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Abstract

Introduction: Cognitive decline in older adults negatively affects independence and health-re-
lated quality of life (HRQoL). Integrating physical and cognitive stimuli through active video-
games (AVGs) may enhance the benefits of conventional physical exercise (CPE).

Objective: To evaluate the effects of adding AVGs to a CPE program on cognitive function and
HRQoL in community-dwelling older adults.

Methodology: A controlled trial with two parallel groups was conducted. Fifty participants aged
60-84 years were randomly assigned to an intervention group (IG: CPE+AVG) or a control
group (CG: CPE alone) for eight weeks (two sessions/week). Cognitive function (primary out-
come) was assessed with the Montreal Cognitive Assessment (MoCA), and HRQoL (secondary
outcome) with the Short Form Health Survey Version 2 (SF-12v2).

Results: Both groups led to improvements across several cognitive domains; however, the IG
showed significantly greater gains in language, delayed recall, and global cognitive function (all
p<0.05). The proportion of participants with normal cognitive function increased by 36% in the
IG (p=0.003) versus 12% in the CG (p>0.05). Compared with the CG, the IG showed significant
improvements in both the physical and mental health dimensions of HRQoL (all p<0.05).
Conclusions: The findings suggest that adding AVGs to CPE may enhance cognitive function and
HRQoL more effectively than CPE alone. AVGs appear to be a safe, engaging, and promising ad-
junct to promote cognitive health and well-being in older adults.

Keywords
Aged; cognitive function; exergaming; health-related quality of life.
Resumen

Introduccion: El deterioro cognitivo en los adultos mayores afecta negativamente la indepen-
dencia y la calidad de vida relacionada con la salud (CVRS). La integraciéon de estimulos fisicos
y cognitivos mediante videojuegos activos (VJA) podria potenciar los beneficios del ejercicio
fisico convencional (EFC).

Objetivo: Evaluar los efectos de adicionar VJA a un programa de EFC sobre la funcidn cognitiva
y la CVRS en adultos mayores que viven en la comunidad.

Metodologia: Se realiz6 un ensayo controlado con dos grupos paralelos. Cincuenta participantes
de 60-84 afios fueron asignados aleatoriamente a un grupo intervencion (GI: EFC+VJA) o a un
grupo control (GC: solo EFC) durante ocho semanas (dos sesiones/semana). La funcién cogni-
tiva (resultado primario) se evalud con el Montreal Cognitive Assessment (MoCA), y la CVRS
(resultado secundario) con la versién 2 del Short Form Health Survey (SF-12v2).

Resultados: Ambos grupos mostraron mejoras en varios dominios cognitivos; sin embargo, el
GI present6 incrementos significativamente mayores en lenguaje, recuerdo diferido y funcién
cognitiva global (p<0.05). La proporcién de participantes con funcién cognitiva normal au-
menté en un 36% en el GI (p=0.003) frente a un 12% en el GC (p>0.05). En comparacién con el
GC, el GI mostré mejoras significativas en las dimensiones fisica y mental de la CVRS (p<0.05).
Conclusiones: Los hallazgos sugieren que afiadir VJA al EFC puede mejorar la funcién cognitiva
y la CVRS de manera mas efectiva que el EFC por si solo. Los V]JA parecen ser un complemento
seguro, atractivo y prometedor para promover la salud cognitiva y el bienestar en adultos ma-
yores.

Palabras clave

Adultos mayores; funcidn cognitiva; videojuegos activos; calidad de vida relacionada con la sa-
lud.
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Introduction
___________________________________________________________________________________________________________________________|
Population aging is a complex global phenomenon that poses significant challenges for individual well-
being, healthcare systems, and society (He et al., 2023). In older adults, cognitive decline is a major
health issue, as it increases the risk of dependency and negatively affects health-related quality of life
(HRQoL) (He et al., 2023; Pan et al,, 2015). Therefore, the implementation of strategies that promote
successful cognitive aging and functional independence is crucial (Fernandez et al., 2025).

Physical exercise exerts a positive influence on cognitive function, regardless of baseline cognitive sta-
tus. Specifically, a meta-analysis indicates that it enhances executive functions, including working
memory, cognitive flexibility, and inhibitory control, in cognitively healthy older adults (Xiong et al.,
2021). It also improves global cognitive function, executive function, and delayed recall in individuals
with mild cognitive impairment (Biazus-Sehn et al., 2020). Importantly, interventions integrating cog-
nitive and physical components, particularly those applied simultaneously or interactively, lead to su-
perior improvements in executive functions, processing speed, and global cognition compared to single-
domain interventions (Rieker et al., 2022). In this context, virtual reality-based physical exercise has
also shown promise, with studies reporting improvements in inhibition and overall cognitive perfor-
mance in individuals with and without cognitive impairment (Sakaki et al., 2021). Beyond cognitive ben-
efits, physical exercise also contributes to improvements in HRQoL among older adults with mild cogni-
tive impairment, likely due to the interplay of multiple physical, mental, social, and emotional factors
(Song & Yu, 2019).

Despite the well-established benefits of physical exercise, low adherence remains a serious barrier
among older adults (Cigarroa et al., 2022). Factors influencing adherence include program structure,
professional supervision, social support, enjoyment, and technological integration (Collado-Mateo et al.,
2021). Additionally, motivation plays a key role, as participation is often driven by individuals’ per-
ceived health status and by the belief that exercise can restore function and improve daily living (Stgdle
etal, 2019). In this context, promoting regular physical exercise remains a challenge, and active video-
games (AVGs), or exergames, have emerged as an innovative, engaging, and effective approach to exer-
cise.

AVGs combine digital gaming with physical activity, requiring players to perform body movements that
are continuously translated into game inputs, thereby simultaneously engaging motor and cognitive do-
mains through integrated demands on motor execution, attention, information processing, and deci-
sion-making. This concurrent engagement generates dual-task-like conditions, in which physical ac-
tions must be performed while processing cognitively challenging stimuli (Costa et al., 2019; Yang et al.,
2023), a characteristic that is not typically present in conventional physical exercise programs and that
may explain the added value of AVGs as a complementary training modality. These games utilize various
motion-based technologies, including sensors, cameras, and interactive platforms based on immersive
or non-immersive virtual reality systems (Fusco & Tieri, 2022). While immersive systems (e.g., head-
mounted displays) enhance the sense of presence in virtual environments, their widespread adoption
in exercise settings is limited due to potential side effects including motion sickness and visual discom-
fort, collectively known as cybersickness (Cossio et al., 2025). Consequently, AVG interventions using
non-immersive virtual systems provide a promising alternative for older adults, as they offer greater
comfort, ease of use, and applicability across diverse clinical and community settings (Ren et al., 2024).

Several controlled trials have supported the positive effects of AVGs and conventional physical exercise
(CPE) on global cognitive function and specific domains including attention, memory, and executive
functions (Bacha et al,, 2018; Carrasco et al., 2020; Gouveia et al., 2021; Gui et al., 2024; Liao et al., 2021;
Moret et al,, 2022). However, several reviews emphasize that although AVGs, used either as standalone
interventions or as adjuncts to CPE, are safe and well tolerated, further research is required to establish
their efficacy in improving cognitive function (Cai et al., 2023; Lopez-Nava et al., 2023; Manser et al,,
2024; Soares et al., 2021). Furthermore, examining changes in cognitive performance levels based on
previously reported cut-off points in the literature (Gaete et al., 2023) is an approach that, to the best of
our knowledge, has not been previously addressed in clinical trials in this field. Therefore, this study
aimed to evaluate the effects of adding AVGs to a CPE program on cognitive function and, secondarily,
on HRQoL in community-dwelling older adults.
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Method
|

Design and participants

This study, which forms part of a larger project that included the assessment of physical performance
variables, was designed as a two-arm, parallel-group randomized controlled trial (RCT), in which one
group received a CPE plus AVG intervention (intervention group, IG), while the other received CPE alone
(control group, CG). The study protocol was approved by the Scientific Ethics Committee of the Concep-
cion Health Service (code: 18-06-35), and all participants provided written informed consent. The in-
clusion criteria were community-dwelling men and women aged 60 to 84 years with independent walk-
ing ability, normal or corrected vision and hearing, and without contraindications or limitations that
would prevent engagement in physical exercise. Persons with uncontrolled chronic diseases or muscu-
loskeletal, neurological, or cognitive conditions that could hinder the proper use of AVGs were excluded.
Participants were recruited from a community-based active aging center in Concepcidn, Chile.

Experimental procedures

An investigator independent from the recruitment process generated a simple random allocation se-
quence with a 1:1 ratio and concealed the assignments until the start of the interventions. Sample size
estimation using G*Power 3.1.9.7 indicated that 46 participants would be required to detect a moderate
effect size (ES), with a = 0.05 and 1-8 = 0.8. In total, 50 participants were recruited to ensure sufficient
statistical power and compensate for potential losses during the study.

Before starting the interventions, sociodemographic characteristics including age, sex, height, weight,
body mass index, and educational level were recorded to characterize the sample. The interventions
supervised by two professionals were conducted twice a week for eight weeks (16 sessions in total).
The intensity of both CPE and AVG exercises was monitored using a 0-10 rating of perceived exertion
scale (Liguori, 2021), maintaining a moderate intensity (5-6) during the first four weeks, which was
progressively increased to vigorous intensity (7-8) from weeks five to eight to ensure exercise progres-
sion.

The CG followed a structured session plan divided into three phases. First, the warm-up lasted five
minutes and included free joint mobility exercises. Next, the main phase lasted 50 minutes and consisted
of four components: i) aerobic activities such as stair climbing and stationary cycling, ii) general flexi-
bility exercises involving controlled stretching on mats or in a standing position, iii) muscle strengthen-
ing for the limbs and trunk using elastic bands, dumbbells, and bodyweight exercises, and iv) postural
balance training on unstable surfaces, alternating single-leg support and tandem walking. Each compo-
nent was performed for 10 to 12 minutes, with a two-minute rest period between them. Finally, the
session concluded with a five-minute cool-down phase incorporating free joint movements and breath-
ing exercises.

The IG followed the same session structure as the CG, with an additional 30-minute AVG component
after a 5-minute rest period. A total of eight games (Happy Fish, Take a Pineapple, Dance Fun, Balance
Ball, Step by Step, Plane, Apple Juice, and Party Bubbles) were selected from the Kinemotion platform
(kinemotion.cl/), which operates with the Kinect sensor (Microsoft Corp., Redmond, WA). These games
involved coordinated movements of the upper and lower limbs through diverse motor tasks that com-
bined aerobic, strength, coordination, and balance demands. For example, Dance Fun required partici-
pants to step on illuminated floor targets to the rhythm of the music, enhancing lower-limb strength,
agility, and balance, while Step by Step involved walking across virtual stones placed in different direc-
tions to improve dynamic balance and endurance. Upper-limb coordination and precision were trained
with Take a Pineapple and Apple Juice, which required collecting and manipulating virtual objects
through wide and repetitive arm movements. Happy Fish and Party Bubbles emphasized fast, bilateral,
and dissociated arm actions to catch or pop moving objects, reinforcing coordination and flexibility. In
Plane, participants steered a virtual aircraft by performing controlled trunk rotations, improving trunk
stability and upper-limb strength. Finally, Balance Ball required maintaining a virtual ball on a moving
platform by adjusting pelvic and trunk positions, training postural control and lower-limb balance. In
each session, the games were arranged into four blocks, each containing three games (2 minutes per
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game), with a 2-minute pause between blocks. Figure 1 shows representative images of the AVGs used
in the experimental protocol.

Figure 1. Active videogames (AVGs) used in the experimental protocol: (A) Happy Fish, (B) Take a Pineapple, (C) Dance Fun, (D) Balance Ball,
(E) Step by Step, (F) Plane, (G) Apple Juice, and (H) Party Bubbles.

Measurement instruments

The assessments were conducted at baseline and at the end of the intervention. The primary outcome
measure was cognitive function, and the secondary outcome was HRQoL.

Cognitive function was assessed using the Spanish version of the Montreal Cognitive Assessment
(MoCA), validated in Chilean adults (Delgado et al., 2019; Gaete et al., 2023). This test assesses global
cognitive status across seven domains: visuospatial/executive function (0-5 points), naming (0-3
points), attention (0-6 points), language (0-3 points), abstraction (0-2 points), delayed recall (0-5
points), and orientation (0-6 points). The total score ranges from 0 to 30 points, with higher scores
indicating better cognitive performance. Scores were categorized according to the cut-off points and age
ranges proposed for the Chilean population (Gaete et al., 2023): i) normal, 222 points; ii) mild-to-mod-
erate cognitive impairment, 21-15 points and 21-13 points for individuals aged 60-65 and 66-90 years,
respectively; and iii) severe cognitive impairment, <14 and <12 points for individuals aged 60-65 and
66-90 years, respectively. The test includes an additional point for individuals with <12 years of school-
ing. The MoCA was selected for its wide clinical and research applicability, adequate psychometric prop-
erties in older adults, and brief administration time (Islam et al., 2023; Nasreddine et al., 2005).

HRQoL was assessed using the Chilean Spanish version of the 12-Item Short Form Health Survey Version
2 (SF-12v2), a validated instrument for measuring physical and mental health status (Cheak-Zamora et
al,, 2009). The SF-12v2 comprises 12 items covering eight health domains: physical functioning (PF),
general health (GH), bodily pain (BP), role-physical (RP), role-emotional (RE), social functioning (SF),
vitality (VT), and mental health (MH). Four domains (PF, GH, BP, and RP) are combined into a Physical
Component Summary (PCS), while the remaining four domains (RE, SF, VT, and MH) form a Mental Com-
ponent Summary (MCS). Raw scores were computed and transformed into a 0-100 scale according to
standardized scoring procedures, where higher values indicate better self-perceived health (Ware et al.,
2002).

Data analysis

Normality and homoscedasticity were evaluated using the Shapiro-Wilk and Levene’s tests, respec-
tively. Due to violations of these assumptions, robust statistical methods based on 20% trimmed means
were applied (Mair & Wilcox, 2020). Between-group comparisons were performed using Yuen’s robust
t-test for independent samples, and within-group comparisons were conducted using its paired-sample
counterpart. ES were estimated using the robust measure & (xi), with values interpreted as small (>
0.10), medium (= 0.30), and large (= 0.50) (Wilcox & Tian, 2011). Categorical variables were analyzed
using contingency tables and compared with chi-square tests for between-group comparisons and
McNemar’s exact test for within-group changes. All subsequent analyses were conducted under an in-
tention-to-treat approach, applying a multiple-data estimation method based on Multivariate Imputa-
tion by Chained Equations (MICE) to address missing values. All statistical analyses were performed
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using Jamovi software, version 2.4.6 (The Jamovi project, Sydney, Australia; https://www.jamovi.org),
considering a significance level of a = 0.05.

Results

A total of 25 participants per group were recruited, of whom nine discontinued the intervention for
reasons unrelated to the study (Figure 2). The mean attendance rate across sessions exceeds 90%, with
no deviations from the planned intervention protocols, and no relevant adverse events are reported. At
baseline, there are no significant sociodemographic differences between groups, as shown in Table 1.

Figure 2. Study flow chart.

Assessed for eligibility (n=52)

Excluded (n=2)
Not meeting inclusion criteria (n=2)
Declined to participate (n=0)
Other reasons (n=0)

| Randomised (n=50) |

!
1 L Allocation ] l
Allocated to CG (n=25) Allocated to IG (n=25)
Received allocated intervention (n=25) Received allocated intervention (n=25)
Did not receive allocated intervention (n=0) Did not receive allocated intervention (n=0)
l | Follow-Up l
Discontinued intervention (n=4) Discontinued intervention (n=5)
Reasons: Personal (n=2); Medical (n=2) Reasons: Personal (n=2); Medical (n=3)
l { Analysis ! l
Analysed (n=25) Analysed (n=25)
Excluded from analysis (n=0) Excluded from analysis (n=0)
Table 1. Sociodemographic characteristics of the participants.
Control group (CG) Intervention group (IG) p-value
Age (y); M (SD) 71.3 (7.4) 71.8 (6.8) 0.829
Height (m); M (SD) 1.53 (0.09) 1.52 (0.07) 0.653
Weight (kg); M (SD) 73.9 (16.3) 71.0 (14.4) 0.506
BMI (kg/m2); M (SD) 31.2 (5.1) 30.5 (5.3) 0.631
Female / male; no. 20/5 20/5 1.000
Education level; no. (%)
Primary 19 (76 %) 18 (72 %)
Secondary 4 (16 %) 6 (24 %) 0.684
Tertiary 2 (8%) 1(4%) )

CG control group; 1G intervention group; M mean; SD standard deviation; BMI body mass index; no. number; % percentage.

The effects on cognitive function are presented in Table 2. The CG shows significant changes in the
visuospatial/executive function and attention domains, as well as in global cognitive function (all p <
0.05). The IG exhibits significant improvements in visuospatial /executive function, attention, language,
delayed recall, and global cognitive function (all p < 0.05). ES values are small to moderate, except for
delayed recall and global cognitive function in the IG, where they are large. In the post-test evaluation,
the 1G shows better performance than the CG in language, delayed recall, and global cognitive function
(all p < 0.05), with moderate-to-large ES.
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Table 2. Results on cognitive function (MoCA).

Control group (CG) Intervention group (IG) Intergroup comparison
Domain Pre-test Post-test ES Pre-test Post-test ES Baseline, - Post-test, p-  Post-test,
p-value value ES

Visuospatial/EF 2.84 (1.24) 3.47 (1.60)*  0.235 2.95(1.32) 3.84 (1.16)* 0.377 0.807 0.473 0.156
Naming 3.00 (0.33) 2.89 (0.41) 0.148 2.95(0.37) 3.00 (0.20) 0.000 0.602 0.343 0.000
Attention 3.53(1.78) 4.53 (1.65)*  0.297 4.11 (1.59) 479 (1.06)*  0.315 0.314 0.574 0.118
Language 1.42 (0.82) 1.68 (0.84) 0.183 1.84 (0.85) 242 (0.79)*  0.394 0.098 0.005 0.490
Abstraction 1.11 (0.76) 1.47 (0.76) 0.250 1.58 (0.87) 1.74 (0.57) 0.174 0.130 0.275 0.276
Delayed recall 1.26 (1.29) 1.32 (1.50) 0.025 1.89 (1.19) 3.11 (1.40)*  0.575 0.109 <0.001 0.638
Orientation 5.89 (0.41) 6.00 (0.28) 0.000 5.89 (0.41) 6.00 (0.20) 0.000 1.000 1.000 0.000
Global function  20.11(3.77) 21.89 (5.08)* 0.260  21.89 (4.50) 25.21(3.13)* 0.556 0.213 0.026 0.518

Results expressed as means and standard deviations; EF executive function; ES effect size; * statistically significant difference (p<0.05).

Changes in MoCA categories are presented in Table 3. At baseline, both groups show similar proportions
of participants with normal cognitive function and mild-to-moderate cognitive impairment (p > 0.05).
After the intervention period, the CG shows a 12% increase in the proportion of participants with
normal cognitive function (p > 0.05), whereas the IG exhibits a 36% increase (p < 0.05).

Table 3. Changes in cognitive function categories.

Control group (CG) Intervention group (IG)
Categories Pre-test Post-test A p-value Pre-test Post-test A p-value
Normal 11 (44%) 14 (56%) o 12 (48%) 21 (84%) 0
MMCI 14(56%)  11(44%) O (12%) 0.250 13 (52%) 4 (16%) 9 (36%) 0.003

Results expressed as number and percentage; A delta; MMCI mild-to-moderate cognitive impairment.

The effects on HRQoL are presented in Table 4. The IG shows significant changes in the physical domains
RP, BP, GH, and PCS (all p < 0.05), with moderate-to-large ES, whereas the CG shows no significant
differences. In the post-test evaluation, the IG presents higher scores than the CG in all physical domains
(all p < 0.05), as well as in the mental domains SF, MH, and MCS (all p < 0.05), with large ES.

Table 4. Results on health-related quality of life (SF-12v2).

Control group (CG) Intervention group (IG) Intergroup comparison
Domain Pre-test Post-test ES Pre-test Post-test ES Baseline, Post-test, p- Post-test, ES
p-value value
PF 38.2(10.50)  36.2 (9.03) 0.132 40.8 (10.50) 46.7 (9.03) 0.286 0.579 0.004 0.763
RP 43.1(7.98) 388(10.70) 0.286 44.5 (7.98) 52.6 (10.70)*  0.556 0.677 0.001 0911
BP 39.7 (12.0) 37.9 (7.68) 0.102 40.9 (12.00) 47.1 (7.68)* 0.368 0.767 0.003 0.582
GH 39.3(8.13) 36.0 (6.32) 0.226 38.5(8.13) 45.7 (6.32)* 0.476 0.813 0.004 0.644
PCS 36.8 (6.65) 36.1 (6.70) 0.073 38.7 (6.65) 45.6 (6.70)* 0.483 0.173 0.019 0.779
VT 51.7 (7.55)  48.8(10.40) 0.224 56.3 (7.55) 57.0 (10.40) 0.046 0.882 0.060 0.355
SF 45.6 (8.55) 43.9 (9.66) 0.182 46.2 (8.55) 49.5 (9.66) 0.196 0.125 <0.001 0.651
RE 41.7 (10.00) 37.3(14.30)  0.204  47.6(10.00) 52.3(14.30)  0.253 0.523 0.176 0.272
MH 47.4(7.47)  47.0(821)  0.032 49.3 (7.47) 51.1(8.21) 0.123 0.585 <0.001 0.753
MCS 48.3 (8.82) 45.9 (9.62) 0.165 52.2 (8.82) 53.3(9.62) 0.107 0.194 0.012 0.668

Results expressed as means and standard deviations; ES effect size; PF physical functioning; RP role-physical; BP bodily pain; GH general health;
PCS physical component summary; VT vitality; SF social functioning; RE role-emotional; MH mental health; MCS mental component summary;
* statistically significant difference (p<0.05).

Discussion

___________________________________________________________________________________________________________________________|
This study, conducted on community-dwelling older adults, evaluates the effects of adding AVGs to a
CPE program on cognitive function and, secondarily, on HRQoL over an eight-week period. The findings
indicate that incorporating AVGs into a CPE program enhances cognitive function and HRQoL more ef-
fectively than CPE alone, with moderate-to-large effect sizes. Both interventions lead to improvements
across several cognitive domains; however, the IG shows significantly greater gains in language, delayed
recall, and global cognitive function. Interestingly, a higher proportion of participants in the IG achieves
normal cognitive function after the intervention, suggesting a clinically meaningful effect. Similarly, the
IG demonstrates greater improvements in multiple HRQoL domains related to both physical and mental
health. These results support AVGs as a safe, engaging, and effective complement to structured exercise

programs for older adults.
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Due to their cognitive and motor demands, AVGs are considered dual-task activities (Costa et al., 2019),
which can enhance cognitive and motor performance (Ogawa et al., 2016), thereby contributing to
HRQoL gains (Cugusi et al., 2021). According to the neuroplasticity framework, the mechanisms under-
lying cognitive improvements may involve increased signal transduction of brain neurotrophins, includ-
ing brain-derived neurotrophic factor, insulin-like growth factor 1, and vascular endothelial growth fac-
tor, among others, which help preserve neuronal structure and function in key brain regions (Yang et
al,, 2023). However, it has been suggested that cognitive engagement during play, rather than physical
activity alone, may be the primary factor driving improvements in executive function (Flynn & Richert,
2018), which could explain the findings of the present study.

Previous studies focusing on older adults with and without cognitive impairment have evaluated the
effects of AVG-based interventions on global cognitive function and its specific domains (Bacha et al,,
2018; Carrasco et al., 2020; Gouveia et al., 2021; Liao et al,, 2021; Litz et al., 2021; Moret et al,, 2022).
For example, Gouveia et al. (2021) found that an exergaming program combining functional and cogni-
tive fitness with multicomponent CPE, or multicomponent CPE alone, increased short- and long-term
memory and global cognitive function after 12 weeks, but only the AVG group continued improving dur-
ing follow-up (Gouveia et al.,, 2021). Liao et al. (2021) demonstrated that two 12-week multicomponent
exercise interventions (AVG-based and CPE-based, respectively) improved global cognitive function, ex-
ecutive function, and attention. However, AVGs enhanced global cognition to a greater extent than CPE,
and only the AVG group showed improvements in verbal and working memory. Despite the absence of
intergroup differences, both groups showed reduced prefrontal cortex activation, suggesting greater
neural efficiency (Liao et al.,, 2021). Bacha et al., 2018 also reported that an AVG intervention involving
multidirectional coordinative and cognitive activities and a seven-week multicomponent conventional
physical therapy program improved global cognitive function, although without intergroup differences
(Bacha et al., 2018). Interestingly, Gui et al. (2024) demonstrated that a cognitively demanding adven-
ture videogame performed simultaneously with aerobic exercise on a recumbent bike enhanced execu-
tive and global cognitive functions after 16 weeks. Although no significant differences were found in the
functional connectivity of frontoparietal neural networks, the observed changes were behaviorally rel-
evant, as increased connectivity was associated with greater improvements in executive function,
providing a neural basis for the cognitive benefits observed (Gui et al., 2024). Collectively, these studies
indicate that AVGs combined with multicomponent exercise enhance global cognitive function and spe-
cific cognitive domains in older adults compared with CPE, findings that are consistent with our results
despite differences in assessment methods and intervention protocols.

Diverse research protocols have been proposed, ranging from active control groups involving strength,
flexibility, aerobic endurance, balance, and coordination exercises (Bacha et al,, 2018; Gouveia et al,,
2021; Liao et al,, 2021) to non-intervention control groups (Carrasco et al., 2020; Moret et al.,, 2022).
Additionally, AVGs have been applied either as standalone interventions (Bacha et al.,, 2018; Liao et al,,
2021) or as adjuncts to conventional outpatient programs across preventive, therapeutic, and recrea-
tional settings (Gouveia et al., 2021; Litz et al., 2021). Although all these approaches have demonstrated
relevance, the present study incorporated AVGs as an addition to CPE to enhance the physical and cog-
nitive complexity of training. Moreover, it compared this mixed intervention against an exercise-only
group, a challenging design given that improvements were also expected in this group (Wang et al,,
2024).

The results of this research contribute to strengthening the body of evidence, which has been empha-
sized as a need in recent literature reviews (Cai et al., 2023; Lopez-Nava et al,, 2023; Manser et al.,, 2024;
Soares et al,, 2021). In this regard, Soares et al. (2021), through a meta-analysis, reported significant
differences favoring AVG interventions over CPE, particularly in measures of global cognition such as
MoCA and MMSE. However, the high statistical heterogeneity limits the ability to reliably establish the
superiority of AVGs (Soares etal., 2021). A scoping review also highlighted the multiple benefits of AVGs
on quality of life, functional physical capacity, and cognitive function, emphasizing the crucial interac-
tions among these outcomes. Nonetheless, it acknowledged that the evidence remains more consistent
for mobility and postural balance than for cognition, underscoring the need for additional RCTs (Lopez-
Nava etal., 2023). Moreover, a recent review identified key moderating factors influencing the effective-
ness and ecological validity of AVG-based training on cognitive function. These include body position
(step-based movements), training type (simultaneous-incorporated motor-cognitive), exercise inten-
sity (moderate), training location (either at home or in specialized centers under optimal conditions),
Mg, :
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administration (enriched social interaction), and supervision (professional guidance and feedback)
(Manser et al., 2024).

In this regard, our study addressed several of these moderators by incorporating three games (Dance
Fun, Step by Step, and Balance Ball) that specifically targeted postural control, dynamic balance, agility,
and coordination through single-leg stances and multidirectional steps. Additionally, all games involved
varying degrees of cognitive demands, including attention, perception, visuospatial skills, processing
speed, and executive functions, specifically set shifting, inhibition of prepotent responses, and updating
and monitoring of working memory. The intervention also included adjustments to exercise intensity,
set at moderate-to-high levels based on perceived exertion. Finally, the sessions were conducted in an
environment adapted to the needs of the population at a public community center under direct profes-
sional supervision. Therefore, the combination of these factors likely contributed to the cognitive gains
observed.

Under a health promotion approach, HRQoL is recognized as a relevant outcome measure in older adults
with or without functional limitations (Thompson et al.,, 2012). Evidence indicates that cognitive impair-
ment negatively influences HRQoL (Pan et al., 2015) and that better cognitive function is positively as-
sociated with higher quality of life and well-being (He et al., 2023). In this regard, our AVG intervention
yielded positive results in several physical and mental dimensions of quality of life, aligning with previ-
ous RCTs (Gongalves et al., 2021; Lee, 2023; Stanmore et al,, 2019) and systematic reviews synthesizing
evidence in healthy older adults and those with chronic or age-related conditions. For example, Cacciata
et al. (2019) concluded that AVGs represent an emerging and well-accepted alternative for exercise
practice among older adults. Nevertheless, the reviewed results are not sufficiently robust due to small
sample sizes and substantial heterogeneity in participants, exergaming systems, intervention protocols,
and HRQoL assessment tools (Cacciata et al., 2019). Other reviews focusing on people with chronic dis-
eases have found that AVGs significantly improve HRQoL (Cugusi et al.,, 2021; Guede-Rojas et al,, 2024),
although Cugusi et al. (2021), in their meta-analysis, reported that this improvement had a small ES
(Cugusi et al., 2021). More recently, Vasodi et al. (2023) performed a meta-analysis in healthy older
adults and found that exercise with AVGs has a significant but small effect on overall quality of life and
on the physical and mental summary components. However, when examining specific subscales such as
social relationships and psychological, physical, and environmental health, the ES was moderate (Vasodi
etal,, 2023). In summary, although these studies consistently report positive effects of AVGs on HRQoL,
they also highlight persisting methodological limitations, thereby reinforcing the relevance of our find-
ings.

The strengths of this study include its randomized controlled design conducted in a real-world commu-
nity-based setting, where AVGs were used as a complementary physical-cognitive exercise modality to
enhance CPE rather than replace it. The implemented protocol incorporated several moderating factors,
including step-based movements, combined physical-cognitive demands, and a supervised context,
which are known to enhance cognitive function and support the ecological validity highlighted by cur-
rent evidence (Manser et al., 2024). Additionally, this study not only provides descriptive statistics of
central tendency and variability but also reports cognitive function outcomes based on changes in clin-
ical categories defined by established cut-off points for the studied population (Gaete et al., 2023), facil-
itating their translation into clinical and community practice.

The present study has several limitations. First, participants were recruited from a single community-
based center, which may limit sample representativeness and restrict the generalizability of the findings
to other settings or populations. In addition, no follow-up assessment was conducted to observe the
evolution of the results after the intervention period. Another limitation is that, in addition to the con-
ventional exercise regimen, the intervention group received an extra 30 minutes of active videogame
training, which may have influenced the results obtained. From a pragmatic perspective, however, the
total exercise volume per session, conducted twice per week, was safe, well tolerated, and could serve
as a reference for future trials. Outcome assessments were conducted without assessor blinding, which
may have introduced a risk of detection bias during the administration of cognitive performance
measures; nevertheless, the use of standardized scoring procedures and structured test administration
may have mitigated this potential source of bias. Moreover, the relatively short intervention duration
and modest sample size may have limited the ability to detect and maintain meaningful cognitive
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changes. Finally, cognitive function was assessed solely using the MoCA. Although this instrument pro-
vides scores for several cognitive domains, it remains a screening tool and does not offer the level of
depth or precision provided by domain-specific neuropsychological tests. Thus, future research should
incorporate more detailed neuropsychological assessments and functional dual-task paradigms to ena-
ble a more comprehensive understanding of cognitive effects. Consequently, although the results are
promising and suggest a positive influence of AVGs, they should be interpreted with caution and consid-
ered exploratory in nature, highlighting the need for further studies to address these limitations and
advance the clinical application of virtual gamification systems in older adults.

Conclusions

In conclusion, this study found that adding AVGs to a CPE plan yielded greater benefits for cognitive
function and, secondarily, for HRQoL, compared with CPE alone in community-dwelling older adults.
These findings may help inform the design of future randomized controlled trials investigating the ef-
fects of different AVG modalities integrated into CPE programs on cognitive function, quality of life, and
other clinically and scientifically relevant outcomes in older adults.

Acknowledgements

We thank all the participants for their commitment to the development of this research.

Financing

This study did not receive any external funding.

References

Bacha, J. M. R, Gomes, G. C. V., de Freitas, T. B,, Viveiro, L. A. P, da Silva, K. G., Bueno, G. C., Varise, E. M.,
Torriani-Pasin, C., Alonso, A. C,, Luna, N. M. S,, D’Andrea Greve, J. M., & Pompeu, J. E. (2018). Ef-
fects of Kinect Adventures games versus conventional physical therapy on postural control in
elderly people: A randomized controlled trial. Games for Health Journal, 7(1), 24-36.
https://doi.org/10.1089/g4h.2017.0065

Biazus-Sehn, L. F,, Schuch, F. B., Firth, ]., & Stigger, F. de S. (2020). Effects of physical exercise on cognitive
function of older adults with mild cognitive impairment: A systematic review and meta-analysis.
Archives of Gerontology and Geriatrics, 89, 104048. https://doi.org/10.1016/j.arch-
ger.2020.104048

Cacciata, M., Stromberg, A., Lee, ].-A,, Sorkin, D., Lombardo, D., Clancy, S., Nyamathi, A., & Evangelista, L.
S. (2019). Effect of exergaming on health-related quality of life in older adults: A systematic re-
view. International Journal of Nursing Studies, 93, 30-40.
https://doi.org/10.1016/j.ijnurstu.2019.01.010

Cai, Z., Ma, Y., Li, L., & Lu, G.-Z. (2023). Effects of exergaming in older individuals with mild cognitive
impairment and dementia: A systematic review and meta-analysis. Geriatric Nursing, 51, 351-
359. https://doi.org/10.1016/j.gerinurse.2023.03.028

Carrasco, M,, Ortiz-Maqués, N., & Martinez-Rodriguez, S. (2020). Playing with Nintendo Wii Sports: Im-
pact on physical activity, perceived health and cognitive functioning of a group of community-
dwelling  older adults. Activities, Adaptation &  Aging, 44(2), 119-131.
https://doi.org/10.1080/01924788.2019.1595261

Cheak-Zamora, N. C., Wyrwich, K. W., & McBride, T. D. (2009). Reliability and validity of the SF-12v2 in
the medical expenditure panel survey. Quality of Life Research, 18(6), 727-735.
https://doi.org/10.1007/s11136-009-9483-1

NI
B 648
N




2026 (Febrero), Retos, 75, 640-651 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Cigarroa, 1., Zapata-Lamana, R., Leiva-Gajardo, G., Vasquez, E., Parrado-Romero, E., Vasquez-Gomez, .,
Alvarez, C., Petermann-Rocha, F., & Reyes-Molina, D. (2022). Adherence characteristics and rea-
sons for abandonment of physical exercise-based interventions in older adults in Latin America:
A scoping review. Retos, 44, 10-26. https://doi.org/10.47197 /retos.v44i0.89359

Collado-Mateo, D., Lavin-Pérez, A. M., Penacoba, C., Del Coso, J., Leyton-Roman, M., Luque-Casado, A,
Gasque, P., Fernandez-del-Olmo, M. A., & Amado-Alonso, D. (2021). Key factors associated with
adherence to physical exercise in patients with chronic diseases and older adults: An umbrella
review. International Journal of Environmental Research and Public Health, 18(4), 2023.
https://doi.org/10.3390/ijerph18042023

Cossio, S., Chiappinotto, S., Dentice, S., Moreal, C., Magro, G., Dussi, G., Palese, A, & Galazzi, A. (2025).
Cybersickness and discomfort from head-mounted displays delivering fully immersive virtual
reality: A  systematic review. Nurse Education in Practice, 85, 104376.
https://doi.org/10.1016/j.nepr.2025.104376

Costa, M. T. S,, Vieira, L. P., Barbosa, E. de 0., Mendes Oliveira, L., Maillot, P., Otero Vaghetti, C. A., Giovani
Carta, M., Machado, S., Gatica-Rojas, V., & Monteiro-Junior, R. S. (2019). Virtual reality-based ex-
ercise with exergames as medicine in different contexts: A short review. Clinical Practice and
Epidemiology in Mental Health: CP & EMH, 15, 15-20.
https://doi.org/10.2174/1745017901915010015

Cugusi, L., Prosperini, L., & Mura, G. (2021). Exergaming for quality of life in persons living with chronic
diseases: A systematic review and meta-analysis. PM&R, 13(7), 756-780.
https://doi.org/10.1002 /pmrj.12444

Delgado, C., Araneda, A., & Behrens, M. I. (2019). Validation of the Spanish-language version of the Mon-
treal Cognitive Assessment test in adults older than 60 years. Neurologia, 34(6), 376-385.
https://doi.org/10.1016/j.nrl.2017.01.013

Fernandez, J. A, Farfan, D. C., & Cuartas, L. A. H. (2025). Functional fitness, risk of sarcopenia, grip
strength, and cognitive decline in physically active older women. Retos, 73, 1199-1219.
https://doi.org/10.47197 /retos.v73.117099

Flynn, R. M., & Richert, R. A. (2018). Cognitive, not physical, engagement in video gaming influences ex-
ecutive  functioning.  Journal of Cognition and  Development, 19(1), 1-20.
https://doi.org/10.1080/15248372.2017.1419246

Fusco, A., & Tieri, G. (2022). Challenges and perspectives for clinical applications of immersive and non-
immersive  virtual reality.  Journal of  Clinical  Medicine,  11(15), 4540.
https://doi.org/10.3390/jcm11154540

Gaete, M., Jorquera, S., Bello-Lepe, S., Mendoza, Y. M., Véliz, M., Alonso-Sanchez, M. F., & Lira, J. (2023).
Standardised results of the Montreal Cognitive Assessment (MoCA) for neurocognitive screening
in a Chilean population. Neurologia  (English  Edition), 38(4), 246-255.
https://doi.org/10.1016/j.nrleng.2020.08.021

Gongalves, A, Mufioz, J., Cameirdo, M. S., Gouveia, E. R, Sousa, H., & Bermudez i Badia, S. (2021). The
benefits of custom exergames for fitness, balance, and health-related quality of life: A random-
ized controlled trial with community-dwelling older adults. Games for Health Journal, 10(4),
245-253. https://doi.org/10.1089/g4h.2020.0092

Gouveia, E. R, Smailagic, A., Ihle, A.,, Marques, A., Gouveia, B. R,, Cameirdo, M., Sousa, H., Kliegel, M., &
Siewiorek, D. (2021). The efficacy of a multicomponent functional fitness program based on ex-
ergaming on cognitive functioning of healthy older adults: A randomized controlled trial. Journal
of Aging and Physical Activity, 29(4), 586-594. https://doi.org/10.1123 /japa.2020-0083

Guede-Rojas, F., Andrades-Torres, B., Aedo-Diaz, N., Gonzalez-Koppen, C., Mufioz-Fuentes, M., Enriquez-
Enriquez, D., Carvajal-Parodi, C., Mendoza, C., Alvarez, C., & Fuentes-Contreras, J. (2024). Effects
of exergames on rehabilitation outcomes in patients with osteoarthritis. A systematic review.
Disability and Rehabilitation, 1-14. https://doi.org/10.1080/09638288.2024.2368057

Gui, W., Cui, X, Miao, ], Zhu, X,, & Li, J. (2024). The effects of simultaneous aerobic exercise and video
game training on executive functions and brain connectivity in older adults. The American Jour-
nal of Geriatric Psychiatry : Official Journal of the American Association for Geriatric Psychiatry,
32(10), 1244-1258. https://doi.org/10.1016/].jagp.2024.04.009

He, C, Kong, X,, Li, ]., Wang, X., Chen, X,, Wang, Y., Zhao, Q., & Tao, Q. (2023). Predictors for quality of life
in older adults: Network analysis on cognitive and neuropsychiatric symptoms. BMC Geriatrics,
23(1), 850. https://doi.org/10.1186/s12877-023-04462-4

NI
K 649
N



2026 (Febrero), Retos, 75, 640-651 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Islam, N., Hashem, R,, Gad, M., Brown, A,, Levis, B., Renoux, C., Thombs, B. D., & McInnes, M. D. (2023).
Accuracy of the Montreal Cognitive Assessment tool for detecting mild cognitive impairment: A
systematic review and meta-analysis. Alzheimer’s & Dementia, 19(7), 3235-3243.
https://doi.org/10.1002/alz.13040

Lee, K. (2023). Home-based exergame program to improve physical function, fall efficacy, depression,
and quality of life in community-dwelling older adults: A randomized controlled trial.
Healthcare, 11(8), 1109. https://doi.org/10.3390/healthcare11081109

Liao, Y.-Y., Chen, L.-H., Hsu, W.-C,, Tseng, H.-Y., & Wang, R.-Y. (2021). Effect of exergaming versus com-
bined exercise on cognitive function and brain activation in frail older adults: A randomised con-
trolled trial. Annals of Physical and Rehabilitation Medicine, 64(5), 101492.
https://doi.org/10.1016/j.rehab.2021.101492

Liguori, G. (Ed.). (2021). ACSM’s guidelines for exercise testing and prescription (11th ed.). Wolters
Kluwer.

Litz, E., Werner, C,, Bauer, J. M., & Hauer, K. (2021). Effects and feasibility of a memory exergame training
in older adults: A randomized controlled trial. Games for Health Journal, 10(6), 383-390.
https://doi.org/10.1089/g4h.2021.0032

Lépez-Nava, . H., Rodriguez, M. D., Garcia-Vazquez, ]. P., Perez-Sanpablo, A. I., Quifiones-Uri6stegui, I,
Meneses-Pefialoza, A., Castillo, V., Cuaya-Simbro, G., Armenta, ]. S., Martinez, A., Sdnchez, W., Caro,
K., Martinez-Garcia, A. I, & Favela, J. (2023). Current state and trends of the research in exer-
games for the elderly and their impact on health outcomes: A scoping review. Journal of Ambient
Intelligence and Humanized Computing, 14(8), 10977-110009. https://doi.org/10.1007 /s12652-
022-04364-0

Mair, P., & Wilcox, R. (2020). Robust statistical methods in R using the WRS2 package. Behavior Research
Methods, 52(2), 464-488. https://doi.org/10.3758/s13428-019-01246-w

Manser, P., Herold, F., & de Bruin, E. D. (2024). Components of effective exergame-based training to im-
prove cognitive functioning in middle-aged to older adults - A systematic review and meta-anal-
ysis. Ageing Research Reviews, 99, 102385. https://doi.org/10.1016/j.arr.2024.102385

Moret, B., Nucci, M., & Campana, G. (2022). Effects of exergames on mood and cognition in healthy older
adults: A randomized pilot study. Frontiers in  Psychology, 13(1018601).
https://doi.org/10.3389 /fpsyg.2022.1018601

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I, Cummings, J. L., &
Chertkow, H. (2005). The Montreal Cognitive Assessment, MoCA: A brief screening tool for mild
cognitive impairment. Journal of the American Geriatrics Society, 53(4), 695-699.
https://doi.org/10.1111/j.1532-5415.2005.53221.x

Ogawa, E. F.,, You, T, & Leveille, S. G. (2016). Potential benefits of exergaming for cognition and dual-task
function in older adults: A systematic review. Journal of Aging and Physical Activity, 24(2), 332-
336. https://doi.org/10.1123/japa.2014-0267

Pan, C.-W., Wang, X., Ma, Q., Sun, H.-P., Xu, Y., & Wang, P. (2015). Cognitive dysfunction and health-related
quality of life among older Chinese. Scientific  Reports, 5(1), 17301.
https://doi.org/10.1038/srep17301

Ren, Y., Wang, Q. Liu, H,, Wang, G., & Lu, A. (2024). Effects of immersive and non-immersive virtual re-
ality-based rehabilitation training on cognition, motor function, and daily functioning in patients
with mild cognitive impairment or dementia: A systematic review and meta-analysis. Clinical
Rehabilitation, 38(3), 305-321. https://doi.org/10.1177/02692155231213476

Rieker, ]. A, Reales, ]. M., Muifios, M., & Ballesteros, S. (2022). The effects of combined cognitive-physical
interventions on cognitive functioning in healthy older adults: A systematic review and multi-
level meta-analysis. Frontiers in Human Neuroscience, 16(838968).
https://doi.org/10.3389/fnhum.2022.838968

Sakaki, K., Nouchi, R., Matsuzaki, Y., Saito, T., Dinet, ]J., & Kawashima, R. (2021). Benefits of VR physical
exercise on cognition in older adults with and without mild cognitive decline: A systematic re-
view of randomized controlled trials. Healthcare, 9(7), 883.
https://doi.org/10.3390/healthcare9070883

Soares, V. N,, Yoshida, H. M., Magna, T. S., Sampaio, R. A. C,, & Fernandes, P. T. (2021). Comparison of
exergames versus conventional exercises on the cognitive skills of older adults: A systematic
review with meta-analysis. Archives of Gerontology and Geriatrics, 97, 104485.
https://doi.org/10.1016/j.archger.2021.104485

NI
K 650
N



2026 (Febrero), Retos, 75, 640-651 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Song, D., & Yu, D. S. F. (2019). Effects of a moderate-intensity aerobic exercise programme on the cogni-
tive function and quality of life of community-dwelling elderly people with mild cognitive im-
pairment: A randomised controlled trial. International Journal of Nursing Studies, 93, 97-105.
https://doi.org/10.1016/j.ijnurstu.2019.02.019

Stanmore, E. K., Mavroeidi, A., de Jong, L. D., Skelton, D. A, Sutton, C. ], Benedetto, V., Munford, L. A,
Meekes, W., Bell, V., & Todd, C. (2019). The effectiveness and cost-effectiveness of strength and
balance Exergames to reduce falls risk for people aged 55 years and older in UK assisted living
facilities: A multi-centre, cluster randomised controlled trial. BMC Medicine, 17(1), 49.
https://doi.org/10.1186/s12916-019-1278-9

Stgdle, 1. V., Debesay, ]., Pajalic, Z., Lid, I. M., & Bergland, A. (2019). The experience of motivation and
adherence to group-based exercise of Norwegians aged 80 and more: A qualitative study. Ar-
chives of Public Health, 77(1), 26. https://doi.org/10.1186/s13690-019-0354-0

Thompson, W. W., Zack, M. M., Krahn, G. L., Andresen, E. M., & Barile, J. P. (2012). Health-related quality
of life among older adults with and without functional limitations. American Journal of Public
Health, 102(3), 496-502. https://doi.org/10.2105/AJPH.2011.300500

Vasodi, E., Saatchian, V., & Dehghan Ghahfarokhi, A. (2023). Virtual reality-based exercise interventions
on quality of life, some balance factors and depression in older adults: A systematic review and
meta-analysis of randomized controlled trials. Geriatric Nursing, 53, 227-239.
https://doi.org/10.1016/j.gerinurse.2023.07.019

Wang, Z., Xu, X, Yang, X.,, Wang, S. S., Zhou, Y., & Li, Y. (2024). Effects of multicomponent exercise on
cognitive function in persons with mild cognitive impairment: A systematic review and meta-
analysis. International Journal of Nursing Studies, 158, 104843.
https://doi.org/10.1016/j.ijnurstu.2024.104843

Ware, |. E., Kosinski, M., Turner-Bowker, D. M., & Gandek, B. (2002). How to score version 2 of the SF-12
health survey: With a supplement documenting version 1. QualityMetric Inc.

Wilcox, R. R, & Tian, T. S. (2011). Measuring effect size: A robust heteroscedastic approach for two or
more groups. Journal of Applied Statistics, 38(7), 1359-1368.
https://doi.org/10.1080/02664763.2010.498507

Xiong, ], Ye, M., Wang, L., & Zheng, G. (2021). Effects of physical exercise on executive function in cogni-
tively healthy older adults: A systematic review and meta-analysis of randomized controlled tri-
als: Physical exercise for executive function. International Journal of Nursing Studies, 114,
103810. https://doi.org/10.1016/j.ijnurstu.2020.103810

Yang, Y., Wang, K, Liu, S, Liu, H,, Zhang, T., & Luo, J. (2023). Exergames improve cognitive function in
older adults and their possible mechanisms: A systematic review. Journal of Global Health, 13,
04177. https://doi.org/10.7189 /jogh.13.04177

Authors and translators' details:
|

Maria José Medel-Gutiérrez mari.medel@uandresbello.edu Author
Macarena Carcamo-Vargas macarena.carcamo.vargas@gmail.com Author
Adolfo Soto-Martinez adosoto@udec.cl Author
Claudio Carvajal-Parodi claudio.carvajal@uss.cl Author
David Ulloa-Diaz dulloa@ucsc.cl Author
Yeny Concha-Cisternas yenyconchaci@santotomas.cl Author
Francisco Guede-Rojas francisco.guede@unab.cl Author

NI
B 651
N



