295

Journal of Alzheimer’s Disease 45 (2015) 295–304
DOI 10.3233/JAD-142364
IOS Press

Cognitive-Motor Intervention in Alzheimer’s
Disease: Long-Term Results from the Maria
Wolff Trial
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Abstract.
Background: Little is known about the long-term acceptance and effects of cognitive and motor stimulation interventions
(CMSI) in Alzheimer’s disease (AD).
Objective: To evaluate a replicable CMSI program for mild cognitive impairment (MCI) and mild-to-moderate AD persons.
Methods: Eighty-four non-institutionalized subjects with AD were randomized to receive either CMSI, administered by a
single care provider, or standard support. Cognition, activities of daily living (ADL), mood, and study partner’s subjective
burden were assessed by blinded raters. Data on institutionalization, psychiatric medications, and demise were collected by the
study physicians. Random effects model and survival analyses were conducted, after 2 and 3 years of study.
Results: Three-year assessments could be performed by the physician in 85% and by the blinded rater in 66% of subjects.
Significant benefits were observed in basic ADL at the 2- and 3-year assessments, whereas instrumental ADL showed benefits
only up to the second year of intervention (p < 0.05).
Conclusion: Long-term cognitive-motor stimulation is well accepted and produces functional benefits in subjects with AD, with
no extra subjective burden in the partner.
Keywords: Alzheimer’s disease, cognitive stimulation, cognitive-motor stimulation intervention, long-term effects, nonpharmacological therapies, randomized controlled trial

INTRODUCTION
Cognitive and motor stimulation interventions
(CMSI) are provided to patients with Alzheimer’s
disease (AD) based on the assumption that cognition, function, and mood domains, as well as disease
milestones, such as institutionalization, can be positively influenced. These assumptions are supported
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by several randomized controlled trials (RCT) that
have found positive effects after short-term CMSI for
persons with mild to moderate AD [1–3]. The more
components these CMSI include, the greater the number of domains that show improvement [4–8]. As a
result of this corpus of data, and also supported by
the experience and views of the affected individuals,
wide societal consensus has been reached that CMSI
programs should be offered as one of the essential components of care during the mild-to-moderate stages of
AD [9, 10].
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While short-term CMSI are clearly beneficial, the
long-term feasibility of these interventions and the
duration of benefits remain unknown. In most studies, the intervention was performed for short periods
of time (usually less than six months) [1–3] and the
reports of long-term maintenance of the effects are
very scarce [4, 11, 12]. Since AD is a slowly progressive disease, with the mild and moderate stages
together lasting on average 3-4 years [13] and considering the fact that most AD persons survive into the
more advanced stages of disease, the question of how
long CMSI benefits may last is of great relevance in
terms of quality of life of the affected persons and the
total personal and societal cost of the disease.
We conducted a RCT of a cognitive-motor stimulation program for mild cognitive impairment (MCI)
and mild-to-moderate AD persons. Benefits in cognition, mood, behavior, and quality of life were reported
after one year of treatment [6]. In the present study, we
examined the acceptance and efficacy of the cognitivemotor stimulation program, in both subjects and study
partners, after a two-year extension period of this trial
conducted in two day care centers of the Maria Wolff
Foundation in Madrid, Spain.

METHODS
Details of the methods of the Maria Wolff trial have
been described elsewhere [6]. A description following
the CONSORT extension guidelines for the report of
methods of trials of non-pharmacological interventions
[14] is provided in Table 1.

Subjects and study partners
Subjects were referred to the study secretary from
January 1999 to June 2001 by dementia-experienced
physicians from 17 outpatient clinical units in the city
of Madrid. The inclusion criteria were: a) a clinical
diagnosis of either MCI [15] or probable AD [16];
b) Global Deterioration Scale stages 3, 4, or 5 [17];
c) stable and well tolerated dose of a cholinesterase
inhibitor; d) acceptance of an eventual stimulation program; e) a study partner willing and able to participate
in the study, and f) informed consent signed by the
subject and the study partner. Exclusion criteria were
illiteracy and any physical condition that could preclude regular attendance and full participation in the
intervention program.

Table 1
Consort-type description of the Maria Wolff trial methods
Item

Description

Eligibility criteria
Centers performing the
intervention

Non-institutionalized person with MCI or probable AD and study partner
Single care provider with 5-year experience in the design and deliverance of cognitive-motor
stimulation programs for people with AD. The intervention was evenly conducted in two
day care centers. Only experienced therapists were permitted to manage patients in the trial
Cognitive-motor stimulation program consisted of 3.5 hour sessions, twice weekly, provided
by one therapist (see the text for more details). A manual was created with 103 sessions for
the first year of intervention. Occasionally, sessions were monitored by members of the
research team and feedback was given to therapists to promote the best possible cognitive
performance from participants, along with a positive affective status. As a result, the
manual of sessions was modified during the three years of intervention. The final version is
available at http://www.mariawolff.org (“Programa Animus”).
A sample size of 172 patients (86 in each treatment arm) was estimated to detect a four-point
mean difference in ADAS-cog for a type I error = 0.05, an 80% power, and a 20% estimated
attrition rate
Participants were randomly allocated to the EG or CG with expected proportion 1:1 using a
table of random numbers, by a member of the research team who had not access to any data
or information from participants
Cognition, ADL, mood, and subjective burden were assessed by blinded psychologists, which
were not informed of any aspect of the study design. Blinded assessments were conducted
in a Senior Citizen Center, without any link to the Maria Wolff centers. The participants
were instructed not to make any study-related question or comments to the psychologists
The primary sample for evaluation of efficacy was a MITT sample defined as all randomized
patients who provided at least one post-baseline efficacy assessment and, if they belonged
to the EG, attended at least one session. The evolution of the continuous outcome variables
in the two study groups was compared using random effects model and the evolution of the
categorical outcomes was compared using survival analysis (see the text for more details)

Description of the
intervention,
standardization, and
adherence with the protocol

Sample size

Group allocation

Blinding procedures

Statistical methods

AD, Alzheimer’s disease; ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale; ADL, activities of daily living; CG,
control group; EG, experimental group; MCI, mild cognitive impairment; MITT, modified intent-to-treat.
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Study design and intervention
After baseline assessment, subjects were randomized to either the experimental (EG) or the control
(CG) group in a 1:1 proportion by means of a list of
random numbers that was managed by an independent
investigator. Subjects assigned to the EG were offered
a program of 3.5-h cognitive-motor stimulation sessions, twice weekly. Groups of 7 to 15 individuals
were created according to severity of impairment and
personal affinities. A comprehensive and uniform stimulation program was designed in accordance with the
principles of compensation, with cognition as a primary target. One of a set of six cognitive functions
(i.e., attention, language, memory, visuospatial ability,
frontal/executive functions, and numerical capacity)
was focused in each session and there was a topic which
served to motivate the participants and to unify all the
sessions of each month one (e.g., the winter in January, the mass media in February, etc.). Efforts were
made to elicit the best individual performance within
a flexible framework. Sessions were divided into:
welcome (10 min), orientation (50 min), individual
cognitive exercises (10 min), group cognitive exercises (20 min), ADL training (which was related to the
day specific cognitive function) (30 min), coffee break
(30 min), psychomotor therapy or workshops (50 min),
and conclusion (10 min). A modified internet adaptation and update of this intervention is freely available
as “Programa Animus” at http://www.mariawolff.org.
Subjects from the EG had to pay a monthly fee of 60
Euro. Subjects from both the EG and the CG received
written materials about AD at the beginning of the
study and were also invited to make use of a helpline
by calling the study secretary (an experienced social
worker).

Efﬁcacy measures
Efficacy measures were collected at baseline assessment and after 1, 3, 6, 12, 18, 24, and 36 months. The
following variables were collected by blinded raters
(psychologists):
– Cognitive subscale of the Alzheimer’s Disease
Assessment Scale (ADAS-cog) [18]. This was
the primary efficacy measure. This scale assesses
memory, language, ideational praxis, and visuospatial ability with a score range from 0 (best
cognitive performance) to 70 (worst cognitive performance).
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– Functional Activities Questionnaire (FAQ) [19].
This questionnaire is administered to the caregiver
and measures instrumental ADL, with a score
range from 0 (total independence in the ADL) to
33 (total dependency).
– Index of ADL [20]. This instrument was administered to the caregiver. It measures daily performance in six basic ADL areas. A score from 0 to
6, indicating the number of preserved ADL areas,
was utilized.
– Geriatric Depression Scale (GDS). The GDS is
administered directly to the patient by the rater
to evaluate his/her affective status. A 15-item
abridged version was utilized [21], with a score
range from 0 (no depressive symptoms) to 15
(maximal depressive symptoms).
– Burden Interview (BI). This questionnaire evaluates the subjective burden of the caregiver [22].
A 22-item Spanish version was utilized, with a
score range from 0 (no subjective burden) to 88
(maximal burden).
Medications for behavioral and psychological
symptoms of dementia (BPSD), attendance at a
day-care center, institutionalization, and demise information (subject) as well as medications for psychiatric
symptoms (study partner) were collected by the study
physicians, who were not blinded to the subject’s
assigned group status. In case that subjects could not
attend the study visit, physicians conducted the visit
by telephone.
Statistical analysis
Descriptive statistics were used to present subject
and study partner demographic and clinical characteristics. Differences between subjects and study
partners from the two study groups were analyzed
at baseline by means of t tests and χ2 tests. The
primary sample for evaluation of efficacy was a modified intent-to-treat (MITT) sample defined as all the
randomized patients who provided at least one postbaseline efficacy assessment and, if they belonged to
the EG, attended at least one therapy session. The
evolution of the continuous outcome variables in the
two study groups was compared using random effects
model, which was adjusted for subject’s age, gender, and education (subject outcomes, i.e., ADAS-cog,
Index of ADL, FAQ, and GDS) or for study partner’s
age, gender, education, and cohabitation with subject
(study partner outcome, i.e., BI). Change from baseline was chosen as the dependent variable and separate
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regression models were elaborated taking either the
2- or the 3-year visit as the last observation. The evolution of the categorical outcomes (medications for
BPSD, attendance at a day-care center, institutionalization, demise, and medications for study partner
psychiatric symptoms) in the two study groups was
compared by means of survival analyses, which were
also adjusted. The level for statistical significance
was set at p < 0.05 (two-tailed, uncorrected for multiple comparisons). Statistical analyses were performed
using SPSS version 16.0 software (SPSS, Chicago, IL,
USA) and STATA V12 (StataCorp, College Station,
TX, USA).

RESULTS
A total of 97 were assessed but 13 subjects were
not included in the study for different reasons (Fig. 1).
Hence, 84 subjects were randomized (44 subjects allocated to the EG and 40 subjects allocated to the CG).
Since three subjects rejected enrollment for therapy sessions and one subject could not start the stimulation
program because of incident myeloma, the modified
intent-to-treat sample included 80 subjects. There were
no differences between the EG and the CG participants at study inception in demographic or medical
characteristics of subjects and study partners, or in
subjects’ disease stage and duration (Table 2). All the
MCI subjects progressed to fully developed AD dementia during the study period. Physician assessment was

Fig. 1. CONSORT flow diagram of the study. CMSI, cognitive-motor stimulation intervention.
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Table 2
Baseline demographic and clinical characteristics of the study groups
Characteristics
Subjects
Mean age, y
Gender (% female)
Education, y
Number of chronic illnesses1
Number of medications2
Symptom duration, y
Global Deterioration Scale (%)
Stage 3
Stage 4
Stage 5
MMSE
Study partners
Mean age, y
Gender (% female)
Education, y
Number of chronic illnesses
Number of medications
Relationship (%)
Spouse
Son or daughter
Other
Living with subject (%)

CG (n = 40)

p3

74.9 ± 1.1 (58–87)
57.5
8.1 ± 0.6 (0–18)
1.1 ± 0.2 (0–4)
3.1 ± 0.2 (1–6)
3.3 ± 0.4 (0.8–16)

73.4 ± 1.0 (54–84)
65.0
7.3 ± 4.4 (0–17)
1.2 ± 0.2 (0–4)
3.3 ± 0.3 (1–9)
3.0 ± 0.2 (0.5–7)

NS
NS
NS
NS
NS
NS
NS

20.0
52.5
27.5
17.6 ± 0.7 (8–25)

10.0
60.0
30.0
17.4 ± 1.0 (4–29)

61.0 ± 2.0 (32–81)
75.0
10.3 ± 0.7 (3–18)
1.3 ± 0.2 (0–5)
1.7 ± 0.3 (0–8)

57.5 ± 2.4 (29–79)
77.5
9.4 ± 0.6 (0–17)
1.1 ± 0.2 (0–4)
1.3 ± 0.2 (0–5)

45.0
42.5
12.5
62.5

47.5
42.5
10.0
80.0

EG (n = 40)

NS
NS
NS
NS
NS
NS
NS

NS

Values are expressed as mean ± SE (range) unless % is indicated.
and psychiatric diseases are not
included; 2 cholinesterase inhibitors and medications for behavioral and psychological symptoms are included; 3 p
values from 2-tailed Student’s t test for continuous variables or χ2 test for categorical variables. MMSE, Mini-Mental
State Examination; EG, experimental group; CG, control group; NS, statistically not significant (p > 0.05).
1 Neurologic

performed for all of the living subjects at all the study
visits during the 3-year study period, whereas the proportionoflivingsubjectswhowereevaluatedbyblinded
raters at 1-, 2-, and 3-year assessments was, respectively, 96.3%, 93.4%, and 77.9%. The rate of CMSI
abandon was 25% each year, including in that figure
abandons due to demise. At the end of the three years
of intervention, 10 out of 36 living subjects allocated to
CMSI were still attending sessions (27.8%).
The evolution of the efficacy measures in the two
study groups is shown in Tables 3 and 4 and a general
view of the results in the regression analyses is given in
Table 5. Both the EG and the CG showed progressive
deterioration in cognitive and functional variables, and
in study partner subjective burden (p < 0.05 at 2- and 3year analyses), whereas subject affective status slightly
improved throughout the study period (p < 0.05 at 2and 3-year analyses). A group by time effect was found
for the evolution in basic and instrumental ADL, which
was favorable for the EG. The effect was obtained in
both 2- and 3-year analyses for the Index of ADL, but
only in the 2-year analysis for the FAQ (Table 5 and
Fig. 2). Since the study by group regression coefficient
represents the monthly cumulative difference between
the EG and the CG in the dependent variable, the
obtained results correspond to a difference of 2.64

Fig. 2. Modelized evolution of the instrumental ADL (FAQ) (2-year
analysis, up) and of the basic ADL (Index of ADL) (3-year analysis,
down) in both study groups. More rapid deterioration is observed in
the control group (p < 0.05). ADL, activities of daily living; FAQ,
Functional Activities Questionnaire.
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Table 3
Results in the continuous outcome variables

ADAS-cog

EG
CG
FAQ
EG
CG
Index of ADL EG
CG
GDS
EG
CG
BI
EG
CG

1m

3m

−1.42 ± 0.7
0.00 ± 0.64
−0.84 ± 0.85
−0.09 ± 0.77
0.19 ± 0.09
−0.03 ± 0.06
−0.09 ± 0.39
0.03 ± 0.34
−1.40 ± 1.73
−0.94 ± 1.41

0.03 ± 1.97
0.44 ± 0.78
1.91 ± 0.82
1.37 ± 0.84
0.00 ± 0.13
−0.19 ± 0.08
−0.06 ± 0.38
−0.50 ± 0.37
0.81 ± 1.34
−0.47 ± 1.29

6m

12 m

0.11 ± 1.02
1.80 ± 0.70
2.58 ± 0.83
4.47 ± 0.96
−0.05 ± 0.15
−0.27 ± 0.08
−0.14 ± 0.37
−0.51 ± 0.38
0.35 ± 1.43
1.69 ± 1.31

4.00 ± 1.28
6.16 ± 1.55
4.58 ± 0.89
6.72 ± 0.95
−0.39 ± 0.15
−0.79 ± 0.26
−0.38 ± 0.33
0.28 ± 0.43
3.12 ± 1.76
4.14 ± 1.72

18 m

24 m

36 m

7.59 ± 1.62
9.74 ± 1.91
6.34 ± 1.10
8.38 ± 1.37
−0.49 ± 0.18
−1.11 ± 0.28
−0.23 ± 0.48
−0.33 ± 0.42
3.43 ± 2.47
3.53 ± 2.17

12.46 ± 2.25
12.69 ± 2.41
8.47 ± 1.14∗∗
10.90 ± 1.12∗∗
−0.97 ± 0.22∗
−1.59 ± 0.36∗
−1.24 ± 0.38
−0.50 ± 0.73
4.74 ± 1.73
9.92 ± 2.94

16.00 ± 3.21∗
12.83 ± 3.39∗
13.74 ± 1.23
13.19 ± 1.44
−1.84 ± 0.35∗
−2.33 ± 0.51∗
−1.10 ± 0.55
−0.80 ± 0.55
6.35 ± 3.25
4.79 ± 2.74

The figures represent the mean (±SE) change from baseline in the study outcomes across the study visits. ∗ p < 0.05; ∗∗ p < 0.005 (regression
analysis, group by time effect). ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale; FAQ, Functional Activities
Questionnaire; ADL, Activities of Daily Living; GDS, Geriatric Depression Scale; BI, Burden Interview; EG, experimental group; CG, control
group; m, month.
Table 4
Results in the categorical outcomes
n
n
Medications
for BPSD
Day-care center
Nursing home
Death
Psychiatric drugs (study partner)

EG
CG
EG
CG
EG
CG
EG
CG
EG
CG
EG
CG

Baseline

1m

3m

6m

12 m

18 m

24 m

36 m

40
40
40.0
47.5
0
0
0
0
0
0
20.0
25.0

40
40
35.1
51.4
0
0
0
0
0
0
16.2
21.6

40
40
38.5
54.1
0
0
0
0
0
0
15.4
23.1

40
40
43.6
59.0
0
0
0
2.5
0
0
17.9
30.8

40
40
40.0
61.5
2.5
5.0
0
10.0
0
0
15.0
28.2

39
39
42.1
61.5
5.1
7.7
2.6
10.3
2.5
2.5
13.2
26.3

39
37
46.2
54.1
7.7
13.5
10.3
18.9
2.5
7.5
20.5
30.6

36
32
52.8
58.1
22.2
18.8
22.2
25.0
10.0
20.0
23.7
29.4

The figures represent the % of the evaluated subjects fulfilling the study outcome across the study visits. BPSD: behavioral and psychological
symptoms of dementia; EG, experimental group; CG, control group; m, month.
Table 5
Overview of the results in the regression analyses
Time ␤ (CI 95%)
ADAS-cog
FAQ
Index of ADL
GDS
BI

2y
3y
2y
3y
2y
3y
2y
3y
2y
3y

0.541 (0.454, 0.628)∗∗∗
0.531 (0.460, 0.603)∗∗∗
0.357 (0.297, 0.417)∗∗∗
0.378 (0.335, 0.421)∗∗∗
−0.041 (−0.054, −0.028)∗∗∗
−0.048 (−0.058, −0.038)∗∗∗
−0.035 (−0.061, −0.008)∗
−0.029 (−0.049, −0.009)∗∗
0.197 (0.014, 0.379)∗
0.179 (0.076, 0.283)∗∗

Study group ␤ (CI 95%)
2.449 (−2.571, 7.469)
2.847 (−2.272, 7.966)
−0.352 (−3.613, 2.909)
0.094 (−3.051, 3.239)
−0.001 (−0.377, 0.374)
−0.045 (−0.462, 0.371)
0.365 (−0.640, 1.370)
0.405 (−0.585, 1.395)
−2.161 (−8.263, 3.942)
−1.836 (−7.809, 4.137)

Study group × Time ␤ (CI 95%)
0.006 (−0.120, 0.132)
−0.066(−0.172, 0.039)
0.109 (0.022, 0.195)∗
0.034 (−0.030, 0.098)
−0.027 (−0.046, −0.009)∗∗
−0.019 (−0.034, −0.004)∗
0.017 (−0.023, 0.057)
0.011 (−0.019, 0.042)
0.089 (−0.162, 0.341)
0.005 (−0.152, 0.162)

The dependent variables appear in the first column; 2- and 3-year random effects model was conducted for prediction of change from baseline
in the dependent variables; ∗ p < 0.05; ∗∗ p < 0.005; ∗∗∗ p < 0.005. ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale;
FAQ, Functional Activities Questionnaire; ADL, Activities of Daily Living; GDS, Geriatric Depression Scale; BI, Burden Interview; ␤, adjusted
regression coefficient; y, year.

(95% CI 0.48 to 4.8) in the FAQ at 2-year assessment
and to a difference of 0.72 (95% CI 0.00 to 1.08) in the
Index of ADL at the end of the study (Fig. 2).
Cognitive stabilization was observed between 2- and
3-year assessments in the subjects of the CG, whereas
the subjects of the EG continued deteriorating (Table 3,

Fig. 3). A logarithmical transformation was considered
appropriate for the analysis of the ADAS-cog evolution, which demonstrated a significant group by time
effect at the 3-year analysis, in this case favorable to the
CG (regression coefficient of −0.003 (95% CI −0.006
to −0.000, p = 0.039).
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As for the study partners, they were virtually always
satisfied or very satisfied.

DISCUSSION

Fig. 3. Raw (up) and adjusted (down) cognitive performance
(ADAS-cog) across study visits in both study groups. ADAS-cog,
cognitive subscale of the Alzheimer’s Disease Assessment Scale.

Table 6
Compliance and satisfaction with the cognitive-motor stimulation
program
Subjects attending therapy sessions (n)
Subject’s score of therapy (n)
Very satisfied
Satisfied
Indifferent
Unsatisfied
Very unsatisfied
Did not answer
Study partner’s score of therapy (n)
Very satisfied
Satisfied
Indifferent
Unsatisfied
Very unsatisfied
Did not answer

1y

2y

3y

30

20

10

11
14
4
0
1
0

6
10
2
0
0
2

3
3
1
0
0
3

16
13
1
0
0
0

8
12
0
0
0
0

2
8
0
0
0
0

The figures represent number of subjects at the end of 1st, 2nd, and
3rd year of intervention. y, year.

The survival analyses of clinical variables and
milestones did not display any significant effect (all
p-values >0.05, data not shown). All the evaluations
of therapy sessions by the subjects were ‘satisfied’ or
‘very satisfied’, after the first and second years of intervention (Table 6). However, at the end of the study, 4
out of 10 subjects did not answer the satisfaction questionnaire (3 subjects) or were indifferent (1 subject).

We analyzed the effects and long-term acceptance of
a program of cognitive and motor stimulation that was
offered for three years to persons with MCI, mild or
moderate AD, in the context of a RCT. The Maria Wolff
trial was unique in the sense that cognitive-motor stimulation was continuously offered and evaluated during
a 3-year period and compared against a CG that was
offered only standard support. Despite being entitled
to individualized help from a social worker specialized
in dementia, contacts between the study secretary and
the CG were almost always in the context of appointments for the study assessments. Hence, our CG could
be considered as a usual care CG. Of note is the observation that a quarter of the subjects allocated to the EG
withdrew from the stimulation program every year for
different reasons.
This study has resulted in an adequate evaluation of
the long-term effects of the cognitive-motor stimulation program on a range of relevant outcomes. There
are virtually no studies of long term (i.e., more than
one year) effects of cognitive stimulation in AD, alone
or as part of a multicomponent intervention. Traditionally, the longest RCT of stimulation programs in AD
lasted one year [1–3]. After a comprehensive search
by the authors, very few studies could be found which
addressed the effects of stimulation programs after
more than one year of intervention inception [4, 11,
12]. In one trial, physical exercise and behavioral problem management was provided during three months
and benefits in motor and affective status lasted for
two years [4]. In other study, some benefits of a oneyear program of cognitive-motor stimulation and ADL
training persisted 10 month after intervention cessation, but authors concluded with the necessity of
continuous delivering of therapy to optimize benefits
in the long term [12]. Only one trial of cognitive stimulation implemented for more than one year was found.
In that trial, 14 AD subjects who received donepezil
and cognitive stimulation during 2 years were compared with 20 AD subjects who received donepezil
only. Less cognitive deterioration was observed in the
subjects who received cognitive stimulation, with no
significant effect in mood. However, in that trial, allocation was conducted by registration order, rather than
randomization and important outcomes, such as ADL,
were not included [11].
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The present study found clinically relevant effects,
which were attributable to the stimulation program.
These were observed in: a) a favorable effect of the
intervention on basic ADL throughout the entire three
year program, b) a favorable effect of the intervention
on instrumental ADL only up to the second year, and
c) a less clear effect in the cognitive domain, which
appeared to improve marginally during the first year
of intervention in comparison with the CG; however,
the EG performed worse than the CG in terms of the
cognitive assessment at the end of the study (Table 3,
Figs. 2 and 3). Whereas the observed benefits in ADL
are relevant and consistent with a previous study [12],
the cognitive results should be cautiously interpreted, in
part because of the attrition that was observed at the end
of the study, particularly in the CG, which had double
the mortality rate of the EG (Fig. 1 and Table 4). Differences in mortality between the two study groups may
have produced a false impression of improvement in the
CG, due to relatively high performance of the survivors.
The present study had important limitations, mainly
derived from an initially underpowered sample size
and from the above-mentioned selective attrition in
the CG. Less number of participants from the CG
received blinded evaluation at 2- and 3-year follow-up
assessments due to mortality and missing evaluation,
thus raising the possibility of bias. Plausible reasons
for lack of blind assessment are lack of motivation
and functional deterioration, which is supported by a
higher number of institutionalized participants in the
CG (Table 4). Hence, it seems unlikely that a selective
attrition in the CG fully explains the positive results
observed in functional outcomes after 2 and 3 years of
intervention. Other limitations of the present study are
lack of blindness from participants regarding group
allocation and the requirement to pay a small in the
participants from the EG, both of which could have produced overestimation of subjects functional capacities
by study partners from the EG.
Nevertheless, our overall results are congruent with
a model of diminishing responsiveness to therapeutic
effort that begins with those domains of last ontogenetic acquisition (cognition) and makes domains of
early acquisition (procedural memory, behavior/mood,
and motor functions) more responsive to therapeutic intervention during the course of AD [23–25].
The reasons that might explain why cognitive-motor
stimulation initially improves cognition and three
years later may turn into more deterioration might be
manifold, but clearly fall out of the present investigation scope. Stress, sometimes present in subjects
undergoing cognitive stimulation, could have con-

tributed to a more rapid cognitive deterioration [26,
27] or even we could speculate with some type of
accelerating nerve disintegration due to excess of training [28, 29] combined with the effect of compromised
neurogenesis [30].
The study’s results in ADL, which showed significant results up to the second year in instrumental ADL
and up to the third year in basic ADL, are encouraging,
since systematic ADL training was one of the components of our cognitive-motor stimulation program.
Hence, ADL training emerges as a promising target in
CMSI, as it may potentially contribute to improve the
quality of life of subjects and partners and to reduce the
global cost of dementia, beyond the responsiveness of
the cognitive domain [31, 32]. In addition, remarkable
trends were observed in all the categorical variables,
not reaching statistical significance due to small sample size (Table 4). Larger studies should be conducted
to confirm those promising results.
Subjects’ satisfaction with the cognitive-motor stimulation program was generally high, but seemed to
decrease to some extent in the long term, in parallel
with compliance (Table 6). The decrease in subjects’
satisfaction with the stimulation program could be
explained, at least in part, by lack of memory of sessions (in fact, 2 out of 20 and 3 out 10 subjects did not
answer the satisfaction question, respectively, at the 2and 3-year assessments) (Table 6). The appraisal of the
program by the study partners was positive across the
3-year treatment period. That was remarkable, considering the fact that most of the subjects needed some
kind of assistance to use means of transportation to
attend the bi-weekly sessions, and as a small monetary
fee was required for session attendance. Furthermore,
no extra subjective burden was observed in the study
partners of the EG throughout the entire study period
(Tables 3 and 5).
In conclusion, globally considered, the results of
a 3-year, multi-component, cognitive-motor stimulation program for persons in the initial stages of AD
were satisfactory for both the subjects and their companions, with benefits on patient function. However,
the observed differences in cognitive evolution after
three years of intervention raise questions and concerns
regarding the long-term adequacy of CMSI in terms of
cognition in MCI and AD. Even if our observations
with respect to cognition were replicated, it should be
noted that functioning, mood, and less behavioral disturbance are probably of considerably greater value
to the subjects and their companions, particularly as
the AD process advances, than small gains in terms of
cognitive test scores.
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(2010) Non-pharmacological therapies in Alzheimer’s disease: A systematic review of efficacy. Dement Geriatr Cogn
Disord 30, 161-178.
Law LL, Barnett F, Yau MK, Gray MA (2014) Effects of
combined cognitive and exercise interventions on cognition
in older adults with and without cognitive impairment: A
systematic review. Ageing Res Rev 15, 61-75.
Aguirre E, Woods RT, Spector A, Orrell M (2013) Cognitive
stimulation for dementia: A systematic review of the evidence
of effectiveness from randomised controlled trials. Ageing Res
Rev 12, 253-262.
Teri L, Gibbons LE, McCurry SM, Logsdon RG, Buchner
DM, Barlow WE, Kukull WA, LaCroix AZ, McCormick W,
Larson EB (2003) Exercise plus behavioral management in
patients with Alzheimer disease: A randomized controlled
trial. JAMA 290, 2015-2022.
Chapman SB, Weiner MF, Rackley A, Hynan LS, Zientz J
(2004) Effects of cognitive-communication stimulation for
Alzheimer’s disease patients treated with donepezil. J Speech
Lang Hear Res 47, 1149-1164.
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R. Muñiz et al. / Long-Term Cognitive-Motor Stimulation in AD
Lazarov O, Marr RA (2010) Neurogenesis and Alzheimer’s
disease: At the crossroads. Exp Neurol 223, 267-281.
Lindholm C, Gustavsson A, Jönsson L, Wimo A (2013) Costs
explained by function rather than diagnosis: Results from the
SNAC Nordanstig elderly cohort in Sweden. Int J Geriatr
Psychiatry 28, 454-462.

[32]

Wimo A, Jönsson L, Bond J, Prince M, Winblad B; Alzheimer
Disease International (2013) The worldwide economic impact
of dementia 2010. Alzheimers Dement 9, 1-11.

