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SUMMARY

Background Alzheimer’s disease (AD) is the leading cause of dementia and its course renders patients functionally dis-
abled. Memantine is the first drug to demonstrate a clinical benefit in the treatment of patients with moderately-severe to
severe AD.
Objectives Our objective was to illustrate the benefits of memantine on functional disability.
Methods We classified 252 patients from a randomised 28-week clinical trial of memantine vs placebo according to their
Activities of Daily Living capabilities measured by the ADCS-ADLsev scale. The scale was divided into two sub-scores:
basic and instrumental. The relevance of this classification was validated by comparing clinical and socio-demographic para-
meters between the different autonomy classes (autonomous and dependent). The effect of memantine was estimated by
using a logistic regression model on the autonomy status of patients at week 28, controlling for confounding factors
(Observed Cases analysis).
Results Our results showed that dependent patients (n¼ 106) had significantly longer disease duration, poorer cognition,
greater severity, more behavioural alterations and higher total societal costs compared with autonomous patients (n¼ 146).
When controlling for autonomy and severity at baseline, memantine-treated patients were three times more likely [Odds
Ratio (OR)¼ 3.03; 95% Confidence Intervals (CI)¼ (1.38, 6.66)] to remain autonomous after 28 weeks. Analysis of the
Treated Per Protocol set and the use of Last Observation Carried Forward analyses confirmed this finding.
Conclusions Memantine enhances autonomy in patients with moderately-severe to severe AD by increasing the probabil-
ity of their remaining autonomous, therefore delaying transition to the dependent stage. Copyright # 2004 John Wiley &
Sons, Ltd.
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INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of
dementia and is characterised by the progressive dete-
rioration of cognition, behaviour, mood and learning
abilities. Its course renders patients functionally dis-
abled; a condition that is defined as ‘any restriction

or inability to perform an activity in the manner or
within the range considered normal for a human
being’ (World Health Organisation, 1980). From both
clinical and regulatory perspectives, measuring the
level of a patient’s functional disability is becoming
a primary criterion for assessing the benefit of any
AD drug.

Memantine is a voltage-dependent, moderate-
affinity, uncompetitive N-methyl D-aspartate (NMDA)
receptor antagonist, which blocks the effect of patho-
logically elevated tonic levels of glutamate that may
lead to neuronal dysfunction (Danysz et al., 2000).
It is the first molecule to demonstrate a clinical benefit
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in the treatment of patients with moderately-severe to
severe AD (Winblad et al., 1999; Reisberg et al.,
2003).

Currently, functional levels are measured by Activ-
ities of Daily Living (ADL) scales that provide only
quantitative scores that may be vulnerable to different
interpretations. Additionally, differences in scores
arise when comparing treatment arms or consecutive
assessments. This further complicates interpretation.
Because there is no consensus, no specific ADL scale
is recommended (Gauthier et al., 1997). Most scales
assess various activities associated with daily living.
We can make a distinction between the activities as
they relate to self-care [Basic Activities of Daily Liv-
ing (B-ADL)] as well as environmental adaptation
[Instrumental Activities of Daily Living (I-ADL)].
B-ADLs are simple activities (eating, dressing one
self, transferring, bathing), whereas I-ADLs are more
complex activities (using the telephone, preparing a
meal, doing the washing).

In order to simplify the interpretation of patient
evolution through the course of the disease, Kurz
et al. (2003) recently developed a new qualitative eva-
luation of AD patients based on their autonomy eval-
uated from ADL scores. This classification allows
evaluation of AD patients over the continuum of the
disease. The progression of the disease can be clearly
measured by the transitions between different states,
instead of by differences in quantitative scores alone.

We applied this methodology to evaluate the treat-
ment effect of memantine on functional disability in a
double-blind randomised clinical trial (Reisberg et al.,
2003).

PARTICIPANTS AND METHODS

The study population consisted of 252 patients who
scored between 3 and 14 (inclusive) on the Mini-
Mental State Examination (MMSE) (Folstein et al.,
1975) scale at baseline and was derived from a rando-
mised double-blind clinical trial that studied the effi-
cacy and long-term tolerability of memantine 20 mg
daily vs placebo for a period of 28 weeks (Reisberg
et al., 2003). This study also collected socio-
demographic, economic and patient AD history data.

Patient classification

Activities of Daily Living (ADL) were assessed in
the clinical study using the Alzheimer’s Disease
Cooperative Study Activities of Daily Living Inven-
tory (ADCS-ADL) (Galasko et al., 1997) modified
for more severe dementia (ADCS-ADLsev) (Galasko

et al., 2000). Using the nearest centroid sorting algo-
rithm (SAS PROC FASTCLUS, SAS Institute Inc.,
Cary, NC), all patients were classified according to
their basic and instrumental ADL (B-ADL and
I-ADL respectively) capabilities. This followed the
approach used by Kurz et al. (2003) to simplify the
interpretation of a patient’s functional evolution.
Basic and instrumental scores were constructed from
the ADCS-ADLsev scale. B-ADLs were calculated
as the sum of all basic activities (such as eating,
walking, bathing, grooming, dressing and toileting)
contained in the full scale. I-ADLs were calculated
as the sum of all the instrumental activities contained
in the ADCS-ADLsev scale. The scores for all
patients were standardised (mean¼ 0; SD¼ 1) to
attribute the same importance to the two scores.
Using these two scores, an automatic patient classifi-
cation was performed. The classification algorithm
first computed the cluster seeds and then iteratively
assigned each patient to the cluster with the nearest
seed. This classification method provided an explicit
formulation of an autonomy criterion as the set of all
right bisectors between two cluster seeds. For each
new patient, each right bisector between two cluster
seeds determined to which cluster the patient was
nearest. By comparing the information for all right
bisectors, the autonomy status of each patient was
determined.

The number of clusters was determined by
maximising the pseudo F statistic, limiting the num-
ber of clusters to five in order to avoid interpretation
problems.

External validity of the classification

The classification scheme was validated by compar-
ing baseline characteristics of the patients between
the different clusters, assuming that a relevant auton-
omy definition would influence these domains. These
included patient age, gender, disease duration and
onset, as well as clinical assessments, costs and care-
giver time.

Clinical assessments covered several aspects of the
disease. Cognitive function was measured using
the MMSE and Severe Impairment Battery (SIB)
(Panisset et al., 1994; Schmitt et al., 1997) scales.
Behavioural symptoms were assessed using the Neu-
ropsychiatric Inventory (NPI) (Cummings et al.,
1994) and the degree of severity was determined
using the Functional Assessment Staging scale
(FAST) (Sclan et al., 1992) and the Global Deteriora-
tion Scale (GDS) (Reisberg et al., 1982). The Clini-
cian’s Interview Based Impression of Change Plus
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Caregiver Input (CIBIC-plus) (Reisberg et al., 1997)
scale was used as a primary efficacy outcome in the
clinical trial. However, since this scale is designed
to measure the patient’s evolution, it could not be used
to compare the different clusters.

The Resource Utilisation in Dementia (RUD)
(Wimo et al., 1998) questionnaire assessed resource
use. Unit costs corresponding to each resource were
taken from the study conducted by Wimo et al.
(2003) and are expressed in $US (1999). The RUD
questionnaire also included a part that measured the
mean monthly time spent by the caregiver in help-
ing/assisting the patient.

Cluster differences were verified using a Wilcoxon-
Mann–Whitney test for quantitative data because
most of the scores were not normally distributed as
required by the Student test. A chi-square test was
used for qualitative data. The basic level of signifi-
cance of both tests was 5% (bilateral) adjusted by
the Bonferoni method according to the number of
tests required to compare each pair of clusters.

Evaluation of the impact of memantine on
patient autonomy level

Basic and instrumental scores at the end of the dou-
ble-blind period were computed according to the
Observed Cases (OC) method. Based on these scores
and by applying our criterion, the autonomy level of
patients at week 28 was determined. The effect of
memantine after 28 weeks of treatment on the prob-
ability of a patient being in a particular autonomy
level was estimated by logistic regression. Initially,
the following covariates were included: B-ADL,
I-ADL scores and severity (moderately severe:
MMSE �10 or severe: MMSE <10) at baseline, study
treatment (memantine 20 mg daily or placebo), age,
gender, duration and early onset (before the age of
65 years) of the disease. We used a backward elimina-
tion process, retaining variables at the p¼ 0.05 level
to specify the final model. The backward elimination
process allowed the retention of only significant
explanatory covariates in the model and the removal
of covariates that added noise. The Hosmer and
Lemeshow goodness-of-fit statistic was used to assess
the model fit. The global predictive performance of
the model was estimated by using the c-statistic (area
under the Receiver Operating Characteristic curve).
Additional analyses using the Treated Per Protocol
(TPP) population and the Last Observation Carried
Forward (LOCF) method for the two ADL scores
were conducted in order to confirm the robustness
of the results. Five patients (two in the memantine

group and three in the placebo group) had no post-
baseline assessment for the ADCS-ADLsev scale
and were therefore excluded from these analyses.

RESULTS

The maximization of the pseudo F statistic enabled
patients to be classified into only two clusters.
(Table 1) Out of the 252 patients included in the trial,
a total of 106 patients were allocated to Cluster 1 and
146 patients to Cluster 2. By definition, the cluster
with the lowest scores (Cluster 1) contained the
dependent patients and Cluster 2 the autonomous
patients (Table 2 and Figure 1; note that B-ADL
scores varied between 1 and 19, while I-ADL scores
varied between 1 and 31).

Since the classification process resulted in two
classes, the autonomy criterion consisted of only

Table 1. Number of clusters and pseudo F statistic

Number of Clusters Pseudo F Statistic

2 313
3 281
4 257
5 258

Figure 1. Bubble diagram of I-ADL score vs B-ADL score and
identification of clusters (the area of bubbles is proportional to the
number of patients)

Table 2. Basic and Instrumental ADL scores—per cluster

Autonomous n¼ 106 Dependent n¼ 146

Basic score
Mean (SD) 14.4 (2.5) 8.4 (3.3)
Range 8–19 1–15

Instrumental score
Mean (SD) 19.7 (4.6) 9.08 (4.3)
Range 10–31 1–18
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one equation (right bisector between the seeds of the
two clusters). If I-ADLþ 1.6�B-ADL> 32.4, then
the patient was autonomous otherwise the patient
was dependent.

No significant differences between autonomous
and dependent patients were found for gender (chi-
square p¼ 0.134) or age (Wilcoxon-Mann–Whitney
p¼ 0.106). Sixty-two percent of the dependent
patients were female compared to 71% of the auton-
omous patients. Dependent patients (mean age¼
77.9, SD¼ 7.4) were slightly older than autonomous
patients (mean age¼ 75.9, SD¼ 8.4).

Duration of illness was significantly higher
(Wilcoxon-Mann–Whitney p¼ 0.033) for dependent
patients (mean¼ 5.8 years, SD¼ 3.4) than for auton-
omous patients (mean¼ 5.1 years, SD¼ 3.9). Early
onset of the disease (before age 65) was not signifi-
cantly different (chi-square p¼ 0.547) between
autonomous (24.0% with early onset) and dependent
patients (20.8%).

Statistically significant differences appeared
between autonomous and dependent patients on the
MMSE, SIB, FAST, GDS and NPI scales at baseline
(Table 3). All differences were in favour of autono-
mous patients thereby indicating that these patients
have significantly less cognitive, functional and beha-
vioural disturbances than dependent patients.

Caregiver time and societal costs were significantly
greater for dependent patients than for autonomous
patients (Table 4). Moreover, there were a higher pro-

portion of institutionalised patients in the dependent
group (10.5%) than in the autonomous group
(5.7%). However, this difference did not reach statis-
tical significance.

As the automatic classification consistently sepa-
rates autonomous from dependent patients, we
applied this criterion to obtain the autonomy status
of patients at the end of the study (28 weeks).

After adjustment for B-ADL and I-ADL scores at
baseline, only treatment and baseline severity had a
significant impact on patient autonomy at week 28.
Odds ratios (OR) and the corresponding 95% confi-
dence intervals (CI) of these effects are presented in
Table 5. When controlling for B-ADL and I-ADL
scores and severity at baseline, a patient treated with
memantine was more than three times as likely
[OR¼ 3.03; 95%CI¼ (1.38, 6.66)] to be autonomous
after 6 months.

The goodness-of-fit test revealed no significant
inadequacy between the model and the data
( p¼ 0.426) and the model showed accurate predic-
tive characteristics (C-statistic¼ 0.884).

Additional analyses using the TPP population (78
placebo patients and 93 memantine patients) or the
LOCF computation method (on the 247 patients hav-
ing at least one post-baseline ADCS-ADLsev assess-
ment) showed similar results. In both cases
memantine had a significant benefit on patient auton-
omy at week 28.

Several differences with the OC analysis were
noticed. The two confirmatory analyses revealed that
severity at baseline had no significant effect on auton-
omy at week 28. It was therefore eliminated from the
logistic model during the backward selection process.
The Wald chi-square of severity at baseline at its elim-
ination from the logistic model was 0.188 for the TPP
population and 0.060 for the LOCF computation
method. Finally, early onset of the disease signifi-
cantly decreased the odds of being autonomous at
week 28 when considering the TPP population.
Results of the logistic regression on the TPP popula-
tion are presented in Table 6, and results using the
LOCF method are presented in Table 7.

Table 3. The influence of autonomy on cognitive, behavioural,
and functional scales at baseline

Autonomous Dependent Wilcoxon-Mann–
Mean (SD) Mean (SD) Whitney p

MMSE 8.9 (3.6) 6.6 (3.2) <0.001
SIB 75.8 (16.6) 55.1 (22.3) <0.001
FAST* 2.2 (1.0) 3.7 (1.3) <0.001
GDS 5.4 (0.5) 5.8 (0.4) <0.001
NPI 17.4 (13.0) 25.4 (17.6) <0.001

*The FAST scores were calculated by enumerating the FAST stages
and substages as follows: stage 3 (a score of �2) through 5 (0) and
substage 6a (1) through substage 7f (11).

Table 4. The influence of autonomy upon resource use at baseline

Autonomous Dependent Wilcoxon-Mann–
Mean (SD) Mean (SD) Whitney p

Total caregiver time 377 (264) 533(228) <0.001
(Hours per month)

Total societal cost 6937 (4769) 9733 (4538) <0.001
(Monthly cost in

1999 USD)

Table 5. Odds ratio and confidence limits of the effects of the
logistic regression model (OC analysis)

Covariate Odds Confidence Wald
ratio intervals (95%) p-value

Treatment: memantine 3.03 1.38–6.66 0.006
vs placebo
Severity: moderately- 2.22 1.06–4.65 0.035
severe vs severe
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The characteristics of the two models are presented
in Table 8. In both cases, no significant inadequacy
between the model and the data appeared and the
models showed accurate predictive characteristics.

DISCUSSION

The benefit evaluation of a drug for the treatment of
AD is particularly difficult to assess when applied to
severely ill patients. The automatic classification pro-
cess led to a clearer understanding of a patient’s func-
tional evolution by converting quantitative ADL
scores into either dependent or autonomous classes.
This revealed that memantine increases the odds of
moderately-severe to severe AD patients being auton-
omous after 28 weeks, thus delaying transition to the
dependent stage.

The reliability of our findings was ensured by both
the design of the study (a randomised, double-blind,
placebo-controlled clinical trial) (Reisberg et al.,
2003) and the method used to estimate the benefit
of memantine. The benefit was evaluated by a logistic
regression model controlling for other factors identi-
fied as having an impact on autonomy. The model
correctly fitted the observed data and showed ac-

curate predictive characteristics. Furthermore, the
robustness of the results was reconfirmed by TPP
and LOCF analyses. Since AD is a neurodegenerative
disease, the LOCF method artificially overestimates
the clinical state of dropout patients by simulating sta-
bility where deterioration is more likely to occur. As
such, it gives an advantage to the treatment arm with
the higher dropout rate. As shown in the Reisberg
et al. (2003) study, the placebo dropout rate (33%)
was 10% higher than the memantine dropout rate
(23%). This additional analysis gave conservative
results, and the fact that memantine showed a signifi-
cant effect on autonomy (despite the difference in
dropout rates between the two treatment groups)
further strengthens the reliability of our findings.

Our conception of autonomy could be appraised
from wider perspectives; for instance, the fact that
we used only ADL measurements could be seen as
a possible restriction to our definition. Nevertheless,
we showed that the autonomy criterion is associa-
ted with all other clinical measures, whether they
concern the level of severity or the cognitive, neuro-
psychiatric or functional domains. Consequently, we
provide an additional and perhaps more balanced
appraisal of a patient’s clinical state, which is corre-
lated with all clinical dimensions of the disease. The
relevance of ADL measures has been clearly estab-
lished and the Committee for Proprietary Medicinal
Products (CPMP) guidance on new medicines for the
treatment of AD (Committee for Proprietary Medic-
inal Products, 1997) recommends that significant
improvement on functional and global endpoints
can be considered as primary evidence of clinically
relevant symptomatic improvement.

No Quality of Life (QoL) assessment was recorded
during the course of the clinical trial, so no correlation
between the patient’s autonomy and their QoL or the
QoL of their caregiver could be established. However,
no consensus exists as to the choice of a scale for
assessing the QoL of patients or their caregivers
(Salek et al., 1998). Moreover, the time spent by the
caregiver in assisting/helping the patient with their
daily activities could be considered as a proxy mea-
surement for caregiver QoL. Dependent patients
required a significantly greater amount of caregiver
time than autonomous patients. This fact alone tends
to show that caregivers of autonomous patients may
have a better QoL than caregivers of dependent
patients.

Furthermore, dependent patients incurred higher
costs than autonomous patients. In addition to clinical
appraisals, autonomy—as we defined it—appears as
a means to identify the socioeconomic aspects of care.

Table 6. Odds ratio and confidence limits of the logistic regression
model (TPP)

Covariate Odds Confidence Wald
ratio intervals (95%) p-value

Treatment: memantine 2.88 1.15–7.23 0.024
versus placebo

Onset: >65 years 3.24 1.19–8.86 0.022
old vs �65

Table 7. Odds ratio and confidence limits of the logistic regression
model (LOCF)

Covariate Odds Confidence Wald
ratio intervals (95%) p-value

Treatment: memantine 2.31 1.12–4.76 0.023
vs placebo

Table 8. Characteristics of the logistic regression models

Goodness-of-fit test C-statistic

OC 0.426 0.884
TPP 0.964 0.896
LOCF 0.357 0.891
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Most of these findings are consistent with those
found by Kurz et al. (2003). The only discrepancies
concern age and institutionalisation, which were asso-
ciated with autonomy level in the Kurz et al. study
and revealed only trends toward association in the
present study. However, since our study population
was taken from a clinical trial, and as such is more
restricted than the population as a whole, it was far
more homogenous than the Kurz et al. population
(e.g. only AD vs all dementias, moderately-severe
to severe patients vs all severities, etc.). Moreover,
very few patients were institutionalised in both auton-
omy groups, making it harder to detect any difference
between them.

The case of borderline patients may also raise an
issue. Actually, two patients can be assigned to differ-
ent autonomy groups even if they present similar B-
ADL and I-ADL scores supposing they are close
enough to the borderline separating the two groups.
However, despite the natural loss of information
resulting from the classification process (not possible
to determine exactly the basic and instrumental ADL
scores when only the autonomy level of a patient is
known), as in the Kurz et al. study, we obtained a rele-
vant definition of autonomy. This definition appears to
have a central role because it is connected to the
major dimensions of the disease: severity, cognitive,
functional, behaviour and costs and burden of care.
A posteriori, classification is justified even if assign-
ing borderline patients to one of the two groups may
appear arbitrary.

In conclusion, by enhancing autonomy, memantine
may reduce costs and decrease the overall burden of
care. Wimo et al. (2003) have previously shown that
memantine decreased the costs and burden of care. It
is possible that the effect of memantine on autonomy
can partially explain these findings.

Previous cost-effectiveness studies for AD treat-
ments have used the amount of time expended until
a patient transits to the severe stage as the measure
of efficacy (Stewart et al., 1998; Neumann et al.,
1999). However, this method is not applicable for
patients already in the severe stage; those patients
for whom memantine is indicated. Future cost-
effectiveness studies should consider using the length
of time spent in the autonomous state as a global
measure of overall treatment efficacy.
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