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Resumo

Objetivos: Este estudo tem como objetivo avaliar o impacto de um programa
de exercicios funcionais de alta intensidade, com ou sem treinamento cognitivo
simultaneo em dupla tarefa, sobre equilibrio, capacidade funcional e desempe-
nho cognitivo de pessoas idosas residentes na comunidade, com o desfecho
primario de melhora na qualidade da marcha verificada pela reducao do tempo
de execucao no teste de caminhada de trés metros.

Métodos: Sera realizado um ensaio clinico randomizado, duplo-cego, com pessoas
idosas de 60 anos ou mais. Os participantes serao alocados aleatoriamente para
um programa de exercicios funcionais de alta intensidade (grupo simples tarefa)
ou para o mesmo programa combinado com desafios cognitivos simultaneos
(grupo dupla tarefa) durante 12 semanas. Resultados fisicos e cognitivos serao
avaliados antes e apos a intervencao por meio de variados testes cognitivos e
fisicos, incluindo o teste Timed Up and Go, Mini-BESTest, Montreal Cognitive Asses-
sment, Trail MaRing Test e Digit Span Test, entre outros. A amostra foi estimada em
44 participantes (22 por grupo), considerando um poder estatistico de 95% e uma
taxa de evasao de 20%, com base em estudos préevios de delineamento similar.
Resultados: Espera-se que o grupo de dupla tarefa apresente melhoras mais
significativas no equilibrio, funcao fisica e desempenho cognitivo em comparacao
ao grupo de simples tarefa, demonstrando a superioridade do treino motor-cog-
nitivo de alta intensidade.

Conclusdes: Caso as hipoteses sejam confirmadas, o treinamento em dupla
tarefa podera ser considerado uma intervencao eficaz e acessivel para melho-
rar a saude fisica e cognitiva das pessoas idosas, ajudando a reduzir o risco de
quedas e os custos relacionados a saude. Este estudo fornecera evidéncias
importantes para a inclusao de desafios cognitivos em programas de exercicios,
visando maximizar os beneficios para essa populagao.

Registro do ensaio: O ensaio foi registrado prospectivamente no Registro Bra-
sileiro de Ensaios Clinicos (RBR-107mtjc8).

Palavras-chave: Dupla tarefa; Pessoas idosas; Capacidade funcional, Cognicao.

Abstract

Aims: This study aims to evaluate the impact of a high-intensity functional exercise
program, with or without simultaneous cognitive training in a dual-task format, on
the primary outcomes of balance, functional capacity, and cognitive performance
in community-dwelling older adults, with the primary outcome of improved gait
quality, measured by the reduction in execution time on the three-meter walk test.
Methods: A double-blind randomized controlled trial will be conducted with older
adults aged 60 years or older. Participants will be randomly assigned to either a
standalone high-intensity functional exercise program (single-task group) or the
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same program combined with simultaneous cognitive
challenges (dual-task group) over 12 weeks. Physical
and cognitive outcomes will be assessed before and
after the intervention using validated measures, inclu-
ding the Timed Up and Go test, Mini-BESTest, Montreal
Cognitive Assessment, Trail Making Test, and Digit Span
Test, among others. The sample size was estimated at
44 participants (22 per group), considering a statistical
power of 95% and a dropout rate of 20%, based on
previous studies with a similar design.

Results: The dual-task group is expected to show more
significant improvements in balance, physical function,
and cognitive performance compared to the single-task
group, demonstrating the superiority of high-intensity
motor-cognitive training.

Conclusions: If confirmed, dual-task training may be
considered an effective and accessible intervention
to improve the physical and cognitive health of older
adults, contributing to a reduced risk of falls and asso-
ciated healthcare costs. This study will provide impor-
tant evidence supporting the integration of cognitive
challenges into exercise programs aimed at maximizing
benefits for this population.

Trial registration: The trial has been prospectively
registered in the Brazilian Registry of Clinical Trials
(RBR-107mtjc8).

Keywords: Dual task; Older adults; Functional capa-
city; Cognition.

Resumen

Objetivos: Este estudio tiene como objetivo evaluar el
impacto de un programa de egjercicios funcionales de
alta intensidad, con o sin entrenamiento cognitivo si-
multaneo en tarea dual, sobre los desenlaces primarios
de equiilibrio, capacidad funcionaly desempefio cogni-
tivo de personas mayores que viven en la comunidad,
con el desenlace primario de mejora en la calidad de
la marcha, verificada por la reduccién del tiempo de
ejecucion en la prueba de la caminata de tres metros.
Métodos: Se llevara a cabo un ensayo clinico aleatori-
zado, doble ciego, con personas mayores de 60 anos o
mas. Los participantes seran asignados aleatoriamente
a un programa de gjercicios funcionales de alta inten-
sidad de forma aislada (grupo de tarea simple) o al
mismo programa combinado con desafios cognitivos
simultaneos (grupo de tarea dual), durante 12 semanas.
Los resultados fisicos y cognitivos se evaluaran antes
y después de la intervencion mediante instrumentos
validados, incluyendo la prueba Timed Up and Go,
Mini-BESTest, Montreal Cognitive Assessment, Trail
Making Test y Digit Span Test, entre otros. El tamano
de la muestra se estimo en 44 participantes (22 por
grupo), considerando un poder estadistico del 95% y
una tasa de abandono del 20%, con base en estudios
previos de disefo similar.

Resultados: Se espera que el grupo de doble tarea
muestre mejoras mas significativas en el equilibrio, la
funcion fisica y el desempeno cognitivo en compa-
racion con el grupo de tarea unica, demostrando la
superioridad del entrenamiento motor-cognitivo de
alta intensidad.

Conclusiones: Si se confirman los resultados, el en-
trenamiento en tarea dual podra considerarse una
intervencion eficaz y accesible para mejorar la salud
fisicay cognitiva de las personas mayores, ayudando a
reducir el riesgo de caidas y los costos asociados a la
salud. Este estudio proporcionara evidencia importante
para la inclusiéon de desafios cognitivos en programas
de egjercicios, con el objetivo de maximizar los beneficios

para esta poblacion.

Registro del ensayo: El ensayo fue registrado pros-
pectivamente en el Registro Brasileno de Ensayos
Clinicos (RBR-107mtjc8).

Palabras clave: Tarea dual; Personas mayores; Ca-
pacidad funcional; Cognicion.

Introduction

Aging is a natural and lifelong process that
involves biological, psychological, and social
changes in a person. These changes are
particularly significant in the musculoskeletal
system, affecting movement, strength, and
stamina®. Consequently, several musculoskeletal
disorders can arise from them, increasing the
risk of falls, fractures and subsequent morbidity
and mortality®. Falls are a global health concern,
with alarmingly high rates of one or more falls
per yeart4,

One of the most effective and cost-efficient
methods of preventing falls is the practice of
exercise, which has been shown to reduce the
fallrate by up to 23% among community-dwelling
elderly individuals®. Particularly effective results
have been obtained from multicomponent
training programs, which target strength, aerobics,
flexibility, and balance exercises®. The High
Intensity Functional Exercise (HIFE) Program is
an exercise protocol designed to increase the
functionality and fitness of elderly individuals.
It provides exercises in different weight-bearing
positions, adaptable for distinct functional
capacities and allowing for progression and
adaptation. The protocol has been shown to have
positive effects in balance, gait, and strength?-®.

Furthermore, cognitive skills, such as memory,
attention and executive functions are also shown
to decrease with aging®. As a result, the execution
of dual-task (DT) activities—where an individual
must perform two distinct tasks simultaneously, a
common practice in day-to-day life—is impaired“.
Arising from this issue, dual-task training is a
potential method to enhance not only cognitive
functions but also physical abilities, improving
balance, gait and executive functions, thus being
an effective strategy in preventing falls in older
adults®?,
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However, evidence regarding the effects of
both high-intensity functional exercise and dual-
task training remains somewhat limited. Recent
studies have shown that while dual-task training
can improve both cognitive and physical functions
in older adults, further research with higher
methodological quality and larger sample sizes
is needed to strengthen these findings®?. Similarly,
reviews on high-intensity exercise in older adults
indicate that, despite generally positive physical
outcomes, additional evidence is required to
establish its consistent effects across different
functional domains®,

To date, few randomized controlled trials have
directly examined the combined and isolated
effects of high-intensity functional exercise
and dual-task training on both cognitive and
physical outcomes in older adults. Addressing this
knowledge gap is essential to determine whether
incorporating a cognitive component into a high-
intensity functional training program provides
additional benefits beyond those achieved by
physical training alone.

Therefore, this randomized controlled
trial aims to investigate the effects of a high-
intensity functional training program, with and
without a dual-task component, on balance,
functional capacity, and cognitive performance
in community-dwelling older adults. The primary
outcome will be gait quality improvement,
measured by a reduction in execution time on
the three-meter walk test.

Method

Study design and ethics approval

This study is a double-blind randomized
controlled trial, with a parallel two-arm design,
for community-dwelling older adults. The study
will be conducted as part of the PESCID program,
a 10-year extension program of the university
involved in collaboration with the city's Municipal
Secretariat of Health. This study has been
written in agreement with the principles of the
Declaration of Helsinki and the guidelines of Good
Clinical Practice, the Consolidated Standards of

Reporting Trials (CONSORT) and the Standard
Protocol Iltems (SPIRIT) statements. This trial was
approved by the ethics committee of the involved
institutions (CAAE: 78449824.4.0000.5345) and
(CAAE: 78449824.4.3001.5338) and has been
prospectively registered at the Brazilian Registry
of Clinical Trials (RBR-107mtjc8). All patients will be
asked to provide written informed consent prior
to the study enrollment, using standard forms.

Study settings

The study data collection and training
protocol will be carried out at the Public Physical
Rehabilitation Unit of the IAPI's Health Center,
Porto Alegre, Brazil.

Participants and recruitment

The recruitment strategy will follow referral
from affiliated basic health units of the North
Health Coordination of the Porto Alegre SMS or
through posters displayed in the same units. All
participants will be instructed to fill out an on-line
registration form and will be contacted via phone
callby a member of the research team. During this
phone call, assessment of eligibility of participants
with respect to inclusion and exclusion criteria
will be performed. The established inclusion
criteria are: (a) male or female community-
dwelling older adults who are aged 260 years;
(b) reside in Porto Alegre; (c) willingness and
availability to participate in group activities on
established days and times; and (d) be physically
independent individuals (based on the Katz
index). The established exclusion criteria are: (a)
physical limitations that make it impossible to
perform the proposed exercises; (b) uncontrolled
chronic diseases or judged clinically unstable; (c)
incapacitating pain; (d) inability to understand and
execute simple instructions; and (e) refusal to give
informed consent. No other inclusion or exclusion
criteria will be applied. Eligible participants will
be invited to participate in the study. During the
first visit to the study site, participants will receive
detailed study information (objectives, methods,
benefits and risks of the research project) from
the research team and will be asked to sign the
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informed consent form.

Sample size

The sample size was determined based on
data from Teza et al., who reported a between-
group difference of approximately 0.12 m/s in the
3-meterwalk test (SD = 0.39 m/s), corresponding
to a small-to-moderate effect (d = 0.34;f= 0.17). To
ensure a conservative estimation and adequate
statistical power, an effect size of f = 0.25 was
adopted for the a priori calculation. Power analysis
performed in G'Power (a = 0.05; power = 0.80; p =
0.60) indicated that a total of 48 participants (24
per group) would be sufficient, accounting for an
estimated 20% attrition rate.

Randomization

After signing the informed consent, participants
willbe randomly allocated to either a high-intensity
and functional exercise program (single-task
group) or to the same program with simultaneous
cognitive training (dual-task group) for 12 weeks
using a computer-generated random number
for each participant. The participant's group will
be kept confidential from assessors, participants,
and the statistician of this study until the end of
the study.

Blinding

All participants of this study will be blindly
assigned to one of the intervention groups.
Considering the nature of the intervention,
participants in both groups will be unable to
distinguish between the treatments applied.
On the other hand, due to the particularity of
the exercise protocol, instructors cannot be
blinded to allocation. Thus, measurements
pre- and post-intervention will be assessed by
independent assessors, blinded to participant's
conditions. Also, statistician staff will not be aware
of the participants’ allocation. Consequently,
participants, assessors and the statistician will be
blinded regarding the group allocation.

Intervention

Training sessions will be conducted at the
Public Physical Rehabilitation Unit of the IAPI's
Health Center, Porto Alegre, Brazil, in a group
setting (15-20 participants) by pre-trained physical
therapy students. Each session will last for 50
minutes, twice a week, for 12 weeks. All sessions
will begin with a five to seven-minute warm-up
period, followed by physical exercises based on
the High-Intensity Functional Exercise program
(HIFE) simultaneously or not with cognitive
challenges.

Experimental group

The dual-task approach in this study defines
dual-tasking as the “concurrent performance of
two tasks with distinct and separate goals"®.
Participants in the experimental group will
be instructed to complete a warm-up period,
followed by the exercises outlined in the HIFE
program, while simultaneously performing
cognitive challenges. The HIFE Protocol was
developed at Umea University in Sweden and
is composed mostly of balance exercises in
combination with standing, walking and lower-
limb strength exercises". The intensity of the
exercises is tailored to each individual's pace,
but participants are encouraged to gradually
increase it as they progress. Exercise parameters
are adjusted each session based on individual
responses.

The cognitive tasks covered a variety of
cognitive domains, each with a distinct goal
separate from the primary HIFE exercise (e.g.,
performing serial-three subtraction while
executing squats in a walking stance). Secondary
cognitive tasks included: (a) mathematical
operations (e.g., addition and subtraction); (b)
counting backward by intervals (e.g. by 1, 3, 5, 7);
(c) clapping when hearing a word from a specific
category (e.g., objects, animals, colors, names);
(d) naming words in a category (e.g., objects,
animals, colors, names); (e) recite years, months,
or days of week backwards; (f) memory tasks
(e.g., recalling previously mentioned objects,
animals, colors, names or stories); (g) auditory and
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visual discrimination (e.g., identifying differences
in colors, shapes, or sounds, such as voices);
(h) inhibitory control tasks (e.g., Simon Says,
Stroop task), among others. Secondary tasks
were simultaneously performed during the
execution of primary motor tasks in 100% of the
total of exercises. Examples and comparisons of
these cognitive tasks across weeks 1, 6, and 12
of training are presented in Table 1. Additionally,
examples of HIFE-based lower-limb motor tasks
combined with cognitive tasks used in the dual-
task intervention are summarized in Table 2, which
illustrates the structure and logic of task pairing
throughout the sessions.

The progression of exercises will be tailored
using the dual-task taxonomy framework
proposed by Mclsaac et al.®s, This framework
enables instructors to classify the overall activity
level as “easier’, “moderate’, or *harder” based on
the task’s characteristics and the participant's
abilities, helping to identify the most suitable
tasks for each individual. Instructors assess two
task domains: novelty and complexity. Novelty
refers to the participant's prior experience with
a specific task, while complexity involves the
number of components, and the attentional
demands required. Examples of how novelty
and complexity are systematically increased
in both the motor and cognitive components
of the dual-task intervention are presented in
Table 3, illustrating the progression logic applied
throughout the 12-week program. This approach
ensures that each exercise progresses steadily
and provides sufficient cognitive overload for
effective stimulation.

Control group

Participants in the control group started with
a five-to-seven-minute warm-up, followed by a
series of HIFE program exercises. These exercises
included lunges, sit-to-stands, heel raises, tandem
walking, step-ups, and walking over obstacles,
forming the core of the intervention and lasting
about forty minutes per session. Each session
ended with five to ten minutes of stretching and
relaxation techniques, such as deep breathing

and other mindfulness practices.

Evaluation

Participants will be assessed at the start of
the program and after 12 weeks of intervention.
At baseline, sociodemographic data (age, sex,
education, and living situation), clinical history,
fall history over the previous year, and current
medication use will be collected, along with
information on comorbidities and physical
activity levels. Different instruments will be
used to evaluate the efficacy of the intervention
program on physical functioning and cognitive
performance. Pre- and post-intervention
measurements will be conducted by independent
assessors who will be blind to the participants'’
conditions and group assignments.

Outcome measures

The primary and secondary outcome measures
will focus on key domains: physical functioning
and cognitive performance. Additionally,
secondary outcomes will include satisfaction
and psychological scales.

Physical functioning outcomes

The following physical functioning outcomes
will be measured to evaluate the efficacy of the
intervention program: (@) The Timed Up and Go
(TUG) Test - measures the time required for a
participant to rise from a chair, walk three meters,
turn around, and return to the seated position.
This assessment evaluates balance, mobility and
the risk of falls during daily activities. Typically,
healthy elderly individuals complete the task in
ten seconds or less, with longer times indicating a
higher fall risk®”; (b) The Mini-Balance Evaluation
Systems Test (Mini-BESTest) - assesses balance
and postural control through 14 tasks, including
anticipatory postural adjustments and dynamic
gait"®. The test has a maximum score of 28, with
scores below 19 suggesting a higher risk of falls"?,
(c) The Short Physical Performance Battery (SPPB)
- evaluates lower extremity function through
three components: balance tests (standing in
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parallel, semi-tandem, and tandem stances),
gait speed (walking four meters as quickly as
possible), and a sit-to-stand test (performing the
action five times as quickly as possible)??. Scores
range from 0 to 12 and are useful for predicting
mortality in older adults®?; (d) The Functional
Reach Test (FRT) - evaluates stability and balance
by having participants reach forward as far as
possible while keeping their feet stationary®?.
The distance reached is an important indicator of
balance impairment in older adults®®; and (e) The
Sit-to-Stand Test (SST) - measures lower body
strength by counting the number of sit-to-stand
movements a participant can complete in one
minute®®, This test provides a reliable measure
of lower limb strength and exercise capacity,
useful for comparing pre- and post-intervention
results®. Primary physical functioning outcomes
include TUG, Mini-BESTest and SPPB. Secondary
physical functioning outcomes include FRT and
SST.

Cognitive performance outcomes

The following cognitive performance outcomes
will be measured to evaluate the efficacy of the
intervention program: (a) The Montreal Cognitive
Assessment (MoCA) - it includes a variety of
assessments covering attention, memory,
executive functions, and language, with a
maximum score of 30. The MoCA is widely used
to identify cognitive impairments®®-27; (b) The
Trail Making Test (TMT) - assesses cognitive
functions such as attention, processing speed,
and executive function through two parts: Part
A, where participants connect a sequence of
numbers, and Part B, where they alternate
between numbers and letters. This test measures
completion speed and errors, serving as a strong
indicator of cognitive performance®®; (c) The
Stroop Test (STROOP) - evaluates cognitive
control, processing speed, and the ability to
manage task interference®. Participants are
presented with cards featuring color-word
patterns and must read aloud only the color
of the ink, ignoring the written words. This test
provides insights into cognitive integrity and

is useful for evaluating cognitive abilities®®; (d)
The Digit Span Test (DST) - consists of two parts:
Forward and Backward. In Forward, participants
repeat a sequence of numbers in the same order
they were read aloud. In the Backward part,
they repeat the sequence in the reverse order.
This test primarily evaluates working memory
and attention®; Primary cognitive performance
outcomes include TMT-A, TMT-B, STROOP, and
DST. Secondary cognitive performance outcomes
include MoCA.

Psychological outcome

Psychological outcome will include the
Geriatric Depression Scale-4 (GDS-4), a brief
questionnaire with four yes/no questions used to
screen for potential depression in older adults®?.
This scale is effective in identifying mental health
issues within this population®?,

Satisfaction

After 12 weeks, the satisfaction of the
participants with the exercise program will be
examined by means of a questionnaire. The
questionnaire consists of four questions related
to the project's importance to their health, social
integration, community and leisure. Satisfaction
will be rated on a 1-5 Likert scale with response
categories unimportant (1), slightly important
(2), moderately important (3), important (4), and
very important (5). An overall patient-perceived
satisfaction score will be calculated by summing
all question scores.

Adverse events and dropout

Adverse events will be self-reported by
participants to the research team and are
considered as any unfavorable or unintentional
health-related incident developed or worsened
during the study period. All participants who
decide to leave or not complete the study protocol
after randomization or during the intervention will
be contacted.
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Dissemination

Results of this study will be published in
national or internationaljournals. Also, the results
will be presented at conferences as well as to
the coordinator and staff members of the North
Health Coordination of the Porto Alegre SMS.

Statistical considerations

The data will be analyzed using Linear Mixed
Effects Models (LMEM) to evaluate the effects
of the intervention on primary and secondary
outcomes. The models will include covariates
such as age, education, comorbidities, and
medication use, and will test the group x time
interaction (intervention vs. control; pre- vs. post-
intervention). Analyses will follow the intention-
to-treat principle, with missing data handled
through maximum likelihood estimation. Results
will be presented as estimated marginal means,
standard deviations, effect sizes (Cohen's d or
partial n3), and 95% confidence intervals.

Discussion

The current study is a double-blind randomized
controlled trial, with a parallel two-arm design,
aiming to evaluate the impact of simultaneously
incorporating cognitive challenges into a high-
intensity functional exercise program and
assess whether they can enhance outcomes on
older adults physical functioning and cognitive
performance.

The effects of physical exercise for preserving
and even improving cognitive and physical
performance in healthy older adults are well
established®439, Additionally, high intensity
functional exercises have also demonstrated
to counteract declines in functional capacity®”.
However, despite growing evidence supporting
the integration of cognitive demands into exercise,
findings across studies remain inconsistent. A
similar study reported neutral or even negative
outcomes of dual-task interventions, particularly
when task complexity exceeds attentional
capacity or when participants present frailty or
cognitive impairment®©®,

Therefore, rather than assuming superior
effects of dual-task training, this protocol aims
to rigorously test whether the concurrent
performance of motor and cognitive tasks
produces additive benefits beyond those of
high-intensity exercise alone. The results may
also clarify under which participant profiles, such
as baseline cognition or functional level, these
combined interventions are most effective.

Furthermore, recent studies have highlighted
that the magnitude of dual-task training effects,
particularly on cognitive outcomes, varies
substantially between healthy and frail older
adults, with the latter generally showing smaller
improvement®?, This difference may be explained
by the strong interrelationship between frailty,
cognitive decline, and dual-task performance®?,
Older adults with mild cognitive impairment tend
to exhibit poorer performance under dual-task
conditions, primarily due to reduced attentional
resources and slower processing speed, which
limit their ability to allocate cognitive effort
efficiently across simultaneous tasks“?. These
findings reinforce the neurophysiological rationale
that dual-task training benefits depend on the
integrity of executive and attentional control
networks and may be modulated by individual
levels of cognitive reserve.

Our hypothesis is that the experimental
program, with 100% of activities consisting of
dual-task exercises, will demonstrate significantly
better results compared to the sole high-
intensity functional exercise program (single-
task program), thereby validating motor-cognitive
stimulation as an accessible and effective toolin
older adults' physical training. Nevertheless, we
acknowledge that dual-task training may not yield
homogeneous effects across all participants, and
that variability may arise from baseline cognitive
status, education level, medication use, and other
individual differences.

The protocol includes a comprehensive
set of assessments, designed to capture the
specific effects of both dual-task and high-
intensity exercises on the physical, cognitive,
and physiological aspects of participants. The
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use of blinding for participants, assessors, and
the statistician, along with a progressive training
program that increases difficulty and complexity,
ensures that the protocol is carried out under
optimal conditions.

However, the study may face certain limitations,
particularly due to its twelve-week duration,
with sessions held twice-weekly. This may
impact participant adherence, as older adults
often contend with health or family issues that
could affect their ability to consistently attend
or fully commit to the program. Furthermore,
the instructors will not be blinded due to the
nature of the intervention, which is inherent to
exercise-based interventions. Other studies have
also reported the same occurrence“4?, All other
study personnel will remain blind, as previously
described, and the instructors will follow identical
session protocols, with predefined progression
criteria for all participants.

Additional methodological challenges should
also be acknowledged. Potential sources of
bias include the Hawthorne effect, selective
adherence among more motivated or healthier
individuals, and the absence of stratification by
baseline cognitive level. These limitations will be
considered when interpreting the results.

Moreover, medication use, particularly
psychotropic and neuroactive agents,
may influence cognitive performance and
responsiveness to training. While medication
control will not be a formal exclusion criterion,
these variables will be documented and adjusted
for in the statistical analyses.

The findings from this study could provide
valuable insights for healthcare professionals
working with older adults, highlighting the
potential benefits of integrating high-intensity
exercises and simultaneous cognitive challenges
to improve care outcomes and maximize results
in aged populations. By explicitly addressing
potential sources of bias and individual variability,
the present protocol contributes to advancing
methodological rigor and transparency in the
field of motor-cognitive training. Additionally, the
results could lead to a reduction in the risk of falls

as wellas the direct and indirect costs associated
with fall episodes. Ultimately, this research could
contribute to future guidelines on the relation of
cognition and functional mobility in older adults.

Funding

This study received no external funding.

Conflict of interest

The authors report no conflicts of interest
associated with this study.

References

Chalise HN. Aging: Basic Concept. Am J Biomed Sci
Res [Internetl. 2019 [cited 2025 Dec 23];1(1):8-10. Avai-
lable from: https./biomedgrid.com/fulltext/volume1/
aging-basic-concept.lD.000503.php.

Minetto MA, Giannini A, McConnell R, Busso C, Torre
G, Massazza G. Common Musculoskeletal Disorders in
the Elderly: The Star Triad. J Clin Med lIinternetl. 2020
[cited 2025 Dec 231;9(4):1216. Available from: https./
doi.org/10.3390/jcmQg041216.

Blanco-Blanco J, Albornos-Munoz L, Costa-Menen
MA, Garcia-Martinez E, Rubinat-Arnaldo E, Martine-
z-Soldevila J, et al. Prevalence of falls in noninstitu-
tionalized people aged 65-80 and associations with
sex and functional tests: A multicenter observational
study. Res Nurs Health [Internetl. 2022 [cited 2025 Dec
231:45(4):433-45. Available from: https:./pmc.ncbinlm.
nih.gov/articles/PMCQg543892/.

Souza AQ, Pegorari MS, Nascimento JS, Oliveira PB,
Tavares DMS. Incidéncia e fatores preditivos de que-
das em idosos na comunidade: um estudo longitu-
dinal. Ciénc Saude Colet [Internetl. 2019 [cited 2025
Dec 231;24(9):3507-16. Available from: https://doi.
0rg/10.1590/1413-81232018249.30512017.

Sherrington C, Fairhall N, Wallbank GK, Tiedemann
A, Michaleff ZA, Howard K, et al. Exercise for pre-
venting falls in older people living in the community.
Cochrane Database Syst Rev [Internetl. 2019 [cited
2025 Dec 23[;1(1):CD012424. Available from: https://doi.
0rg/10.1002/14651858.CD012424.pub2.

Sherrington C, Michaleff ZA, Fairhall N, Paul SS, Tie-
demann A, Whitney J, et al. Exercise to Prevent Falls
in Older adults: an Updated Systematic Review and
meta-analysis. Br J Sports Med lInternetl. 2016 [cited
2025 Dec 231;51(24):1750-8. Available from: https://doi.
0rg/10.1136/bjsports-2016-096547.

Rosendahl E, Lindeldf N, Littbrand H, Yifter-Lindgren
E, Lundin-Olsson L, Haglin L, et al. High-intensity func-
tional exercise program and proteinenriched energy
supplement for older persons dependent in activities
of daily living: A randomised controlled trial. Aust J
Physiother [Internetl. 2006 [cited 2025 Dec 23];52(2):105-
13. Available from: https://doi.org/10.1016/50004-
9514(06)70045-9Q.



https://biomedgrid.com/fulltext/volume1/aging-basic-concept.ID.000503.php
https://biomedgrid.com/fulltext/volume1/aging-basic-concept.ID.000503.php
https://doi.org/10.3390/jcm9041216
https://doi.org/10.3390/jcm9041216
https://pmc.ncbi.nlm.nih.gov/articles/PMC9543892/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9543892/
https://doi.org/10.1590/1413-81232018249.30512017
https://doi.org/10.1590/1413-81232018249.30512017
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1136/bjsports-2016-096547
https://doi.org/10.1136/bjsports-2016-096547
https://doi.org/10.1016/S0004-9514(06)70045-9
https://doi.org/10.1016/S0004-9514(06)70045-9

Jodo Vitor ELH. Szortyka - Mariane Ronconi * Adriana T. de Lemos - Felipe de S. Stigger
The effects of high intensity functional exercise and simultaneous dual-task training in older adults

9/13

Heinrich KM, Becker C, Carlisle T, Gilmore K, Hauser J,
Frye J, et al. High-intensity functional training improves
functional movement and body composition among
cancer survivors: a pilot study. Eur J Cancer Care (Engl)
linternetl. 2015 [cited 2025 Dec 231,24(6):812-7. Available
from: https://doi.org/10.1111/ecc.12338.

Harada CN, Natelson Love MC, Triebel KL. Normal
Cognitive Aging. Clin Geriatr Med [Internetl. 2013 [cited
2025 Dec 231,29(4):737-52. Available from: https./www.
geriatric.theclinics.com/article/S0749-0690(13)00059-
1/abstract.

Varela-Vasquez LA, Minobes-Molina E, Jerez-Roig
J. Dual-task exercises in older adults: A structured
review of current literature. J Frailty Sarcopenia Falls
[Internetl. 2020 [cited 2025 Dec 231;5(2):31-7. Available
from: https:./www.jfsf.eu/article/5/31.

Park JH. Is Dual-Task Training Clinically Beneficial to
Improve Balance and Executive Function in Commu-
nity-Dwelling Older Adults with a History of Falls?
Int J Environ Res Public Health [Internetl. 2022 [cited
2025 Dec 231;19(16):10198. Available from: https://doi.
0rg/10.3390/ijerph191610198.

Trombini-Souza F, Moura VTF, Silva LWN, Leal IS, Nas-
cimento CA, Silva PST, et al. Effects of two different
dual-task training protocols on gait, balance, and cog-
nitive function in community-dwelling older adults: a
24-week randomized controlled trial [Internetl. 2023
[cited 2025 Dec 23];11:€15030-0. Available from: https:./
peerj.com/articles/15030/.

Ye JY,Chen R, ChuH, Lin HC, Liu D, Jen HJ, et al. Dual-
-task training in older adults with cognitive impairment:
A meta-analysis and trial sequential analysis of rando-
mized controlled trials. Int J Nurs Stud [Internet]. 2024
[cited 2025 Dec 231;155:104776. Available from: https.//
doi.org/10.1016/j.ijnurstu.2024.104776.

Liang W, Wang X, Cheng S, Jiao J, Zhu X, Duan Y. Effects
of High-Intensity Interval Training on the Parameters
Related to Physical Fitness and Health of Older Adults:
A Systematic Review and Meta-Analysis. Sports Med
[Internet] 2024 [cited 2025 Dec 231:10(1):98. Available
from: https./link.springer.com/article/10.1186/s40798-
024-00767-9.

Mclsaac TL, Lamberg EM, Muratori LM. Building a
Framework for a Dual Task Taxonomy. Biomed Res Int
[Internetl. 2015 [cited 2025 Dec 23];2015:1-10. Available
from: https://doi.org/10.1155/2015/591475.

Rosendahl E, Gustafson Y, Nordin E, Lundin-Olsson L,
Nyberg L. Arandomized controlled trial of fall preven-
tion by a high-intensity functional exercise program
for older people living in residential care facilities.
Aging Clin Exp Res lInternetl. 2008 [cited 2025 Dec
231:20(1):67-75. Available from: https://link.springer.
com/article/10.1007/BF03324750.

Bohannon RW. Reference Values for the Timed Up and
Go Test. J Geriatr Phys Ther [Internetl. 2006 [cited 2025
Dec 231;29(2):64-8. Available from: https:.//journals.lww.
com/jgpt/abstract/2006/08000/reference_values
for_the_timed_up_and_go_test _a.4.aspx.

Maia AC, Rodrigues-de-Paula F, Magalhaes LC, Teixei-
ra RLL. Cross-cultural adaptation and analysis of the
psychometric properties of the Balance Evaluation
Systems Test and MiniBESTest in the elderly and in-
dividuals with Parkinson's disease: application of the
Rasch model. Braz J Phys Ther [Internetl. 2013 Icited
2025 Dec 231;17(3):195-217. Available from: https://doi.
0rg/10.1590/51413-35552012005000085.

Liao WY, Chu YH, Liu FY, Chang KM, Chou LW. Cutoff
Point of Mini-Balance Evaluation Systems Test Scores
for Elderly Estimated by Center of Pressure Measure-
ments by Linear Regression and Decision Tree Classifi-
cation. Life [Internet]. 2022 [cited 2025 Dec 23];12(12):2133.
Available from: https://doi.org/10.3390/life12122133.

Gomez JF, Curcio CL, Alvarado B, Zunzunegui MV,
Guralnik J. Validity and reliability of the Short Physical
Performance Battery (SPPB): a pilot study on mobi-
lity in the Colombian Andes. Colomb Med linternetl.
2013 [cited 2025 Dec 231,44(3):165-71. Available from:
https./pmc.ncbi.nlm.nih.gov/articles/PMC4002038/
pdf/1657-9534-cm-44-03-00165.pdf.

Silva CFB, Ohara DG, Matos AP, Pinto ACPN, Pegorari
MS. Short Physical Performance Battery as a Measure
of Physical Performance and Mortality Predictor in
Older Adults: A Comprehensive Literature Review.
Int J Environ Res Public Health [Internetl. 2021 [cited
2025 Dec 23];18(20):10612. Available from: https:.//doi.
0rg/10.3390/ijerph182010612.

Ferreira S, Raimundo A, Marmeleira J. Test-retest re-
liability of the functional reach test and the hand grip
strength test in older adults using nursing home ser-
vices. Ir J Med Sci [Internetl. 2021 [cited 2025 Dec
231:190(4):1625-32. Available from: https:./link.springer.
com/article/10.1007/511845-020-02492-0.

Duncan PW, Weiner DK, Chandler J, Studenski S. Func-
tional Reach: A New Clinical Measure of Balance. J
Gerontol [Internetl. 1990 [cited 2025 Dec 231;45(6):M192-
7. Available from: https://doi.org/10.1093/geron-
j/45.6.M192.

Balachandran AT, Vigotsky AD, Quiles N, Mokkink LB,
Belio MA, Glenn JM. Validity, reliability, and measure-
ment error of a sit-to-stand power test in older adults:
A pre-registered study. Exp Gerontol [Internet]. 2021
[cited 2025 Dec 231;145:111202. Available from: https.//
doi.org/10.1016/j.exger.2020.111202,

Bohannon RW, Crouch R. 1-Minute Sit-to-Stand Test.
J Cardiopulm Rehabil Prev [Internetl. 2019 [cited 2025
Dec 23139(1):2-8. Available from: https:.//journals.lww.
com/jcrjournal/abstract/2019/01000/1_minute_sit
to_stand_test__systematic_review_of.2.aspx.

Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau
S, Whitehead V, Collin |, et al. The Montreal Cognitive
Assessment, MoCA: A brief screening tool for mild
cognitive impairment. J Am Geriatr Soc [Internetl]. 2005
[cited 2025 Dec 23153(4):695-9. Available from: https.//
doi.org/10.1111/j.1532-5415.2005.53221.X.



https://doi.org/10.1111/ecc.12338
https://www.geriatric.theclinics.com/article/S0749-0690(13)00059-1/abstract
https://www.geriatric.theclinics.com/article/S0749-0690(13)00059-1/abstract
https://www.geriatric.theclinics.com/article/S0749-0690(13)00059-1/abstract
https://www.jfsf.eu/article/5/31
https://doi.org/10.3390/ijerph191610198
https://doi.org/10.3390/ijerph191610198
https://peerj.com/articles/15030/
https://peerj.com/articles/15030/
https://doi.org/10.1016/j.ijnurstu.2024.104776
https://doi.org/10.1016/j.ijnurstu.2024.104776
https://link.springer.com/article/10.1186/s40798-024-00767-9
https://link.springer.com/article/10.1186/s40798-024-00767-9
https://doi.org/10.1155/2015/591475
https://link.springer.com/article/10.1007/BF03324750
https://link.springer.com/article/10.1007/BF03324750
https://journals.lww.com/jgpt/abstract/2006/08000/reference_values_for_the_timed_up_and_go_test__a.4.aspx
https://journals.lww.com/jgpt/abstract/2006/08000/reference_values_for_the_timed_up_and_go_test__a.4.aspx
https://journals.lww.com/jgpt/abstract/2006/08000/reference_values_for_the_timed_up_and_go_test__a.4.aspx
https://doi.org/10.1590/S1413-35552012005000085
https://doi.org/10.1590/S1413-35552012005000085
https://doi.org/10.3390/life12122133
https://pmc.ncbi.nlm.nih.gov/articles/PMC4002038/pdf/1657-9534-cm-44-03-00165.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC4002038/pdf/1657-9534-cm-44-03-00165.pdf
https://doi.org/10.3390/ijerph182010612
https://doi.org/10.3390/ijerph182010612
https://link.springer.com/article/10.1007/s11845-020-02492-0
https://link.springer.com/article/10.1007/s11845-020-02492-0
https://doi.org/10.1093/geronj/45.6.M192
https://doi.org/10.1093/geronj/45.6.M192
https://doi.org/10.1016/j.exger.2020.111202
https://doi.org/10.1016/j.exger.2020.111202
https://journals.lww.com/jcrjournal/abstract/2019/01000/1_minute_sit_to_stand_test__systematic_review_of.2.aspx
https://journals.lww.com/jcrjournal/abstract/2019/01000/1_minute_sit_to_stand_test__systematic_review_of.2.aspx
https://journals.lww.com/jcrjournal/abstract/2019/01000/1_minute_sit_to_stand_test__systematic_review_of.2.aspx
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x

10/13

PAJAR, Porto Alegre, v. 14, p. 1-13, jan.-dez. 2026 | e-48581

Daniel B, Agenagnew L, Workicho A, Abera M. Psycho-
metric properties of the montreal cognitive assess-
ment (moca) to detect major neurocognitive disorder
among older people in ethiopia: A validation study.
Neuropsychiatr Dis Treat [Internetl. 2022 [cited 2025 Dec
231:18:1789-98. Available from: https.//doi.org/10.2147/
NDT.S377430.

Llinas-Regla J, Vilalta-Franch J, Lopez-Pousa S, Cal-
vo-Perxas L, Torrents Rodas D, Garre-Olmo J. The
Trail Making Test. Assessment [Iinternetl. 2017 [cited
2025 Dec 23];24(2):183-96. Available from: https://doi.
0rg/10.1177/1073191115602.

Perianez JA, Lubrini G, Garcia-Gutiérrez A, Rios-Lago
M. Construct Validity of the Stroop Color-Word Test:
Influence of Speed of Visual Search, Verbal Fluency,
Working Memory, Cognitive Flexibility, and Conflict
Monitoring. Arch Clin Neuropsychol [Internetl. 2021
[cited 2025 Dec 231;36(1):99-111. Available from: https.//
doi.org/10.1093/arclin/acaa034.

Yun JY, Lee DY, Seo EH, Choo IH, Park SY, Kim SG, et al.
Neural Correlates of Stroop Performance in Alzheimer's
Disease: A FDG-PET Study. Dement Geriatr Cogn Dis
Extra [Internet]. 2011 [cited 2025 Dec 231;1(1):190-201.
Available from: https://doi.org/10.1159/000329517.

Woods DL, Kishiyama MM, Yund EW, Herron TJ, Edwards
B, Poliva O, et al. Improving digit span assessment of
short-term verbal memory. J Clin Exp Neuropsychol
[Internetl. 2011 [cited 2025 Dec 23];33(1):101-11. Avai-
lable from: https://pmc.ncbinlm.nih.gov/articles/
PMC2978794/pdf/nihms208687.pdf.

Durmaz B. Validity and Reliability of Geriatric Depression
Scale - 15 (Short Form) in Turkish older adults. North Clin
Istanb [Internet]. 2018 [cited 2025 Dec 23];5(3):216-20.
Available from: https:.//pmc.ncbi.nlm.nih.gov/articles/
PMC6323561/pdf/NCI-5-216.pdf.

Branez-Condorena A, Soriano-Moreno DR, Navarro-Flo-
res A, Solis-Chimoy B, Diaz-Barrera ME, Taype-Rondan
A. Accuracy of the Geriatric Depression Scale (GDS)-4
and GDS-5 for the screening of depression among older
adults: A systematic review and meta-analysis. PloS
One [Internet]. 2021 [cited 2025 Dec 231;16(7):€0253899.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/
PMC8248624/pdf/pone.0253899.pdf.

Theill N, Schumacher V, Adelsberger R, Martin M,
Jancke L. Effects of simultaneously performed cog-
nitive and physical training in older adults. BMC Neu-
rosci [Internet]. 2013 [cited 2025 Dec 231;14(103):1-14.
Available from: https://link.springer.com/arti-
cle/10.1186/1471-2202-14-103.

Ansai JH, Andrade LP, Rossi PG, Takahashi ACM, Vale
FAC, Rebelatto JR. Gait, dual task and history of falls in
elderly with preserved cognition, mild cognitive impair-
ment, and mild Alzheimer's disease. Braz J Phys Ther
[Internetl. 2017 [cited 2025 Dec 231;21(2):144-51. Available
from: https://doi.org/10.1016/j.bjpt.2017.03.010.

Rezola-Pardo C, Rodriguez-Larrad A, Gomez-Diaz J,
Lozano-Real G, Mugica-Errazquin |, Patifio MJ, et al.
Comparison Between Multicomponent Exercise and
Walking Interventions in Long-Term Nursing Homes: A
Randomized Controlled Trial. Meeks S, editor. Geronto-
logist [Internetl. 2020 [cited 2025 Dec 231;60(7):1364-73.
Available from: https://doi.org/10.1093/geront/gnz177.

Heinrich KM, Crawford DA, Langford CR, Kehler A,
Andrews V. High-Intensity Functional Training Shows
Promise for Improving Physical Functioning and Ac-
tivity in Community-Dwelling Older Adults: A Pilot
Study. J Geriatr Phys Ther [Internetl. 2021 [cited 2025
Dec 231:44(1):9-17. Available from: https://journals.lww.
com/jgpt/abstract/2021/01000/high_intensity_func-
tional_training_shows_promise.3.aspx.

Teza EAR, Stigger F de S, Demarchi A, Salvi LF, Ron-
coni M, Szortyka JVEH, et al. High-Intensity Functional
Exercises Associated or Not With Cognitive Stimulation
Improves Cognition and Physical Performance in Older
Adults: A Double-Blind Randomized Controlled Trial. J
Aging Phys Act lInternetl. 2025 [cited 2025 Dec 23];1-10.
Available from: https://doi.org/10.1123/japa.2024-0270.

AliN, Tian H, Thabane L, Ma J, Wu H, Zhong Q, et al. The
effects of dual-task training on cognitive and physical
functions in older adults with cognitive impairment; A
systematic review and meta-analysis. J Prev Alzheimers
Dis [Internetl. 2022 [cited 2025 Dec 231;9(2):359-70.
Available from: https://doi.org/10.14283/jpad.2022.16.

Casemiro FG, Pelegrini L, Fernanda, Resende MC,
Aparecida R. Influence of frailty and cognitive decline
on dual task performance in older adults: an analytical
cross-sectional study. Rev Lat Am Enfermagem [Inter-
netl. 2025 [cited 2025 Oct 81;33:€4485. Available from:
https://doi.org/10.1590/1518-8345.7159.4485,

Kannan L, Pitts J, Szturm T, Purohit R, Bhatt T. Perturba-
tion-based dual task assessment in older adults with
mild cognitive impairment. Front Rehabil Sci [Internetl.
2024 [cited 2025 Dec 231;5:1384582. Available from:
https://doi.org/10.3389/fresc.2024.1384582.

Gémez-Redondo P, Valenzuela PL, Oscar Martinez-
-de-Quel, Sanchez-Martin C, Mdnica Cerezo-Arroyo,
Moreno-Manzanaro D, et al. The role of supervision
and motivation during exercise on physical and mental
health in older adults: a study protocol for a randomized
controlled trial (PRO-Training project). BMC Geriatr
[Internet]. 2024 [cited 2025 Dec 231:24(1):274. Available
from: https:./link.springer.com/article/10.1186/s12877-
024-04868-8.

Chan KOW, Yuen PP, Fong BYF, Law VTS, Ng FSF, Lee
JLC, et al. Synchronous Group-Based Tele-Exercise
Versus Community-Based Interventions: Effects on
Physical Functioning and Adherence in Older Adults at
Risk of Falls: A Randomized Controlled Trial. medRxiv
[Internetl. 2024 [cited 2025 Dec 23]:1-29. Available from:
https:.//doi.org/10.1101/2024.06.16.24308943.

Joao Vitor ELH. Szortyka

Undergraduate student in Physiotherapy at the Univer-
sidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA). Has academic interest in aging, cognition,
and dual-task training in older adults.


https://doi.org/10.2147/NDT.S377430
https://doi.org/10.2147/NDT.S377430
https://doi.org/10.1177/1073191115602
https://doi.org/10.1177/1073191115602
https://doi.org/10.1093/arclin/acaa034
https://doi.org/10.1093/arclin/acaa034
https://doi.org/10.1159/000329517
https://pmc.ncbi.nlm.nih.gov/articles/PMC2978794/pdf/nihms208687.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC2978794/pdf/nihms208687.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC6323561/pdf/NCI-5-216.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC6323561/pdf/NCI-5-216.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8248624/pdf/pone.0253899.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8248624/pdf/pone.0253899.pdf
https://link.springer.com/article/10.1186/1471-2202-14-103
https://link.springer.com/article/10.1186/1471-2202-14-103
https://doi.org/10.1016/j.bjpt.2017.03.010
https://doi.org/10.1093/geront/gnz177
https://journals.lww.com/jgpt/abstract/2021/01000/high_intensity_functional_training_shows_promise.3.aspx
https://journals.lww.com/jgpt/abstract/2021/01000/high_intensity_functional_training_shows_promise.3.aspx
https://journals.lww.com/jgpt/abstract/2021/01000/high_intensity_functional_training_shows_promise.3.aspx
https://doi.org/10.1123/japa.2024-0270
https://doi.org/10.14283/jpad.2022.16
https://doi.org/10.1590/1518-8345.7159.4485
https://doi.org/10.3389/fresc.2024.1384582
https://link.springer.com/article/10.1186/s12877-024-04868-8
https://link.springer.com/article/10.1186/s12877-024-04868-8
https://doi.org/10.1101/2024.06.16.24308943

Jodo Vitor ELH. Szortyka - Mariane Ronconi * Adriana T. de Lemos - Felipe de S. Stigger
The effects of high intensity functional exercise and simultaneous dual-task training in older adults

11/13

Mariane Ronconi

Undergraduate student in Physiotherapy at the Univer-
sidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA). Has academic interest in aging, cognition,
and dual-task training in older adults.

Adriana T. de Lemos

Holds a degree in Physiotherapy from Centro Universi-
tario Metodista (2003), a degree in Physical Education
from the Federal University of Rio Grande do Sul(2007),
a Master's degree in Human Movement Sciences from
the Federal University of Rio Grande do Sul (2007),
and a PhD in Human Movement Sciences from the
same institution (2012). Currently, she is an Associate
Professor at the Federal University of Health Sciences
of Porto Alegre. She has experience in the fields of
Physiotherapy, Public Health, and Occupational Health.

Felipe de S. Stigger

Holds a degree in Physiotherapy from Centro Uni-
versitario Metodista IPA (2004), a Master's degree in
Neurosciences from the Federal University of Rio Gran-
de do Sul (UFRGS - 2010), and a PhD from the same
graduate program (2013). During the Master's and PhD
studies, worked at the Comparative Histophysiology
Laboratory of the Institute of Basic Health Sciences
(ICBS/UFRGS). Currently an Assistant Professor in
the Physiotherapy program at the Federal University
of Health Sciences of Porto Alegre. Has experience
in Clinical and Neurofunctional Physiotherapy, with a
focus on geriatrics and gerontology. Current research
focuses on the Neurobiology of Rehabilitation, inves-
tigating the effects of different exercise modalities on
nervous system plasticity and functional outcomes.

Mailing address

Felipe de S. Stigger
Sarmento Leite St., 245
Historical Center, 90050-170
Porto Alegre, RS, Brazil

How to cite this article

ElHawat Szortyka, J. V., Ronconi, M., de Souza Stigger, F,
& Torres de Lemos, A. Os efeitos do exercicio funcional
de alta intensidade e do treinamento simultaneo de du-
pla tarefa em idosos: protocolo de um estudo de ensaio
clinico randomizado. PAJAR - Pan-American Journal
of Aging Research._https://doi.org/10.15448/2357-
0641.2026.1.48581

Table 1 - Structured examples illustrating cognitive task progression at weeks 1, 6, and 12 within the

dual-task HIFE training program

Week 1 - Initial
familiarization (Easier)

Cognitive domain
/ task type

Week 6 - Intermediate
progression (Moderate)

Week 12 - Advanced
complexity (Harder)

(@) Mathematical
operations

Simple additions and
subtractions (e.g., 2 + 3;

Counting by 2s forward.

(b) Backward

counting / tooby1.

sequencing Recite months of the year
in order.

(c) Auditory Clap when hearing a

response / target word (e.g., an

animal).
Respond only to high-
pitched sounds.

selective attention

Serial-three or serial-five
subtractions (e.g., 50, 47, 44..).
8 -2). Alternating addition and
subtraction (e.g., +3, -2).

Recite days of the week
backward.

Respond to target words from
two different categories (e.g.,
animals and colors).
Ignore distractor sounds or

Serial-seven subtraction (e.g.,
100, 93, 86..).
Performing mental
arithmetic involving two-step
calculations (e.g., x2 then -3)

Count backward from 20  Count backward from 50 by 2s  Count backward from 100 by

or 3s. 5s or7s.

Alternate between counting
numbers and letters (e.g,,
1-A-2-B-3-QC).
Respond differently to
multiple stimuli (e.g., clap for
‘animal," say “yes" for “color,
remain silent for “object”).
Identify target words
embedded in continuous
speech.

words.
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Week 1 - Initial

Cognitive domain
familiarization (Easier)

Week 6 - Intermediate
progression (Moderate)

Week 12 - Advanced
complexity (Harder)

/ task type
(d) Verbal fluency Name common Name items from a specific Name as many items as
(semantic household objects or category (e.g., colors, possible in one minute
category) fruits. countries) within 30 seconds. without repetition.
Generate words starting Alternate between two Switch between phonemic
with the same letter. categories (e.g., fruit-animal- and semantic categories (e.g.,
fruit-animal). words starting with “F" and
animals).
(e) Temporal Say days of the week in Recite months of the year Recite alternating temporal
sequencing / order. backward. units (e.g., Monday — January
backward recall Recite months of the year List seasons in reverse order. — Tuesday — February).
forward. Recall historical years or

Recall two previously
mentioned words or
objects.
Immediate repetition of
three numbers.

(f) Memory recall
(short-term /
working memory)

short delay.

1-2-3-4).

(9) Auditory-visual Identify whether a tone is

discrimination high or low.
Point out differences

between two pictures.

vs “cat”).

‘Simon Says": respond
only when the cue
includes “Simon says".
Simple go/no-go task
(respond to "A" ignore
‘B").

(h) Inhibitory
control / attention

shifting word itself.

Recall four to five words after a

Reorder a list alphabetically or
numerically (e.g., 4-1-3-2 —

Distinguish between words
that sound similar (e.g., “cap”

Recognize a target color or
symbol among distractors.

Simplified Stroop task: say the
color of a printed word, not the

Alternate between two
response rules (e.g., “if number,
say color; if letter, say shape”).

birthdays in chronological
order.
Recall six to eight words or
items after interference.
Remember and manipulate
information (e.g., repeat
every second word from a
sentence).
Detect paired stimuli (e.g.,
green circle + high tone).
Identify inconsistencies
between auditory and visual
cues (e.g., hearing “red" while
seeing blue).
Complex Stroop or flanker
tasks with interference.
Rapid rule-switching (e.g.,
change rule after every third
trial).

Note: This table illustrates the cognitive dimension of the dual-task training. Each domain progresses in difficulty
through increased cognitive load, multitasking demands, inhibition requirements, or working memory manipu-

lation, providing structured and reproducible stimulation over 12 weeks.

Table 2 - Examples of motor tasks (HIFE-based) paired with cognitive tasks in a dual-task setting

Motor task (HIFE-based,
lower-limb / balance)

Cognitive task example Notes / remarks

Static standing balance, feet
in parallel stance

Semi-squat in parallel stance
Step-ups (stepping onto a
small step and back)

Walking forward (flat surface)

Walking with turns / changes
in direction

Walking over obstacles

Maintains upright posture while
generating verbal responses.
Combines lower-limb muscle activation
with basic arithmetic.
Requires sustained attention and
rhythmic coordination with steps.

Name as many animals as
possible (semantic fluency)
Perform simple addition/
subtraction (e.g., 5+2,9 - 3)
Count backwards by 3s (e.g., 50,

47, 44..)
Recite months of the year Engages sequencing and working
backward memory during locomotion.

Demands selective attention and

Clap when hearing a target
inhibitory control while walking.

word (e.g., "animal’) but not for
distractors
Identify high vs. low tones played  Challenges auditory discrimination while

intermittently maintaining gait stability.
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Requires cognitive inhibition and dual
attention while balancing.

Perform a Stroop-Llike task: say
the color of printed words, not the
word itself

Tandem walking (heel-to-toe)

Walking on a soft surface / Recall six words from a list after Engages short-term memory and balance
foam interference (e.g., counting) control under unstable conditions.
Note: All motor tasks were adapted from the High-Intensity Functional Exercise (HIFE) program and emphasize
lower-limb strength, balance, and dynamic stability. Cognitive tasks were performed concurrently according
to Mclsaac's dual-task taxonomy.

Table 3 - Example of progression of novelty and complexity for motor and cognitive tasks in the du-
al-task HIFE framework

Task type

Task examples

Task novelty

Task complexity

Progression logic

Single motor
(HIFE-based)

Single cognitive
(same domain)

Combined
cognitive-motor
(dual-task)

Squat in parallel
stance, step-up,
walking with turns

Serial subtraction,
verbal fluency,
auditory
discrimination

HIFE walking task +
verbal fluency

HIFE step-up +
serial subtraction

HIFE walking with
turns + Stroop-like
task

Low: Familiar
movement, stable
surface, constant

speed

High: New or
less practiced
movement (e.g.,
tandem walking,
walking on foam)
Low: Simple
or well-known
task (e.g., count
backward by 1s)
High: New
or unfamiliar
mental operation
(e.g., Stroop-
like inhibition,

alternating category

naming)
Low novelty / low

complexity: Familiar

motor task (flat
walking) + simple
counting
Moderate novelty:
Slightly new task
pairing (e.q., step-
ups + subtraction)

High novelty: New
combination of
cognitive inhibition
with balance-
demanding task

Low: Simple
movement
sequence (e.g.,
parallel stance
squats)
High: Multi-
component
movement with
instability or
variable directions
Low: One-step
cognitive process,
minimal switching

High: Multiple rules
or rapid alternation
between categories

Low-High: Increase
either cognitive or
motor demand, not

both simultaneously

Moderate
complexity:
Maintain rhythm
and calculation
simultaneously
High complexity:
Rapid attentional

Start with familiar,
controlled movements

emphasizing posture and

safety.

Increase instability, range

of motion, or direction
changes to enhance
challenge.

Begin with familiar
operations with clear
rules and slow pacing.

Progress to dual-rule or
inhibition tasks requiring
attention shifting.

Introduce simultaneous
performance after both
tasks are mastered
individually.

Adjust one domain
at a time to maintain
feasibility and safety.

Used in late sessions
when participants can

switching + unstable manage divided attention

motor control

and instability safely.

Note: Task progression followed the dual-task taxonomy framework by Mclsaac et al. (15), in which novelty
refers to task familiarity and complexity to the number of components and attentional demands. Exercises
advanced stepwise from low to high levels of difficulty, combining motor and cognitive challenges throughout
the 12-week program.
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