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ABSTRACT

Objective: The purpose of this study was to determine the effects of an interactive
multimedia internet-based system (IMIS) for the cognitive stimulation of Alzheimer's
disease (AD).

Methods: Thisis a 24-week, single-blind, randomized pilot study conducted on 46 mildly
impaired probable AD patients receiving stable treatment with cholinesterase inhibitors
(ChEls). The patients were divided in three groups. 1) Received 3 weekly, 20-minute
sessions of IMIS plus 8 hours per day of an integrated psychostimulation program (1PP), 2)
Received only IPP sessions; and 3) Received only ChEls therapy. The primary outcome
measure was the Alzheimer’'s Disease Assessment Scale-Cog (ADAS-Cog). Secondary
outcome measures were: Mini-Mental State Examination (MMSE), Syndrom Kurztest
(SKT), Boston Naming Test (BNT), Verbal Fluency and the Rivermead Behavioral
Memory Test (RMBT) story recall subtest.

Results: After 12 weeks, the patients treated with both IMIS and IPP had improved
outcome scores on the ADAS-Cog and MM SE; this was maintained through 24 weeks of
follow-up. The patients with the IPP alone had better outcome than the ChEls alone group,
but the effects were attenuated after 24 weeks. All subjects improved their scoresin all of
the IMIS individual tasks, attaining higher levels of difficulty in all cases.

Conclusion: Although both the IPP and IMIS improved cognition in AD patients, the IMIS
program provided an improvement above and beyond that seen with IPP alone, and which
lasted for 24 weeks.
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INTRODUCTION

Alzheimer’s Disease (AD) is the most frequent form of dementiain the elderly
[1][2], and its current treatment includes cholinesterase inhibitors (ChEIs) [3][4][5], and n-
methyl-d-aspartate receptor blockers (e.g., memantine) [6]. However, symptomatic
treatment often involves non-pharmacological treatments as well, and adequate dementia
management requires a wide range of intervention to help maximize the patient’s
independence, increase their self-confidence, and relieve caregiver burden.

Current symptomatic treatment of AD can improve cognition and functionality
[3][4][5][6]. However, prior to the emergence of these medications non-pharmacological
therapies had already been evaluated and cognitive stimulation had been found to be
potentially beneficial for demented patients[7][8][9]. Although these non-pharmacol ogical
treatments do not always appear efficacious, methodological problems may limit the
validity of some studies[10]. A recent Cochrane Review emphasized caution when
interpreting the results of non-pharmacological therapies, but suggested that certain
cognitive domains could, in fact, benefit from these types of interventions[11].

Clinical and laboratory studies have shown that mental and physical activity can
positively influence cognition in normal elderly and demented subjects. Education [12], and
lifestyles choices (e.g. occupation, leisure activities) [13][14][15] can modulate the risk of
devel oping dementia, and psychomotor stimulation improves cognition in AD patients
[16][17]. Environmental enrichment can improve cognition in transgenic mice .[18][19] in
spite of the continue deposition of beta-amyloid, and exercise can increase the levels of
brain-derived neurotrophic factor .[20], and may reduce amyloid burden .[21].

In spite of the progressive nature of the degenerative process, AD patients also
appear to retain the physiological capacity to ater brain structure and function. Recent
studies have demonstrated cognitive plasticity and learning potential not in AD patients as
well as healthy elders[22][23]. Positron emission tomography studies that used activation
paradigms [24][25] have found that AD subjects have a greater activation than non-
demented individualsin the brain regions usually involved in memory tasks, aswell asin
the frontal 1obes which were only activated with increasing task difficulty. Pathological
studies conducted in biopsied AD patients with mild/moderate dementia have shown
increased synaptic contact size [26]. Thus, the brain may be able to compensate during the
early stages of AD, suggesting that there may be some utility to non-pharmacological
adjunctive interventions.

Although studies of cognitive stimulation show that it is possible to stimulate AD
patients memory, the results are often modest. Because of methodological limitations
there is a need to perform more randomized control led trials with larger samplesto
validate this therapeutic approach. Computerized systems [27], and internet-based distance
programs offer one potential mechanism by which non-pharmacological cognitive
stimulation can be conducted in demented patients. In the present study, we evaluated an
interactive multimedia Internet-based system (IM1S) as an adjunct to ChEls treatment and
classic psychostimulation therapy.
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MATERIAL AND METHODS

Forty-six probable AD patients .[28] were recruited for the study through areferral
clinic and day care center (Fundacié ACE, Institut Catala de Neurociéncies Aplicades) in
Barcelona, Spain. The Ingtitut Catala de Neurociencies Aplicades is areferral diagnostic
clinic for community-dwelling individuals with dementia, and also provides adult day-care
services to these patients. All of the patients had been treated with ChEls for at least 1 year
prior to the beginning of the study. Theinclusion criteriawere: 1) >65 years of age, 2) at
least 3 years of education, 3) aMini Mental State Examination (MM SE) [29][30] score
between 18 and 24, 4) a Global Deterioration Scale (GDS) [31] score of 3 or 4, 5), absence
of uncontrolled disruptive behaviours (e.g., aggression, delusions, hallucinations, agitation)
that could interfere with program administration and/or neuropsychological assessments, 6)
absence of major depression, current or in partial remission [32], 7) absence of structural
lesionsin the CT/MRI, 6) absence of history of alcohol or other substance abuse, and 8)
absence of severe auditory, visual, or motor deficits that may interfere with cognitive
testing. None of the subjects had previous experience with a personal computer, and all
attended the day-care center 5 days per week. Subjects were allowed to be on stable doses
of psychotropic medications.

Multimedia therapy: The IMIS was conducted using Smartbrain®
(www.educamigos.com), an interactive multi-mediatool that allows patients to perform a
variety of different stimulation programs, at different levels of difficult, at varioustimes
during the day. Briefly, the IMIS program consists of 19 separate “tasks’ or stimulation
exercises across the domains of attention, calculation, gnosis, language, memory and
orientation. All subjects began at the lowest level of difficulty (1% of 15 levels) and the
program monitored activity at each level. Difficulty increased automatically after three
consecutive performances within a single task without error, or when an individual was
80% correct over 6 consecutive sessions. A patient’s level of difficulty decreased when
their performance fell below 15% correct for 3 consecutive sessions or less than 20%
correct for 6 consecutive sessions. All patients were trained before the study with the use of
the computer mouse, especially how to “click and drag”.

Integrated Psychostimulation Program (IPP): The IPP is adaily program within the
day-care center that includes cognitive stimulation tasks, workshops (e.g., music therapy,
art and crafts, physical activity), and reinforcement of instrumental activities of daily living
[17]. The IPP isintegrated into the day-care center activities, and it takes 2 hoursin the
morning, and 1,5 hours in the afternoon out of the 8 hours that the patients spend in the
center.

Each patient was randomly assigned to one of three study groups: 1) Experimental
Group: These subjects received the IMIS, as well as the IPP and ChEls; 2) IPP Control:
These subjects received IPP and ChEls; and 3) ChEls Control: These subjects received only
ChEls. The ChEls group were subjects who had the diagnosis of AD, but who were living
at home, and never received the IPP or the IMIS. These patients either did not want to come
to the day-care center, although they agree to be followed clinically, or they were on a
waiting list for the admission to the day-care center. The Experimental and the IPP Control
groups where participantsin the day-care center, and the only difference between these two
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groups was that one received the IMIS. Written informed consent was obtained from all
subjects enrolled in the study and their legal representative before the study onset.

Three patients in the Experimental Group dropped out of the study: one because of
rapid progression of the disease, and two because of institutionalization. Consequently,
from the initial sample of 46, 43 patients completed the study: 15 in the Experimental
Group, 16 in the IPP Control group, and 12 in the ChEls Control group (see Table 1).

Tablel
Demogr aphic characteristics of the patients

Experimental group | PP Control ChElsContral
group group

Subjects 15 16 12

Male/Female 5/13 2/14 0/12

Age 75.8+5.9 74+47 76.9+4.5

Experimental Group: These subjects received the interactive multimedia Internet-based
system (IM1S), the Integrated Psychostimulation Program (1PP) and cholinesterase
inhibitors (ChEls).

|PP Control: These subjects received IPP and ChEls.

ChEls Control: These subjects received only ChEls.

There were no significant differences between the groupsin terms of age
(F(2,41)=0.72) or leve of education (x2 = 5.513, df=4, p=.239). There was a tendency
toward a difference in the proportion of patients who were men, primarily because all of the
patients in the ChEl group were female; however, it was not statistically significant (x2 =
5.70, df=2, p=.06).

Patients were assessed at study entry, and after 12 and 24 weeks of treatment. The
primary outcome measure was the Alzheimer’ s Disease Assessment Scale-Cognitive
Section [33] (ADAS-Cog). Thisis a standardized measure of cognitive function that
examines components of memory, language, visuoconstructional and ideational praxis, and
orientation. High ADAS-cog scores indicate worse performance. The secondary measures
were:

1) MMSE: Thisisaglobal measure of cognitive function that examines: orientation to
time and place, immediate and delayed recall of three words, attention and
calculation, language, and visuoconstructional functions

2) Syndrom Kurztest (SKT) [34]: Thisisa short cognitive performance test that
examines memory and attentional functions.

3) Boston Naming Test [35]: Subjects must name 60 large ink drawings that are
presented to them by the examiner. The test is discontinued after el ght consecutive
failures. When the subject fails to name the drawing, the examiner provides a
semantic cue; if still unable to name the drawing, a phonemic cue is provided.

4) Verbal Fluency: Thisincludes letter generation (letter P), and animal fluency tests.

5) The story recall subtest from the Rivermead Behavioral Memory Test [36]. Subjects
listen to a short passage of a prose being read aloud, and then recall as much asthey
can.
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6) The Rapid Disability Rating Scale— 2 (RDRS-2) [37]. Thisis an assessment of
three functional and behavioural areas. 1) ass stance with activities of daily living,
2) degree of disability, and 3) degree of special problems (i.e., mental confusion,
uncooperativeness, depression). The RDRS-2 was administered at baseline and at
24-week follow-up examination.

7) The GDS[31] isastaging system of seven distinguishable cognitive and functional
stages, ranging from normal (stage 0) to severe dementia (stage 7). All subjectsin
the study had a GDS stage 4.

The primary and secondary outcome measures were administered to all subjectsin
the Experimental and IPP Control groups at all visits. Due to manpower limitations, the
Boston Naming Test, verbal fluency tests, and the the Rivermead Behavioral Memory Test
(all secondary outcome measures) were not administered to the ChEls Control group at any
visit.

I nter active multimedia inter vention

Subjectsin the Experimental Group received atotal of 72 IMIS sessions, three times
aweek for 24 weeks. All of the patientsin the Experimental Group had the same
computerized activities, order of presentation, and session length. During the first 24
sessions, the IMIS sessions lasted only 15 minutes. Sessions 25 to 28 lasted 20 minutes,
and from sessions 29-72 lasted 25 minutes. Because this was the first time that such a
computerized multimedia program was applied for the cognitive stimulation of these
patients, it was necessary to ensure tolerability and adequate dose in order to avoid fatigue
or other possible negative effects that might arise from exposure to a PC. A minimum
requirement was that the subjects completed 58 of 72 sessions (80%) with an interruption
of no more than 10 days between sessions; all participants met this criterion.

Statistical Analysis

The data were analyzed using SPSS Version 12. Descriptive statistics were on at
basdline, 12 weeks, and 24 weeks. Outcomes were assessed using one-way Analysis of
Variance at each of the three critical time points.

RESULTS

There were no significant differences between the three study groups on the ADAS-
Cog (F(242) = .67) or SKT (F(242) = .84) at baseline, although the Experimental Group
had dslightly lower MM SE scores than the other groups (F(242) = 3.33, p=.046) (see Table
2). Neither were there differences between the Experimental and the IPP Control groups on
the other neuropsychological measures at baseline examination (the ChEls Control group
did not receive these additional four tests) (see Table 2).
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Table 2.

Neur opsychological characteristics at baseline,
and at 12 and 24 weeks follow-up examination

Test A ent Experimental | PP Control ChEls
group group Control group
Basdine 20.60 (2.10) 2250 (2.90) | 22.83(2.37)
MM SE Week 12 22,53 (2.56) 23.00 (341) | 21.75(2.26)
Week 24 22.07 (3.03) 2263(379) | 21.33(2.23)
Basdine 22.40 (5.70) 2119 (5.73) | 20.00 (4.35)
ADAS-cog | Week 12 19.86 (4.78) 18.75(4.40) | 21.08 (4.52)
Week 24 21.33 (5.74) 2231(6.81) | 21.83(4.48)
Basdine 11.80 (3.88) 1162 (491) | 13.83(5.72)
SKT Week 12 12.00 (3.78) 9.88 (4.03) 14.58 (5.25)
Week 24 12.07 (4.65) 1081 (5.10) | 15.16 (5.44)
Basdine 36.53 (10.64) 36.31 (7.04) -
BNT Week 12 37.07 (10.05) 38.63 (7.04) -
Week 24 37.20 (10.26) 37.25 (8.21) .
. Basdine 10.67 (3.64) 8.31(3.14) -
fslimerf‘é‘y“c Week 12 10.93 (3.04) 9.13 (3.63) i
Week 24 9.60 (4.41) 8.75 (4.07) -
. Basdine 9.53(3.93) 8.19 (3.54) -
fFl) EZQE;'C Week 12 9.00 (3.98) 7.94 (3.89) -
Week 24 9.20 (3.53) 8.19 (4.09) -
Story recall | Basdline 1.73(1.03) 2.13(1.46) -
subtest Week 12 220 (1.37) 2.25 (1.69) -
(RBMT) Week 24 213 (1.55) 2.25 (1.48) .

Abbreviations: MM SE: Mini-Mental State Examination, ADAS-Cog: Alzheimer’s Disease
Assessment Scale, RBMT: Rivermead Behavioral Memory Test, SKT: Syndrom Kurztest,
BNT: Boston Naming Test.

The characteristics of the groups are shown in Table 1.

After 12 weeks of treatment the three study groups differed in terms of the ADAS-
Cog (F(242) = 7.05, p=002, r=.50) and the MM SE (F(242) = 10.3, p < .001, r=.57) (See
Figure 1). Both Experimental and IPP Control groups were superior to the ChEls Control
group on the ADAS-Cog (LSD Test, p <.05), and all three groups differed from each other
onthe MM SE (LSD Test, p <.05). After 24 weeks, group differences were still apparent
on the ADAS (F(2,42) = 3.08, p = .06, r=".36) and MM SE (F(2,42) = 8.48, p = 001, r=.54).
Post-Hoc analyses revealed that the Experimental Group was better than the ChEIls Control
group on the ADAS-Cog (p < .05), whereas both the Experimental and IPP Control groups
differed from the ChEls Control group onthe MM SE (p’s< .05). There was no significant
changein SKT scores over 24 weeks across all three groups (F(2,39) = 0.83), and no
significant group by time interaction (F(2,39) = 1.93, p = .11, r = .30).
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Table 3.
Mean changein cognitive measures at 12 and 24 weeks follow-up
T Experimental IPP Control | ChElsControl
est Assessment
group group group
Basdline 0 0 0
MM SE Week 12 1.93 0.50 -1.08
Week 24 1.47 0.13 -1.50
Basdline 0 0 0
(A¥§’AS 9 | Week 12 254 -2.44 1.08
Week 24 -1.07 112 1.83
Basdline 0 0 0
SKT (¥) Week 12 0.20 -1.74 0.75
Week 24 0.27 -0.81 1.33
Basdline 0 0 -
BNT Week 12 0.54 2.32 -
Week 24 0.67 0.94 -
. Basdline 0 0 -
mé‘;'c Week 12 0.26 0.82 .
Week 24 -1.07 0.44 -
. Basdline 0 0 -
ﬁﬂgﬂg‘c Week 12 053 0.25 .
Week 24 0.33 0 -
Story recall Basdline 0 0 -
subtest Week 12 0.47 0.12 -
(RBMT) Week 24 0.40 0.12 -

Basdline = 0. ¥ lower scores indicate cognitive improvement.
Abbreviations: See Tables 1 & 2. The characteristics of the groups are shown in Table 1.
Measures at week 12 and 24 are shown as compared to baseline.

INSERT FIGURES 1 AND 2 ABOUT HERE

No statistically significant differences were observed in the functional assessments,
as measured by the RDRS-2 at baseline examination (Experimental group: 26.6 + .96, IPP
Control: 27.3 + .93, ChEls Control: 24.4 + 1.0) (F(2,42) = 2.16 ,p=.12, r=.32), or after
24 weeks of follow-up (Experimental group: 25.3 + 1.1, IPP Control: 25.6 + 1.0, ChEls
Control: 23.7 + 1.2) (F(2,42) = .76 , p= .47 ,r=.14). The GDS stage was 4 in al subjects at
baseline and all follow-up evaluations.

Figure 3 shows the mean difficulty level obtained by the patients over the course of
the 24 weeks of treatment in each of the 6 cognitive domains of the IMIS. Performancein
all cognitive domains showed an improvement, but most especially in the measuresin
attention and memory. In no case did a subject’s performance level for any individual
activity actually decline over the course of the 24 weeks.

INSERT FIGURE 3 ABOUT HERE


http://jnnp.bmj.com/
http://group.bmj.com

Downloaded from http://jnnp.bmj.com/ on September 16, 2016 - Published by group.bmj.com

DISCUSSION

This study shows that both classic cognitive stimulation therapy and computer-
based therapy improved cognition in subjects treated with a stable dose of ChEIs, compared
to those who were treated only with ChEls. In addition, the IMIS program provided an
improvement above and beyond that seen with classic cognitive stimulation with
improvement lasting 24 weeks. Not only did ADAS-Cog and MM SE scores failed to
decline (as was seen in the ChEls Control group) but scores actually improved, and the
improvement was maintained over the 24 weeks that the IMIS was part of the therapy
program.

The progression of illness observed in the ChEls Control group is consistent with
what has previously been described in subjects with prolonged exposure to ChEls (>1 year)
[38]. On average, this group declined at arate of approximately 2-3 MM SE points per
year which is dightly slower than istypical, but falls within the range of expected decline
inmild AD .[39].

These results demonstrate that it is possible to augment the effects of cholinesterase
inhibition using cognitive stimulation procedures with the result that patients have
improved outcomes. These findings from the Experimental Group cannot be explained
simply by increased social contact or interactions, since that group and the IPP Control
group attended the day-care center. The IMIS greatly augmented the traditional
psychomotor stimulation, because when both therapies were used together efficacy was
extended to 24 weeks. Thus, it appears, that an individually-constrained cognitive
stimulation program like the IMIS used here is more efficacious than medication only
treatment, and at least augments traditional psychostimulation. In regard to the possible
effects of IMI1S-alone therapy, we hypothesize it would represent an improvement
compared to non-treated patients as also to patients with ChEls-alone treatment, as shown
by previous studies [27] [40].

The degree of difficulty of the problemsisindividually adjusted to maximize
success (and increase the challenges) for each individual patient. While an understanding
of the physiological basis of the efficacy of these individualized cognitive stimulation
programs is beyond the scope of thisinitial study, our findings and others data suggest that
plasticity remains possible in AD patients at the cdllular level, and that these changes can
modify disease progression [22], [23], [24], [25], [26]. Cellular plasticity could thus
provide a substrate onto which the improvements observed here could be based.

No functional improvement was noted among the three groups. This may be
explained by the fact that these were mildly impaired subjects (Mean MM SE was 22.0),
who retained the physical/functional ability to participate in a cognitive/motor stimulation
program, and did not exhibit disruptive behaviors. Smilarly, the ChEls Control group was
only mildly impaired, and they had sufficient caregiver support to come to the clinic for
frequent evaluations. Therefore, any change in functional capacity could have been more
difficult to measure in this cohort than in patients in moderate/severe stages of dementia. In
addition, it is possible that the functional measures used in the study were not sensitive
enough to detect subtle change.
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There have been multiple methodological approaches to explore the benefits of non-
pharmacological therapiesin patients with AD. These included studies of: 1) memory
training in one specific task (e.g., errorless learning paradigm) and its effects on memory
function [41], [42], or on other cognitive functions [43] or activities of daily living (ADLYS)
[44], 2) training in ADLSs (procedural memory stimulation) and its effects on the same tasks
[45], 3) psychosocial intervention programs (i.e., Reality Orientation Therapy) [46], 4)
combination of cognitive stimulation and counselling (patients and caregivers) [47], 5)
combination of cognitive rehabilitation with mental stimulation techniques [48], 6)
combination of cognitive enhancers and computerized cognitive training [49], and 7)
comprehensive cognitive and motor stimulation programs [16]. Although these approaches
show varying degree of benefits from non-pharmacological interventionsin patients with
AD, itisdifficult to establish comparisons among studies, since the outcome measures and
duration of the interventions were not the same, especially when compared to medication
trials. Studies of non-pharmacological interventions should, therefore, use the same
outcome measures and study duration as the pharmacological trialsin order to provide a
better perspective of the effects of non-pharmacological therapies. The present study used
the ADAS-Cog and MM SE, which are the standard cognitive measures used in drug trias;
subjects who had cognitive/motor stimulation therapy had improved scores, and this effect
was enhanced by the use of a computerized program.

One of the limitations of the study is that we were unable to complete the
neuropsychological battery (secondary outcomes) in the ChEls Control. Therefore, we
could not further expand our analysis to specific cognitive domains. The improvement seen
with the ADAS-cog and the MM SE was not seen with the SKT. Whether, these therapies
have beneficial effectsin some cognitive domains, and not in others may explain this
discrepancy. However, the limited scope of the cognitive functions assessed by the SKT,
and apossible ceiling effect in mildly impaired subjects can also explain these findings.

The patientsin the Experimental and the IPP Control groups were participantsin the
day-care center; the only difference between the groups was that one received the IMIS.
Subjectsin these groups were drawn from the same institution where the IPP program is
used in all patients. Therefore, we could not create a group of patients receiving day-care
only, since patients could not be isolated from their daily stimulation routines (which are an
integral part of the day-care program).

Although thiswas artrial of a non-pharmacological intervention, one way to
conceptualize the design isto consider that we were able to evaluate “ dose” and
“tolerability”. In thiscontext, the “dose” refersto the amount of time each day that a
patient could engage in the IMIS. Similarly, we could consider the patient’s willingness to
complete the assigned tests on schedule as a measure of “tolerability”. Therefore, we
started with sessions of 15 minutes of duration, and increased them to 25 minutes, and all
patients completed the minimum requirement of 58 sessions.

Future research is needed to evaluate the efficacy of the IMIS-type programsin
larger, more diverse populationsin order to understand factors that may modify the
response, as well as to establish itslong-term effects (> 1 year). The IMIS should be tested
outside the controlled clinical environment (i.e., home-based) to determine the efficacy of
“distance therapy” in AD. Nevertheless, the results of this study suggest that thisisa
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promising avenue of approach to help maximize an individual patient’s cognitive functions
in the context of a progressive degenerative disease, potentially altering the impact of the
condition on both the patients and the caregivers.
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Differences

Figure 1. MMSE mean change after 12 and 24 weeks
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Differences

Figure 2. ADAS-Cog mean change after 12 and 24

weeks
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Figure 3. Levels of difficulty mean values attained hy the Experimental
group on each cognitive function, over a 24 -week training period.
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