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Abstract

Background: Cognitive decline in normal aging is a major concern in aging societies as
it impacts independence in daily life, quality of life and life expectancy. Population aging
in the coming decades makes the prevention of cognitive decline and maintenance of
functional capacity, important public health issues due to the social impact and economic
costs of the demographic process.

Objective: Research aims to evaluate the effectiveness of combined digital inclusion and
physical activity interventions in the prevention of cognitive and functional loss among
elderly residents in a large urban center in Brazil. The study is a comparative controlled
study in primary care setting.

Methods: We sampled 112 individuals from a population cohort of adults ages 60 and
older, previously evaluated by Clinical Dementia Rating scale (zero and 0.5 scores), with-
out depressive symptoms allocated to intervention group (IG) and control group (CG). IG
participants attended a computer-based digital inclusion program combined with physical
activity, with 80-min sessions twice a week for 17 weeks, whereas the CG followed their
daily routine. We administered neuropsychological tests to all participants at baseline and
follow-up (Montreal Cognitive Assessment - MoCA, Mini-Mental Status Exam - MMSE, list
of words, verbal fluency, and animal categories), plus an evaluation of independence in
activities of daily living — ADL and the Geriatric Depression Scale - GDS.

Results: An intention-to-treat analysis showed an average increase of 1.23 points in MoCA
scores after the intervention (p=0.012). Secondary analysis considering the number of
sessions attended showed that MoCA scores increased 0.074 points on average for each
session attended (p<0.001) and MMSE scores increased 0.029 points on average for each
session attended (p<0.022). There were no statistical differences post-intervention for the
other variables.

Conclusions: The intervention improved global cognition among elderly residents. The
results did not show improvements in specific cognitive domains or independence in
daily life. We recommend longer and more powerful studies statistically to further assess
the impact of this strategy in the prevention of functional and cognitive loss.
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trolled trial, older adults

Vicentin et al. Gerontechnology (2020)19:3
https://doi.org/10.4017/gt.2020.19.003.08

INTRODUCTION

Cognitive decline in normal aging is a major con-
cern in aging societies. It impacts on learning,
memory, language, and orientation, therefore
impairing independence in daily life activities
as well as the quality of life and life expectancy
(Ramos et al., 2001, Singh-Manoux et al., 2012;
Small & Backman, 1999). Population aging in the
coming decades makes the prevention of cogni-
tive decline and maintenance of independence

important issues in public health, due to the
social impact and economic costs (Prince et al.,
2015). This scenario is even more stringent in low
and middle-income countries where age-related
cognitive decline is aggravated by low educa-
tional levels and poor health status (Nitrini et al.,
2009, Prince et al., 2014). Primary prevention
should focus on reducing modifiable risk fac-
tors for cognitive impairment, such as physical
inactivity, depression, and low educational at-
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tainment, among others (Livingston et al., 2017).

There are evidences that cognitive stimulation
programs can slow down cognitive decline in
old age. They include cognitive training with a
set of exercises involving repeated practice and
increased difficulty in levels of cognitive func-
tions (Bamidis et al., 2014, Clare & Woods, 2003;
Martin et al., 2011). Unlike cognitive rehabilita-
tion, cognitive stimulation/training does not em-
phasize a specific cognitive domain but includes
procedures designed to provide general cogni-
tive stimulation, in a social context, present-
ing the benefits of community-based programs
(Clare & Woods, 2003).

The use of technology is nowadays part of the
daily life of people all over the world. The infor-
mation society might have potential benefits to
the quality of life for older people, as it enables
them to establish and maintain social relations,
protecting them from social isolation (Boz &
Karatas, 2015). Indeed, technological devices are
frequently being used to design new interven-
tion programs for cognitive stimulation of older
adults in the community (Klusmann et al., 2010;
Kueider, Parisi, Gross, & Rebok, 2012; Lampit,
Hallock, & Valenzuela, 2014; Shao et al., 2015).
Technological devices, however, may present a
challenge for those lacking previous experience
with them. For this population, it’s necessary to
previously develop the ability to use computers
and the internet, promoting digital inclusion and
digital literacy (Lankshear & Knobel, 2008).

A nationwide cohort of people aged 50 and older
in England, found evidences that Internet/email
use reduced cognitive decline and increased
their delayed recall capability, with a strong ef-
fect size compared with non-users and intermit-
tent users (Xavier et al., 2014). D'Orsi et al. (2017)
found that baseline internet use was associated
with a 40% reduction in dementia risk assessed
after six years. It also reduced the incidence of
IADL impairment (D’Orsi et al., 2014) and made
users more likely to report healthy behaviors
than ‘never users’ (Xavier et al., 2013).

Results of community intervention studies, how-
ever, are inconsistent; the effectiveness of digital
inclusion to enhance cognitive function remains
unclear and design aspects, such as length (min-
utes per session), frequency (sessions per week),
and duration (number of weeks) seem to play a
role in the results (Lampit et al., 2014; Shao et
al., 2015). Worth mentioning that the majority of
the studies took place in high-income countries
— USA and Europe (Law et al., 2014). Social deter-
minants in low-middle-income countries such as
restricted access to formal schooling may influ-
ence the results of interventions (Scazufca et al.,

2008). A recent systematic review was inconclu-
sive on whether computerized cognitive training
can produce lasting effects and suggested more
research to find out whether longer periods of
training work better (Gates et al. 2019).

A systematic review showed that combined cog-
nitive and exercise training in older adults with
or without cognitive impairment can be effective
for improving cognitive function and functional
status (Law et al., 2014). A recent meta-analysis
with more than 2600 subjects over 50 years of
age without known cognitive impairments, from
20 studies mostly performed in high-income
countries, showed a small overall effect size in
the cognition of combined intervention versus
a control group. Greater improvements were
seen among the older age groups compared to
the younger ones. Group settings appeared to
be more beneficial than home-based individual
programs (Zhu et al., 2016).

We thus aimed to examine the effects of a con-
trolled intervention that combined digital inclu-
sion and physical activity on the cognitive func-
tion and independence in daily life of a commu-
nity-based cohort of elders in Brazil.

METHODS

Study area and population

Between December 2007 and April 2008, we
drew a random sample of 2000 people aged 60
years or more living in a middle-class neighbour-
hood, with high educational level and low mi-
gration rates, in the city of Sao Paulo for house-
hold survey to assess functional capacity (Ra-
mos et al., 2013). After the home interview we
invited all interviewees to participate in an open
cohort and a total of 1155 elderly attended and
had a baseline gerontological evaluation at the
university aging centre (CSA) that provided data
on socio-demographic characteristics, referred
chronic diseases, medications in use, cognitive
status, and independence in daily life.

Study sample

In 2015, we contacted a sub-sample of this co-
hort, previously evaluated for dementia using a
validated Portuguese version of the Clinical De-
mentia Rating scale (CDR) (Montafio & Ramos,
2005). Between October 2015 and March 2016
all subjects were contacted and invited to par-
ticipate in the present study, after an explanatory
talk. Those who agreed were booked for a new
application of the CDR, applied by a trained
professional through an unstructured interview
with a relative or close contact of the partici-
pant. The inclusion criterion was being part of
the aged cohort (60+) in the study area (Ramos
et al. 2001), with normal cognition (CDR=0) or
mild cognitive impairment (CDR=0.5) (Morris,
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1996; Montano & Ramos, 2013). The exclusion
criterion was the diagnosis of a chronic or de-
bilitating health condition that impeded a sub-
ject to participate in either intervention activities.
There are evidences that cognitive stimulation
programs can slow down cognitive decline in
old age. After signing the consent form, subjects
were assigned to two comparative study groups
— intervention and control — with an allocation ra-
tio of 1:1, based on the sequence of their arrival
in the study. Within the limitation of the cohort
sub-sample size, we also frequency-matched in-
tervention group subjects to a control group with
respect to gender (M:F).

Outcome measures

Neuropsychological tests were administered at
baseline and after the intervention. The Mon-
treal Cognitive Assessment (MoCA) (Nasreddine,
Phillips, & Bedirian, 2005) and Mini Mental State
Examination (MMSE) (Folstein et al., 1975) were
used to assess global cognition. At the inception
of the cohort, subjects answered the MMSE. After
the first wave, and before the start of the present
study, we decided to use the MoCA because it
has shown less educational bias, but we kept the
MMSE for the sake of longitudinal comparisons.
Both instruments have a maximum score of 30
points indicating intact cognition, determined by
the sum of points in different cognitive domains.

The Word List Memory composed of twelve un-
related words was used to assess memory; the
score is obtained by the sum of the words evoked
in three trials, with a maximum score of 36 points
(Atkinson& Shiffrin, 1971). Verbal Fluency was as-
sessed by the animal categorical test (Isaacs & Ken-
nie, 1973). Independence in daily life was meas-
ured by an Activities of Daily Living (ADL) scale
that assessed limitations to perform 15 personal
and instrumental ADL, through a self-reported
questionnaire (BOMFAQ) (Ramos, 2003) that gen-
erates a zero to 15 score, in which higher scores
indicate more limitations and less independence.

The validated Portuguese version of the Geriat-
ric Depression Scale (GDS) (Paradela, Lourenco,
& Veras, 2005) was used to detect the presence
of clinically relevant symptoms of depression
(Yesavage et al., 1982). Although we considered
depressive symptoms an exclusion criterion, they
were also an outcome variable, considering that
only people without depressive symptoms were
included in the study.

Intervention and control groups

The intervention group (IG) participants were
supposed to attend 34 sessions (two/week) at
the CSA, each group with seven participants
and three trained assistants present. The sessions
included an initial 20 minutes of physical activ-

ity — global stretching and light aerobic exercises
in the surroundings. Next, we offered the par-
ticipants 40-45 minutes of computer activities
focusing on digital inclusion and use of the in-
ternet, followed by 15-20 minutes of group dis-
cussion about what they experienced in the ses-
sions. The content covered in computer sessions
followed a gradual sequence of difficulty, which
allows the exploration of the machine focusing
on digital inclusion. The protocol had 4 levels:
first, development of psychomotricity, involv-
ing the use of a mouse, keyboards, virtual key-
board, drawing creation, photo galleries, Pow-
erPoint presentations; second, identity, viewer
emergence as you explore various devices and
interactive tasks based on internet browsing and
individual games; third self-awareness, criticism,
and accountability in the use of devices and in-
teractive tasks using search engines, blogs, quiz
games, virtual games and fourth, alterity, au-
tonomy and cooperation, ending with the use of
electronic mail, Skype, Social Networks, coop-
erative games (Xavier, 2004; Xavier et al., 2008).
The hardware used were: keyboards, mice, web-
cams, microphones, 17” monitors. Experienced
software were: Windows®, Skype®, Internet
browsers, Webmail, Messenger®, Google®
tools, Facebook®, and online games. Specific
workshops dealt with the handling of smart-
phones. All the computer sessions had graduate
students as monitors to facilitate subjects learn-
ing. This intervention methodology was based
on previous studies (Krug et al., 2015; Krug et al.,
2017, Xavier et al., 2004). The control group (CG)
followed their daily domestic routine and had
medical follow-up offered at CSA, the same as
the IG. We re-evaluated both groups 17 weeks
after baseline.

Data analysis

Differences in baseline between intervention
and control groups for all the explanatory vari-
ables were analyzed through Student’s t-tests for
independent samples and Fischer’s tests for cat-
egorical variables. We implemented a multivari-
ate linear regression to analyze the associations
of outcomes and the intervention. For each out-
come, we adjusted the regression model effects
of interventions to other explanatory variables
and baseline measures of the outcomes variables.

An intention to treat (ITT) principle was used
with the inclusion of all participants who pre-
sented a follow-up measure of the outcome, ir-
respective of deviations from treatment protocol
(e.g., non-compliance). Dependent variables in
the models included the follow-up measure of
the response variables of interest (MoCA, MMSE,
word list, evocation, verbal fluency, GDS, and
ADL) as dependent variables. The explanatory
variables were gender (male and female), age in
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Table 1. Baseline characteristics of Intervention Group and Control Group — categorical variables.

Total Intervention group ~ Control group .
p-value
(n=107) (n=53) (n=54)
n % n % n %o
Male 21 19.6 13 24.5 8 14.8 0.232
Gender
Female 86 80.4 40 75.5 46 85.2
Low 4 3.7 1 1.9 3 5.6
Education Medium 18 16.8 9 17.0 9 16.7 0.785
High 85 79.4 43 81.1 42 77.8
0 56 52.3 31 58.5 25 46.3 0.247
CDR status
0.5 51 47.7 22 41.5 29 53.7

*p value is based on Fisher’s test; CDR=Clinical Dementia Rating.

years, schooling (low as less than 4 years in for-
mal school, medium as 4 to 8 years, and high as
8 or more years), CDR status (zero or 0.5), and
group insertion (intervention or control). The ex-
planatory variables age and baseline measures
of the outcome variables were centered at their
means at baseline in order to make the intercept
of the regression equations interpretable. We
used a backward procedure for the removal of
non-significant explanatory variables at a 0.05
level to obtain a final model.

In a second analysis, considering that the sub-
jects in the 1G presented different rates of adher-
ence to activities, we used the number of attend-
ed interventions as the main independent vari-
able. As some subjects in the IG did not attend
any sessions, the IG indicator coefficients would
account for the change in constants (intercepts)
due to the zero attended sessions in the 1G. As

in the previous analysis, we used the backward
procedure for the removal of non-significant ex-
planatory variables from the final model.

Interactions among the explanatory variables
were not found any in either analysis. We also
report effect sizes (measured by partial n? and
the power (%) to detect the differences from
zero of the regression coefficients. Norms for in-
terpreting n? are: 0.01=small effect, 0.06=mod-
erate effect, and 0.14=large effect. All statistical
analyses were performed with SPSS 24.0 (IBM
Corp., Chicago, IL).

Ethical aspects

The Ethics Research Committee of the Universi-
dade Federal de Sao Paulo approved all proce-
dures (Process no. 1.232.164, project 0960/2015).
All participants signed the informed consent
form.

Table 2. Baseline characteristics of Intervention group and Control group - continuous

variables.
Total Intervention group  Control group
(n=107) (n=53) (n=54) p-value®
Mean SD Mean SD Mean SD

Age (years) 75.8 7.0 76.3 6.8 75.3 7.2 0.461
MoCA 22.6 3.6 22.7 3.2 22.6 3.9 0.796
MMSE 27.1 2.4 27.1 2.5 271 2.3 0.997
GDS score 1.9 2.1 1.7 2.1 2.1 2.0 0.239
Word list 18.1 5.5 17.6 55 18.7 5.6 0.315
Evocation 6.5 2.6 6.5 2.7 6.5 2.6 0.957
Verbal fluency 5.3 2.0 5.2 2.1 5.3 1.9 0.858
ADL 1.9 2.7 1.5 2.10 2.3 3.3 0.170

*p-values are based on t test for independent samples.

MoCA=Montreal Cognitive Assessment; MMSE=Mini Mental State Examination; GDS=Geriatric Depression Scale;

ADL=activities of daily living.
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Table 3. Initial and final model comparing effects of the interventions after 4 months on MoCA, modified ITT.

DM e ewa Yo
Initial model Constant* 23.5 [22.0; 25.0] 31.7 <0.001
MoCA Intervention group 1.3 [0.3;2.2] 2.6 0.010 6.5 73.6
MoCA baseline ct 0.6 [0.4;0.8] 7.6 <0.001 37.1 100.0
Female gender 1.0 [-0.3;2.3] 1.6 0.123 2.4 33.8
Low schooling -2.4 [-5.1;0.3] -1.8 0.076 3.1 42.7
Medium schooling -0.3 [-1.7;1.2] -0.4 0.731 0.1 6.4
CDR 0.5 -0.3 [-1.3;0.7] -0.5 0.600 0.3 8.2
Age ct -0.04 [-0.11; 0.03] -1.1 0.256 1.3 20.5
Final model Constant* 24.1 [23.4; 24.7] 71.2 <0.001
MoCA Intervention group 1.2 [0.3;2.2] 2.6 0.012 6.0 72.1
MoCA baseline ct 0.7 [0.6;0.8] 10.3 <0.001 50.2 100.0

*Reference: control group, male gender, high schooling, ct=centered at baseline mean value. Cl: confidence interval; MoCA: Montreal Cognitive

Assessment; ITT: Intention to treat.

ResuLts

At the beginning of the study, 164 subjects were
contacted, 13 declined to participate and 39 did
not meet the inclusion criteria (no subjects were
excluded from the initial sample because of the
exclusion criterion), resulting in 112 participants,
56 in the Intervention Group (IG) and 56 in the
Control Group (CG).

In the IG, three participants were not included
in the analyses (one died, one moved to another
city, and one had a fracture in the upper limb
post-evaluation). The number of attended ses-
sions in the intervention group ranged from zero
to 33 (mean=19.2, SD=11.2, median=25). Six
subjects in the intervention group did not attend
any sessions but performed the final assessments.
All subjects in the IG did not attend at least one
session of the planned 34 intervention sessions.
In the CG, two participants did not respond to
the call for post evaluation.

Finally, there were 53 older adults in the IG,
24.5% men (n=13), and 75.5% women (n=40),
with a mean age of 76.3 +6.8 years. In the CG,
there were 54 participants, including 14.8% men
(n=8) and 85.2% women (n=46), with a mean
age of 75.3 + 7.2 years. No significant differences
were found in baseline means of the character-
istics between intervention and control groups
(Tables 1 and 2).

The IG showed a significantly higher MoCA
mean score after 4 months by 1.23 points
(p=0.012) than the CG. No significant differenc-
es were found after 17 weeks for MMSE, GDS,
Word List, Evocation, Verbal Fluency, and ADL
in the IGvs.CG after adjusting for the baseline
measurements of outcomes, gender, CDR status,

schooling, and age. The results from the regres-
sion models for the final response variables in
the ITT analyses are presented in Table 3.

Secondary analyses assessed the contribution
of the number of sessions the volunteers par-
ticipated in (0 to a maximum of 33) to the final
response variables. The number of attended
sessions was an independent predictor of final
MoCA and MMSE scores. Final MoCA scores
increased on average by 0.07 points (p<0.001)
for each one unit of increase in the number of
attended sessions. Final MMSE scores increased
on average by 0.03 points (p=0.022) per unit in-
crease in the number of attended sessions. The
number of attended sessions did not significantly
explain final scores of GDS, Word List, Evocation,
Verbal Fluency, or ADL after adjusting for their
baseline measurements, and baseline measures
of gender, initial CDR status, schooling, and age.
Again, schooling level played a significant role in
MMSE and Verbal Fluency mean scores. As in
the analysis that followed the ITT principle, age
had a significant effect on Word List and Evoca-
tion scores. In the MoCA result, 13.5% of the
variance was due to the number of attended ses-
sions, with a power of 97.9%. In the MMSE result,
5% of the variance was due to the number of at-
tended sessions, with a power of 63.3% (Table 4).

DiscussioN

The present study aimed to examine the effects
of a combined computer-based and physical ac-
tivity program on cognitive functions and inde-
pendence in daily life in community-dwelling el-
derly individuals. We found a significant positive
effect of the intervention on cognitive function,
as measured by MoCA and MMSE scores. No
significant effects of the intervention were found
on ADL and other neuropsychological tests.
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Table 4. Initial and final regression models assessing the effect of the number of attended intervention
sessions and control groups on MoCA and MMSE after 4 months.

Partial n? Power
Dependent Indep.endent B C195% t p n
variable variable (%) (%)
Initial model Constant* 23.7 [22.3; 25.1] 33.2 <0.001
MoCA Number of 0.09  [0.03;0.15]  3.09  0.003 8.9 86.4

attended sessions
MoCA baseline ct 0.6 [0.4;0.7] 7.4 <0.001 35.5 100.0

Change in constant

due to intervention -0.6 [-2.1;0.9] -0.8 0.430 0.6 12.3
Female gender 0.9 [-0.3; 2.1] 1.5 0.137 2.2 31.7
Low schooling 2.3 [-4.9;0.3] -1.8 0.079 3.1 42.1
Medium schooling -0.3 [-1.7;1.0] -0.5 0.626 0.2 7.7
CDR 0.5 -0.4 [-1.4;0.5] -0.9 0.363 0.9 14.8
Age ct -0.03 [-0.10; 0.04] -1.0 0.337 0.9 15.9
Final model Constant* 23.9 [23.4; 24.5] 81.7 <0.001
MoCA atte’:‘)‘é’:db:;‘s’ifons 0.07  [0.04;0.111 40  <0.001  13.5 97.9
MoCA baseline ct 0.7 [0.5;0.8] 10.1 <0.001 49.4 100.0
Initial model Constant* 27.9 [27.0; 28.9] 57.1 <0.001
MMSE atte’:‘]‘&:‘db:;‘s’ifons 0.05  [0.01;0.09] 2.2 0.030 4.7 58.9
MMSE baseline ct 0.3 [0.2;0.4] 4.2 <0.001 15.0 98.4
g::':ﬁ::’:;“/’:ﬁ:‘:ﬁ 0.5 [-1.5:0.5] 1.0 0.336 0.9 16.0
Female gender 0.4 [-0.5;1.2] 0.8 0.402 0.7 13.3
Low schooling -1.9 [-3.6;-0.2] -2.2 0.030 4.7 58.7
Medium schooling -1.7 [-2.6; -0.8] -3.7 <0.001 12.0 95.1
CDR 0.5 -0.6 [-1.2;0.1] -1.7 0.093 2.9 39.0
Age ct 0.01 [-0.04 ; 0.06] 0.43 0.665 0.2 7.1
Final model Constant* 27.9 [27.5; 28.4] 126.5 <0.001
MMSE atteﬁﬂ:‘db:;;s’ifons 0.03  [0.01;0.05] 2.3 0.022 5.0 63.3
MMSE baseline ct 0.3 [0.2;0.4] 4.4 <0.001 16.0 99.2
Low schooling -1.9 [-3.6;-0.2] 2.2 0.032 4.4 57.5
Medium schooling -1.7 [-2.6;-0.8] -3.84 <0.001 12.6 96.7

*Reference: control group, male gender, high schooling, ct=centered at baseline mean value. CI: confidence interval; MoCA: Montreal Cognitive
Assessment; MMSE: Mini-Mental Status Exam; ITT: Intention to treat.

ercises have a positive influence on the global
In recent years, the interest in non-pharmaco-  cognition of healthy older people (Bruderer-
logical methods of preventing cognitive and Hofstetter et al., 2018; Lauenroth et al., 2016). A
functional decline has increased. In line with the  promising result, especially as cognitive decline
results of the present study, some interventional increases the risk for mild cognitive impairment
studies have shown positive results on attention and further dementia (Prince et al., 2015). Con-
(Rahe et al., 2015) and the global cognitive func-  sidering the study population, a previous inves-
tion of older people (Shatil, 2013). In addition, re-  tigation showed that older people with a CDR
cent systematic reviews and meta-analysis have  of 0.5 had 3.82 times higher risk of converting
shown that combined cognitive and physical ex-  to dementia in relation to CDR 0 (Montafio, An-
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dreoni, & Ramos, 2013).

Our finding also corroborates results from a
study based on the same intervention method-
ology conducted in Florianopolis, Brazil that
demonstrated a significant increase in the MMSE
score comparing the intervention group with the
control group (Krug et al., 2017).

Likewise, the combination of computerised
cognitive exercises to a strength-balance exer-
cise protocol in a randomized controlled trial
showed positive interaction effects for dual tasks
of walking and divided attention, strengthening
the notion that it is advantageous to combine
physical and cognitive training in clinical prac-
tice (Van het Reve & de Bruin, 2014).

However, there is a lot of diversity in the design
of interventions, and there is no consensus on
which features are the most effective. Recent
literature reviews point out that aspects such as
length (minutes per session), frequency (sessions
per week), duration (number of weeks), and
intensity of cognitive inclusion influence effec-
tiveness (Bruderer-Hofstetter et al., 2018; Clare
& Woods, 2003; Lampit et al., 2014; Zhu et al.,
2016; Laurenroth et al., 2016).

In the present study, we did not observe inter-
vention effects on specific cognitive domains
such as memory and verbal fluency. This can
be understood by the characteristic of the pro-
gram that aimed at global cognitive stimulation
and did not focus on a specific domain. This re-
sult is in line with some other studies that did not
demonstrate effects on memory after 16 weeks
of combined physical plus cognitive activity fo-
cused on the simultaneous training of several ba-
sic cognitive abilities (Linde & Alfermann, 2014).

Considering the results of MMSE and MoCA, it
should be noted that, although the MMSE is the
most widely used brief cognitive test to monitor
change by serial testing in clinical and research
settings, it is already known that the two tests
have different psychometric properties, with the
MoCA showing higher sensitivity for cognitive
evaluation (Smith et al. 2007).

The results of the present study indicate the sig-
nificance of participant’s adherence to interven-
tion activities on improved cognitive function.
The participants who attended more sessions
had greater benefits. The older population is
more susceptible to occurrences that may re-
strict participation in more extensive programs.
In our study, the main reasons reported for non-
presence in the intervention were health prob-
lems and scheduling incompatibility. Although
we phone called all absentees to check why

they did not have the last intervention, only 54%
of the participants attended more than 70% of
the program. We did not find any studies in
the literature that considered adherence to in-
tervention activities as an independent variable
for improved cognitive function. Our study find-
ings suggest that adherence is paramount and a
factor to be sought and facilitated in preventive
programs for older adults in the community. This
aspect could play a crucial role in the design
choices for effectiveness and may clarify aspects
related to the dose-response of this intervention
(Bruderer-Hofstetter et al., 2018).

In addition, the results showed that the educa-
tional level was an independent factor in the
results of the MMSE and verbal fluency. The
relation between MMSE and educational level
is already well registered in the literature (Ber-
tolucci, 1994, Crum, 1993). The majority of par-
ticipants in this study had more than eight years
of study (81.1% in IG and 77.8% in CQ). This
factor can have had an influence on the base-
line status of the subjects and possible ceiling
effects on the measurements taken. In addition,
age plays a role in the results for word list and
evocation, which include a great component of
memory ability, a very sensitive domain in the
aging process(La Rue, 2010).

We did not find an intervention effect in inde-
pendence in activities of daily living. Oswald
et al (2006) found a significant improvement in
physical function (i.e., index of measures of co-
ordination, flexibility, rhythm, adaptability, read-
justment to a moving object, agility/endurance
and strength), which is closely related to IADL,
after a combined cognitive and physical inter-
vention. Considering that in the present study
the endpoint was limitations in ADL, we can
understand that the volume and duration of the
physical activity component may have been in-
sufficient to generate sizeable benefits, reinforc-
ing the importance of following the guidelines
for physical activity for older people for this pur-
pose (Chodzko-Zajko et al., 2009, WHO, 2010).
Although some specific cognitive domains are
strongly related with instrumental ADLs, espe-
cially executive function, working memory, and
attention (McAlister & Schmitter-Edgecombe,
2016), other studies also did not find any effec-
tiveness of combined cognitive and physical in-
terventions to improve IADL (Bruderer-Hofstetter
et al., 2018, Fiatarone Singh et al., 2014) reinforc-
ing the need to better understand the underlying
mechanisms in this possible association.

The current study had several limitations. First, we
had a small sample size, a fact that was shaped
by the study's operational characteristics, thereby
naturally reducing the statistical power. In addi-
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tion, this limited number of study participants
precludes analyses considering healthy individu-
als (normal cognition) separately from those with
mild cognitive impairment (CDR=0,5), which
would allow more accuracy in comparison with
the literature. Second, due to operational limita-
tions, we did not properly randomize the par-
ticipants into treatment groups, thus potentially
contributing to the introduction of confounding
and selection bias. However, our inclusion cri-
teria based on CDR and frequency matching of
the intervention and control groups according
to gender and CDR, rendered treatment groups
somewhat comparable regarding the main vari-
ables of interest in the analysis. The fact that all
study participants live in the same middle- to the
upper-middle class neighbourhood, and have a
very high level of education attainment, also con-
tributed to their similarities regarding outcome
and explanatory variables. In addition, we added
all participants to the analyses, as an intention to
treat is a recommended approach to several types
of non-adherence to the study protocol (Petkova
& Teresi, 2002). Third, we did not have a physi-
cal capacity-only measurement to verify possible
effects on physical functions, or other specific
cognitive function tests, to assess executive func-

tions and reaction time, assuming that other in-
struments might have been better at detecting
differences. It should also be considered that the
study population had a high socioeconomic and
educational level, which could have had a cel-
ling effect on the intervention results. Finally, it
is possible that the control group subjects could
have engaged in physical activities and computer
use on their own, since recording private activi-
ties were not contemplated by the study design.
However, this could only bias our results towards
the null hypothesis of no association.

CoNcLUsION

A combined computer-based and physical activ-
ity intervention had a positive effect on the glob-
al cognition of community-dwelling older adults.
This study, however, showed that the interven-
tion did not affect specific cognitive domains
or independence in daily life activities. Future
research with a larger sample size, longer dura-
tion, and blind-randomized design should help
increase the understanding of the effectiveness
of combined cognitive and physical interven-
tions to prevent cognitive and physical function
loss among older people living in the community.
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