline mean
NPI 12-item total 19) (Feldman et al., 2001), there
was improvement in NPI total score and of the three
domains of apathy/indifference, anxiety and depres-
sion/dysphoria, although there was no significant dif-

Table 2. Most frequently reported adverse events (monotherapy
study)#

Adverse event No. patients (%)

Memantine Placebo
(n¼ 126) (n¼ 126)

Any adverse event 106 (84) 109 (87)
Agitation 23 (18)* 40 (32)
Urinary incontinence 14 (11) 14 (11)
Urinary tract infection 7 (6) 17 (13)
Insomnia 13 (10) 10 (8)
Diarrhoea 12 (10) 10 (8)

Reproduced by permission of New England Journal of Medicine.
#Adverse events occurring in at least 10% of the patients in either
treatment group.
*p¼ 0.02 vs placebo (chi-square test), all other adverse events
showed no significant difference between groups.
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Figure 4. Improvement of behavioural symptoms from baseline
(monotherapy study)
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ference for rates of symptom emergence (Gauthier et
al., 2002). A sub-analysis of a pivotal double-blind
study comparing galantamine to placebo in mild to
moderate AD (MMSE 10–22, mean of 18; Mean
NPI 10-item total 12) showed a significant reduction
in the emergence of aberrant motor behaviour, apathy
and disinhibition (Cummings et al., 2004a). In con-
trast to cholinesterase inhibitors, the effect of meman-
tine on neuropsychiatric symptoms associated with
dementia was especially pronounced in the domain
agitation/aggression (Cummings et al., 2004b).

Aalten et al. (2003) showed in a factor analysis that
dementia is associated with specific behavioural sub-
syndromes. The subsyndromes identified in this paper
are comparable with the behavioural subsyndromes
described by Aalten et al. (2003). This shows that
the patients included in the monotherapy study are
representative for AD patients in general with respect
to their behavioural disturbances.

The effects of memantine on agitation/aggression
was observed either as a reduction if present at onset
of treatment or as a delay in emergence in asympto-
matic patients. This anti-agitation/aggression effect
of memantine appears to be unique as compared to
other class of drugs used for the management of neu-
ropsychiatric symptoms associated with dementia,
and the excellent safety profile of memantine could
justify an increasing use of this agent, as monotherapy
or even in combination with cholinesterase inhibitors.

In addition, the use of memantine may allow a
reduction in concomitant medications, including neu-
roleptics. Since agitation/aggression is one of the
major factors determining institutionalisation (Ferris
et al., 1987), the benefit of memantine on this symp-
tom might translate into a reduction of resource
utilisation and health costs. A significant reduction
in caregiver time and costs as well as societal costs
was shown in the pharmacoeconomic evaluation of
the monotherapy study (Wimo et al., 2003). This
study also showed that time to institutionalisation
and institutionalisation at endpoint was favourable
for patients under memantine treatment in compari-
son to placebo treatment.

Further studies are required to confirm the anti-agi-
tation/aggression actions of memantine and explain
this action.
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Feldman H, Gauthier S, Hecker J, Vellas B, Subbiah P, Whalen E,
and the Donepezil MSAD Study Investigators Group. 2001. A
24-week, randomized, double-blind study of donepezil in mod-
erate to severe Alzheimer’s disease. Neurology 57: 613–620.

Ferris SH, Steinberg G, Shulman E, Kahn RN, Reisberg B. 1987.
Institutionalization of Alzheimer’s disease patients: reducing
precipitating factors through family counseling. Home Health
Care Serv Q 8: 23–51.

Gauthier S, Feldman H, Hecker J, et al., and the Donepezil MSAD
Study Investigators Group. 2002. Efficacy of donepezil on beha-
vioral symptoms in patients with moderate to severe Alzheimer’s
disease. Int Psychogeriatr 14: 389–404.

Parsons CG, Gruner R, Rozental J, Millar J, Lodge D. 1993. Patch
clamp studies on the kinetics and selectivity of N-methyl-D-
aspartate receptor antagonism by memantine (1-amino-3,5,-
dimethyladamantan). Neuropharmacology 32: 1337–1350.

Profenno LA, Tariot PN. 2004. Pharmacologic management of agi-
tation in Alzheimer’s disease. Dement Geriatr Cogn Disord 17:
65–77.
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KEY POINTS

* Memantine has demonstrated benefits on
behavioural symptoms in Alzheimer’s disease

* Improvement on agitation appears to be the
main behavioural effect of memantine in
studies conducted up to now
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