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Abstract

Objective. The purpose of this study was to evaluate the efficacy of a multimedia and interactive cognitive program
on cognition and depressive symptomatology in healthy older adults.

Methods. Adults aged >65 years were randomly assigned to two groups: the experimental group in which the
participants received a computerized cognitive training application; and the control group in which the participants
received no intervention during the protocol. Performance on the mini-mental state examination (MMSE) and the
short-form of the geriatric depression scale (GDS-SF) were analysed using a three-way repeated-measure analysis of
variance.

Results. To determine cognition after the training, the cognitive program was used and the results were assessed using
the MMSE, indicating that the significant time effects within the groups reflected the score for cognitive assessment
that was significantly better after the intervention in the experimental group. No significant differences were observed
with regard to the depressive symptomatology or between the groups according to sex or educational level on the two
dimensions previously established (cognition and depressive symptomatology).

Conclusion. The development of technological applications for intervention in older adults is increasing. Based on the
established objective, we can conclude that the computerized intervention may constitute a good alternative to
enhance the cognitive status in older people.

Keywords: Randomized controlled trial; Older people; Computerized cognitive training; cognition; Depression

1. Introduction

With ageing, there is an increased risk of experiencing a decline in cognitive abilities, which affects not
only the functional dependence but also increases morbidity and mortality in the elderly population
(Millan-Calenti et al., 2009). In recent years, non-pharmacological interventions for cognitive
maintenance, such as stimulation or cognitive training programs, have proven to be an efficient tool as an
isolated intervention and its association with several medications (Bergamaschi et al., 2013; Requena,
Maestu, Campo, Fernandez, & Ortiz, 2006). Because cognitive decline is evident in the group of older
people, there is increased interest in the use of cognitive training programs for the geriatric population.
Information and communication technologies (ICT) may be used for cognitive training with older adults
because the majority of the studies have proven that the elderly do not need to be technologically savvy to
successfully complete or benefit from this training. Overall, the findings are comparable to or better than
those reported in reviews of the more traditional, paper-and-pencil, cognitive training approaches,
suggesting that computerized training is an effective and less labour-intensive alternative (Kueider, Parisi,
Gross, & Rebok, 2012). Nevertheless, several studies have shown negative results regarding such
therapies, thus concluding that learning to use a computer and browsing the Internet does not benefit
healthy, community-dwelling older adults with respect to many domains of cognitive functions (Slegers,
van Boxtel, & Jolles, 2009).

As a consequence of this important technological advance, several specialized memory aid software
and commercial devices have been marketed (Caprani, Greaney, & Porter, 2006; Maseda, Millan-Calenti,
Lorenzo-Lopez, & Nufiez-Naveira, 2013); however, few of these types of software and devices have been
scientifically tested and validated (Butti, Buzzelli, Fiori, & Giaquinto, 1998; Gonzalez-Abraldes et al.,
2010; Shatil, Metzer, Horvitz, & Miller, 2010; Tarraga et al., 2006). Although several reviews have
indicated that computerized cognitive training is modestly effective in improving cognitive performance
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in healthy older adults and that the efficacy varies across cognitive domains largely determined by design
choices, additional research is required to enhance the efficacy of the intervention (Lampit, Hallock, &
Valenzuela, 2014).

Computer-based cognitive stimulation appears to be a promising area of intervention and the limited
data that are available support the hypothesis that computerized cognitive interventions can improve
cognitive performance not only in older people with cognitive impairment but also in healthy older adults
(Howren, Vander Weg, & Wolinsky, 2014). Cognitive exercise training in the later stage of life may also
have a beneficial effect independent of earlier life experiences (Valenzuela & Sachdev, 2009). Other
studies have demonstrated that cognitive stimulating activity might help to protect against cognitive
decline in later life (La Rue, 2010; Maseda et al., 2013; Wilson, Scherr, Schneider, Tang, & Bennett,
2007). This protective effect is in the order of approximately 40-50%, even after simultaneous control for
other risk factors, including educational level (Valenzuela, Breakspear, & Sachdev, 2007). Nevertheless,
Lojo-Seoane, Facal, Guardia-Olmos and Juncos-Rabadan (2014) showed that variables related to the
educational level (e.g., years of education, occupational attainment, reading habits and crystallized
intelligence) and lifestyle are the most important factors related to cognitive reserve and a general
improvement in the execution of cognitive performance tasks.

Cognitive training studies in healthy older adults or the elderly with early-stage dementia have found
that those people with better cognitive function at baseline have better post-treatment training effects
(Lam, Lui, Luk, Chau, So, & Poon, 2010; Valenzuela & Sachdev, 2009). Several clinical trials have
proposed that cognitive exercises might constitute an effective strategy for delaying the onset of cognitive
impairment (Ball et al., 2002) or even improving the cognitive status in older adults with and without
memory impairment (Maseda et al., 2013).

In addition to cognitive function, other areas of the person, such as the depressive symptomatology,
could benefit from cognitive programs. The effectiveness of non-pharmacological intervention as an
adjuvant therapy for this type of symptomatology in healthy older adults or elderly with early dementia
has been under-explored thus far (Lam et al., 2010), although depression has proven to be a serious illness
in older adults that often goes untreated because it is frequently misdiagnosed or confused with other
symptomatology patterns (Kieffer & Reese, 2002). Depression is a condition in which the patients fulfil at
least five of the Diagnostic and Statistical Manual of Mental Disorder, Fifth Edition (DSM-5) (American
Psychiatric Association, 2013) criteria for major depressive disorder (MDD) nearly every day during the
same 2-week period. Several studies have demonstrated that depression was significantly reduced after
cognitive training (Kim, Kim, & Hong, 2010), even if it was a computerized cognitive training
application (Gonzélez-Palau et al., 2014), in healthy older adults and people with early Alzheimer's
disease (Calvo, Rodriguez Pérez, Contador, Rubio Santorum, & Ramos Campos, 2011; Lee, Yip, Yu, &
Man, 2013; Wolinsky et al., 2009).

Considering all of the above information, the objective of this work was to assess the effects of using
a computerized cognitive training application on cognition and depressive symptomatology in a healthy
population aged >65 years. We examined and discussed how several socio-demographic factors, such as
gender or educational level, would influence the efficacy of the training.

2. Methods
2.1. Subjects

A total of 160 older independent-living adults were voluntarily recruited from the local community
centers in A Corufia area (northwest of Spain). A psychologist checked the eligibility of the participants
according to the following inclusion criteria: submission of written informed consent, age >65 years, and
independent living in the community. The exclusion criteria were as follows: illiterate subjects, presence
of any type of severe visual or hearing deficit, motor or not corrected deficit, cognitive impairment (<24
points in the Spanish version of the mini mental state examination (MMSE) (Blesa et al., 2001; Folstein,
Folstein, & McHugh, 1975) or any psychiatric or neurological diagnosis.

A randomized controlled trial was conducted. A computer-based random number generator was used
to divide the sample into 2 groups of 80 participants each. A total of 142 participants completed the study:
80 older adults in the experimental group and 62 in the control group due to withdrawal before the post-
intervention assessment. Examining the selectivity of attrition found that the participants who dropped out
had no common characteristics. Furthermore, for the experimental group, the subjects had to perform the
minimum established sessions (19 of 24 or completion of 80% of the training program). Progress was
monitored automatically using an electronic data register. The participants’ progress throughout the trial
is shown in a Consolidated Standards of Reporting Trial (CONSORT) diagram (Fig. 1).
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CONSORT diagram
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Analysed (n = 62) Analysed (n = 80)
Excluded from analysis (n = 0) Excluded from analysis (n = 0)

Fig. 1. CONSORT diagram.

All of the participants were assessed by trained professionals both before (pre intervention) and after
the intervention (post intervention).

2.2. Instruments and variables

All of the participants were assessed using standardized tests that were validated in the Spanish language,
in the following areas:

a) Cognition: The MMSE (Folstein et al., 1975) was used to assess the cognitive status and a validated
Spanish version was administered (Blesa et al., 2001). This version provides an adjustment of
scores for age and educational level. The adjusted scores ranged from 0 to 30, and the participants
were considered to be cognitively impaired if they scored <24.

b) Depressive symptomatology: Although there are many available instruments for assessing
depression, the geriatric depression scale (GDS) (Yesavage et al., 1982) has been tested and
extensively used in the older population (Wall, Lichtenberg, MacNeill, Walsh, & Deshpande,
1999). A Short Form of the GDS (GDS-SF) was administered, consisting of 15 questions (Sheikh
& Yesavage, 1986); it was previously validated in the Spanish language (Martinez de la Iglesia et
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al., 2002); using a cut-off of >5 points was recommended to consider the existence of probable
clinical depression.

2.3. Procedure

The study protocol, which was approved by the Ethics Committee of the University of A Corufia,
conformed to the principles embodied in the Declaration of Helsinki. Additionally, all of the participants
were previously informed of the study and provided their consent to participate in the research. The
intervention lasted for 12 weeks and consisted of 2-week sessions in which the users had to solve the
activities included in the computerized cognitive training application, Telecognitio®. This multimedia and
interactive cognitive program has been described elsewhere (Gonzélez-Abraldes et al., 2010 and Maseda
et al., 2013). Each session lasted for approximately 20 min, depending on the person's ability to solve the
proposed activities.

2.4. Statistical analysis

The data analysis was conducted using the software package IBM SPSS Statistics v.21.0 (Armonk, NY:
IBM Corp., USA). The quantitative variables were expressed as the mean * standard deviation (SD). The
qualitative variables were expressed as absolute values and percentages. The normality of the data was
tested using the Kolmogorov—Smirnov test. The differences in the distribution of the baseline
characteristics between the control and the experimental groups were examined using chi-squared tests
for the categorical variables and t-test for the continuous variables. Two three-way mixed analyses of
variance (ANOVAs) were performed to assess the effects of treatment, sex or educational level and time
on the two dimensions previously established (cognition and depressive symptomatology). In both
ANOVAS, the within-participants variable was the measure over time (pre and post intervention), and the
first between-participants variable was the group (experimental and control). The second between-
participants variable was a socio-demographic variable: in one ANOVA was the gender, and in the other
was the educational level. The level of significance was set at p < 0.05 with two tails for all tests with a
95% confidence interval (CI). Bonferroni’s tests for post hoc comparisons and Levene’s test were used to
assess the homogeneity of variances. Pairwise comparisons were performed for statistically significant

Z
simple main effects using Bonferroni correction. The effect size (partial eta square, "rnp2) and observed
power for comparisons were presented.

3. Results

3.1. Socio-demographic data and baseline assessment scores

Table 1 shows the socio-demographic characteristics of the sample. The mean age of the total sample was
74.34 years (SD = 6.40) (women, 74.6%). Concerning the educational level, 51% of the participants had
no formal education, 23.9% had primary education, 7.6% had secondary education and 17.6% had a
college degree or higher.
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Table 1. Characteristics of the participants at baseline.

Control group

Characteristics Total (n = 160) Experimental group (n = 80) (n = 80) p
Age 74.34 £ 6.40 73.45+5.95 75.48 £ 6.85 0.065°
Gender 0.618"
Female 106 (74.6) 61 (76.2) 58 (72.6)
Male 36 (25.4) 19 (23.8) 22 (27.4)
Educational level 0.056"
No formal education 72 (50.8) 40 (50.0) 41 (51.6)
Primary 34 (23.9) 15 (18.8) 25 (30.7)
Secondary 11 (7.6) 10 (12.5) 1(1.6)
College or higher degree 25 (17.6) 15 (18.7) 13(16.1)
MMSE 27.76 £ 1.75 27.89+1.75 2760+ 1.74 0.327°
GDS-SF 213+1.94 2.00+1.72 2.31+2.19 0.367°

MMSE, mini-mental state examination; GDS-SF, global deterioration scale, short form.
? t-test.
® Chi-squared test.

Table 1 shows the mean, SD and p values for comparisons between the experimental and the control
groups in the two assessed domains at baseline. According to the mean scores on the MMSE and GDS-
SF, we observed that the participants were healthy older adults because they did not suffer cognitive
impairment and depressive symptomatology. Moreover, no significant differences were observed between
the groups in terms of socio-demographic characteristics and cognitive and depressive symptomatology,
which assured the homogeneity of both samples.

3.2. Intervention effect on cognition and depressive symptomatology

The data were analysed using two three-way mixed ANOVAs with group of treatment and gender or
educational level as between-participants factors and time as a within-participants factor.
First, with regard to cognition, the mixed ANOVA (group x gender x time) did not show a significant

£
three-way interaction (Fy135 = 0.022; p = 0.883; "rnp2 = 0.000; observed power = 0.052). Nevertheless,
a statistically significant two-way interaction between the group of treatment and time for MMSE scores

was observed (Fyi33 =29.744; p<0.001; ”;an =0.177; observed power =1.000). There was a

statistically significant simple main effect of group at post intervention (Fy 13 = 20.732; p < 0.001; ”ﬁnpz
= 0.131; observed power = 0.995) but not at the pre intervention level. We observed an improvement in
the mean cognition scores in the experimental group compared with the control group ( Table 2), with a
mean difference of 1.483 (95% CI, 0.839-2.127; p < 0.001). All other two-way interactions were not
significant.

Table 2. Comparison of cognition and depressive symptomatology scores.

Pre intervention

Post intervention

Group Mean + SD (95% CI) Mean + SD (95% CI)

MMSE Experimental group (n = 80) 27.89 £ 1.75 (27.50-28.28) 28.74 £ 1.50 (28.40-29.07)
Control group (n = 62) 27.60 +1.74 (27.15-28.04) 27.50 +1.90 (27.02-27.98)

GDS-SF Experimental group (n = 80) 2.00 % 1.72 (1.62-2.38) 1.36 1.61 (1.00-1.72)

Control group (n = 62)

2.31+2.19 (1.75-2.86)

2.19 +2.16 (1.64-2.74)

Cl, confidence

interval


http://www.sciencedirect.com/science/article/pii/S0167494315300479#tblfn0005
http://www.sciencedirect.com/science/article/pii/S0167494315300479#tblfn0010
http://www.sciencedirect.com/science/article/pii/S0167494315300479#tblfn0005
http://www.sciencedirect.com/science/article/pii/S0167494315300479#tblfn0005
http://www.sciencedirect.com/science/article/pii/S0167494315300479#tbl0005
http://www.sciencedirect.com/science/article/pii/S0167494315300479#tbl0010

With regard to the depressive symptomatology scores, no significant three-way interaction

(group x gender x time) was found (Fy 135 = 0.861; p = 0.355; ”ﬁan =0.006; observed power = 0.152).
The two-way interaction between the group of treatment and time was marginally significant

(F1138 = 3.832; p=0.052; ”ﬁnpz =0.027; observed power = 0.494) because a decrease in the scores for

the experimental group was observed ( Table 2). All other two-way interactions were not significant.
Second, when including the educational level variable in the three-way mixed ANOVA, no significant

three-way interaction (time x educational level x group) was observed in any of the two dimensions

(cognition:  Fy13,=1.477; p=0.224; ”ﬁnpz =0.032; observed power =0.384; or depressive

symptomatology: Fy 134 = 0.439; p = 0.726; ”ﬁan =0.010; observed power = 0.136). Again, the two-way
interaction between the treatment group and time was significant for the MMSE (Fy 134 = 9.199;

p= 0.003; ‘"J'f?npz = 0.064; observed power = 0.853) although not for GDS-SF (Fy13, = 1.699; p = 1.195;
Tanp2 = 0.013; observed power = 0.253). As in the previous ANOVA, there was a statistically significant

simple main effect of group at post intervention (F; 13, = 11.124; p = 0.001; ”ﬁan =0.077; observed
power = 0.912) but not at the pre-intervention level. We observed an improvement in the mean cognition
scores in the experimental group compared with the control group ( Table 2), with a mean difference of
1.663 (95% ClI, 0.677-2.650; p = 0.001). All of the other two-way interactions were not significant.

In summary, the results for cognition assessed by the MMSE indicated the existence of significant
time effects within the groups; the score for cognitive assessment was significantly better after the
intervention in the experimental group (Table 2).

4. Discussion

The results of the present study indicated that there was a significant improvement in cognition in the
experimental group. In the opposite direction, no differences were observed between the pre- and post-
intervention measurements of both characteristics in the control group. Additionally, the results suggested
that regardless of gender and degree of educational level, there was not a statistically significant
improvement in both characteristics in both groups after 12 weeks of computerized cognitive training.

The therapeutic efficacy of the cognitive program Telecognitio® was already proven on the cognitive
status of older adults with and without memory impairment (Maseda et al., 2013), showing differences
between pre- and post-intervention performance on the 7-Minute Screen. Our findings demonstrated
improvement on the total score of the MMSE and therapeutic efficacy in the depressive symptomatology
of healthy older people. Additionally, this work confirmed the results of previous studies demonstrating
the beneficial effects of non-pharmacological computer-based training on the cognitive status of older
adults (Cipriani, Bianchetti, & Trabucchi, 2006; Gunther, Schafer, Holzner, & Kemmler, 2003; Rozzini et
al., 2007; Smith et al., 2009 and Talassi et al., 2007). However, other results showed no specific memory
training effects in healthy older adults because the improvements observed in the experimental group did
not exceed the improvement found in the active control condition (Martin, Clare, Altgassen, Cameron, &
Zehnder, 2011).

Research has also shown that cognitive training might help to protect against age-related cognitive
decline (Gonzalez-Abraldes et al., 2010, Maseda et al., 2013 and Wilson et al., 2007) and might reduce
depressive symptomatology (Fernandez Calvo, Rodriguez Pérez, Contador, Rubio Santorum, & Ramos
Campos, 2011; Lee et al., 2013 and Wolinsky et al., 2009). According to our results, this protective effect
might not be closely related to several socio-demographic variables (Maseda et al., 2013), which is
consistent with several systematic reviews on the subject that do not provide data for considering the
differences by gender and educational level (Kueider et al., 2012).

Our study presented new data on this topic; however, additional research is required to explore the
beneficial effects of these computerized programs in this specific population; according to the socio-
demographic characteristics, the years of education demonstrated a strong association with the risk of
dementia (McDowell, Xi, Lindsay, & Tierney, 2007). It has been well recognized that a high educational
level can be a neuroprotective factor against the negative aspects of neural ageing (Stern, 2002), thus
leading to high pre-intervention scores in the MMSE, which could make it difficult to note significant
effects after the intervention. In fact, several studies have suggested that people with lower educational
level and who suffer from cognitive impairment are those who might more specifically improve after this
type of intervention. However, at least one major epidemiologic study found that the frequency of recent
cognitive leisure activity had a stronger link to the risk of developing Alzheimer’s disease than the
educational level or a low baseline cognitive function (Wilson et al., 2007). We should therefore consider
that lifestyles that combine cognitively stimulating activities with physical activities and rich social
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networks may provide the best odds of preserving cognitive function in old age (Karp et al., 2006; La
Rue, 2010).

4.1. Strengths and limitations

According to the proven efficacy of other studied computerized cognitive training applications, we must
emphasize that Telecognitio®, as a computerized cognitive training application, has shown consistent
results similar to previous findings supporting the fact that interventions targeting multiple domains may
be more effective than those treating each domain independently (Schneider & Yvon, 2013).
Additionally, our study was conducted in social associations and the intervention consisted of 2 weekly
sessions. In general, group-based computerized cognitive training has been shown to be effective;
however, home-based computerized cognitive training is not effective, and training more than three times
a week is counterproductive (Lampit et al., 2014).

The current study presents a number of strengths that provide an added value to the results obtained.
On the one hand, the study provides favorable evidence regarding the use of a method that is cheaper and
non-invasive to prevent or delay the onset of cognitive impairment. On the other hand, adherence to the
treatment is encouraged by an attractive format that is adapted to the cognitive ability of the participants,
which surpasses the traditional techniques. Finally, it is important not to forget the potential of the ICT in
the near future, given that the current population will age completely integrated with digital devices.

Furthermore, computer and Internet use can improve certain non-cognitive variables, such as
depressive symptomatology. This social component of the new technologies is closely linked to the
increase in overall life satisfaction (Karavidas, Lim, & Katsikas, 2005) and the improvement in
interaction using social networks (both on-line and face-to-face) (Heyn Billipp, 2001). Therefore, apart
from training cognitive functions, many stimulation programs in social associations offer an innovative
solution to satisfy the needs of the increasing old population and, hence, avoid isolation and promote
social integration and people interconnectedness (Muncert et al., 2011). In fact, the only people who have
withdrawn from the study belonged to the control group, with no cognitive computerized stimulation
treatment, supporting the idea that the computerized training activities enhanced social participation in
social associations. Nevertheless, more studies regarding the use of computerized cognitive training
application in community centers are needed to validate the positive effect of this computerized training
activity in the adherence to the program.

Despite the fact that computerized cognitive training programs seem to be an effective tool to be
maintained as a community programme, it is necessary to state several limitations in this research. As
suggested in other studies (Maseda et al., 2013), future studies should introduce non-cognitive outcome
variables, such as well-being, quality of life or everyday functioning, as complementary measurements of
the efficacy of computerized cognitive training applications. Cognitive status was assessed using MMSE,
which is not the most sensitive tool to change in assessing cognitive status; however, it is a globally and
frequently used screening test for assessing cognitive impairment within approximately 5-10 min (de
Jager, Budge, & Clarke, 2003; Helmes, 2013). As previously shown by Lin, O’Connor, Rossom, Perdue,
& Eckstrom, 2013, the MMSE remains the most thoroughly studied instrument; in their review, they
found the most robust evidence for the MMSE; and depending on the cut-point, they found that
sensitivity and specificity were approximately 91-92% and 56-96%, respectively. The Spanish validation
of the MMSE of Blesa et al. (2001) presented adequate data of internal reliability (Cronbach’s alpha
coefficient, 0.94), interrater reliability (intraclass correlation index, 0.96) and test-retest reliability
(intraclass correlation coefficient, 0.87).

The MMSE had sufficient predictive power to screen for frailty in hospitalized older adults (Heim et
al., 2015). The use of a neuropsychological battery would have been adequate; however, this type of
assessment would require a longer interview with the participants, and given the nature of them (members
of associations and non-institutionalized people), there could be decreased participation, especially in the
post-intervention assessment. The GDS was found to have 92% sensitivity and 89% specificity when
evaluated against the diagnostic criteria. The validity and reliability of the tool have been supported in
both clinical practice and research. In a validation study comparing the long and short forms of the GDS
for self-rating of symptoms of depression, both were successful in differentiating depressed from non-
depressed adults with a high correlation (r = 0.84, p <0.001) ( Sheikh & Yesavage, 1986). The Spanish
validation of the GDS of Martinez de la Iglesia et al. (2002) showed an intraobserver reliability of 0.95
and an interobserver reliability of 0.65, with an internal consistency of 0.99. The sensibility reached
81.1% and the specificity reached 76.7%, for a cut-point of >5. Additionally, follow-up studies of the
cognitive training efficacy would be required to evaluate the durability of the effect of the cognitive
intervention and determine whether it lasts beyond the immediate post-intervention period or a continual
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cognitive training is required. Additionally, longer follow-up time intervals would be a favorable target in
future studies.

5. Conclusions

The development of technological applications for intervention in older adults is increasing and has
opened a wide range of new treatment possibilities. Based on the established objectives and the results
obtained in this study, we can conclude that cognitive computerized intervention, such as Telecognitio®
program, might constitute another alternative against ageing. This protective effect might be closely
related to several socio-demographic variables (educational level). The computerized cognitive training
programs might be a useful tool in clinical (e.g., hospitals and gerontological centres) and social (e.g.,
associations and local community centres) practice to improve or at least maintain the cognitive status in
healthy older adults. Additional research is required to enhance the efficacy of the intervention.
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