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RESUMO

Introdução: o envelhecimento é um processo não patológico; no entanto, pode ser

acompanhado por uma variedade de disfunções musculoesqueléticas e cognitivas

resultantes principalmente de fatores modificáveis, afetando a qualidade de vida e

independência de pessoas idosas. Estudos indicam que exercícios físicos

associados a desafios cognitivos, podem ter um impacto positivo no desempenho

físico e na função cognitiva em idosos. Objetivo: investigar os efeitos de um

programa regular de exercícios funcionais de alta intensidade associado à

estimulação cognitiva no desempenho cognitivo e físico de indivíduos idosos.

Métodos: este estudo é um ensaio clínico randomizado controlado. 96 homens e

mulheres residentes da comunidade foram randomicamente designados para um

programa de exercícios funcionais de alta intensidade com base no Programa Hife,

com 50% dos exercícios físicos associados a uma tarefa cognitiva ou para o mesmo

programa, mas sem o componente da tarefa cognitiva. Ambos os grupos realizaram

duas sessões por semana de treinamento em grupo e exercícios progressivos de

força e equilíbrio durante um período de 16 semanas. Questionários e testes físicos

foram aplicados no início e após 16 semanas de intervenção. Resultados: ambos

os grupos apresentaram melhorias clinicamente significativas na cognição e no

desempenho físico em condições de simples e dupla tarefa (P < 0.05). Apenas o

grupo de treinamento em dupla tarefa obteve melhores resultados em relação ao

custo cognitivo ao realizar testes motores em condições de dupla tarefa (P < 0.05).

Não foram encontradas interações grupo-tempo, exceto para a confiança no

equilíbrio em ambos os grupos de intervenção (P < 0.05). Conclusões: a adição de

uma tarefa cognitiva simultânea ao treinamento funcional de alta intensidade não

oferece maiores benefícios quando comparada a realização de um programa de

exercícios funcionais de alta intensidade com base no Programa Hife em adultos

mais velhos residentes na comunidade.

Palavras-chave: Idosos. Envelhecimento. Desempenho físico. Cognição. Dupla
Tarefa.



ABSTRACT

Background: Aging is a non-pathological process; however, it can be accompanied

by a range of musculoskeletal and cognitive dysfunctions resulting primarily from

modifiable factors, affecting older people's quality of life and independence. Studies

indicate that physical exercise associated with cognitive challenges may have a

positive impact on physical performance and cognitive function in older people.

Objectives: investigate the effects of a regular high-intensity functional exercise

program combined with cognitive stimulation on the cognitive and physical

performance of elderly individuals. Methods: This study was a randomized

controlled trial. 96 community-dwelling men and women were randomly assigned to

either a high-intensity functional exercise program based on The Hife Program with

50% of physical exercises associated with a cognitive task or the same program but

without the cognitive task component. Both groups performed two sessions per

week of group training and progressive strength and balance exercises during a

period of 16 weeks. Questionnaires and physical tests were measured at baseline

and after 16 weeks of intervention. Results: both groups showed clinically significant

improvements on cognition and physical performance under single and dual-task

conditions (P < 0.05). Only the dual-task training group showed better outcomes

regarding cognitive cost when performing motor tests in dual-task conditions (P <

0.05). No group-by-time interactions were found except for balance confidence on

both intervention groups (P < 0.05). Conclusions: the addition of simultaneous

cognitive dual-task training does not seem to offer greater benefits when compared

to a high intensity functional exercise program based on The Hife Program in

community dwelling older adults.

Keywords: Older people. Aging. Physical Performance. Cognition. Dual-Task.
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ARTIGO NA ÍNTEGRA

Abstract

Background: Aging is a non-pathological process; however, it can be accompanied

by a range of musculoskeletal and cognitive dysfunctions resulting primarily from

modifiable factors, affecting older people's quality of life and independence. Studies

indicate that engaging in physical exercise, motor activities, cognitive challenges, as

well as a combination of these, may have a positive impact on physical performance

and cognitive function in older people.

Design: Randomized controlled trial.

Setting: the study took place at a municipal public health center (Porto Alegre, Rio

Grande do Sul, Brazil).

Subjects: 96 community-dwelling men and women.

Methods: Participants were randomly assigned to either a high-intensity functional

exercise program based on The Hife Program with 50% of physical exercises

associated with a cognitive task (such as addition, subtraction, spelling words,

identifying requested colors and figures, among others) or the same program but

without the cognitive task component. Both groups performed two sessions per

week of group training and progressive strength and balance exercises during a

period of 16 weeks. Questionnaires and physical tests were measured at baseline

and after 16 weeks of intervention.

Results: both groups showed clinically significant improvements on cognition and

physical performance under single and dual-task conditions (P < 0.05). Only the

dual-task training group showed better outcomes regarding cognitive cost when

performing motor tests in dual-task conditions (P < 0.05). No group-by-time

interactions were found except for balance confidence on both intervention groups (P

< 0.05).

Conclusions: the addition of simultaneous cognitive dual-task training does not

seem to offer greater benefits when compared to a high intensity functional exercise

program based on The Hife Program in community dwelling older adults.
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Key points:

● Both a high intensity functional exercise program and the same exercise
associated with cognitive stimulation improved physical and cognitive
performance.

● The addition of cognitive stimulation to a high intensity functional exercise
program did not enhance its benefits.

● Both experimental and control groups had significant improvements in

balance confidence when compared to baseline evaluations. But only the

experimental group experienced a lesser decline in dynamic balance.

● Cognitive function improved in both intervention groups when compared to
baseline assessments.

Introduction

Aging is a natural and multifactorial phenomenon characterized by the

accumulation of degenerative processes, which, in turn, are defined by multiple

alterations and damage to molecular pathways [1]. During this process, declines in

executive functions and basic motor skills, such as postural control, muscle strength,

and balance performance, are observed. Consequently, these factors negatively

affect physical performance and increase the risk of falls in individuals undergoing

this process.

Studies indicate that approximately 28-35% of individuals aged 65 or older

experience falls each year, and this number can increase to 42% in those aged 70 or

older [2]. Fall-related injuries are more common among older adults and are one of

the leading causes of pain, disability, loss of independence, and premature death.

The ability to perform activities of daily living (ADL) and instrumental activities

of daily living (IADL) is dependent upon cognitive (e.g., reasoning, planning), motor

(e.g., balance, dexterity), and perceptual (including sensory) abilities, and the

individual also needs the ability to complete the task (physical and/or cognitive

ability) or to recognize that the task needs to be done without prompting (cognitive

ability) [3]. Physical performance is considered to be predictive of both ADL and/or
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IADL decline [4]. Thus the importance of effectively implementing a physical exercise

program that can beneficially improve both cognitive function and physical

performance in older adults.

A decline in physical performance is associated with both physiological

impairments and psychological aspects, such as the fear of falling, especially in older

individuals with a history of falls. Achieving effective gait, regardless of age, requires

the ability to adapt to overcome environmental factors, reach goals, and also

involves the execution of a cognitive task simultaneously with a motor task. This

interaction can be explored using the dual-task methodology [5] .

Physical quality gains when engaging in physical exercise are related to

improved quality of life, autonomy and independence, enabling older individuals to

engage in daily living and work activities [6], thus having an important role in

maintaining functionality in this population. Also, a balance training intervention can

potentially increase habitual physical activities in community-dwelling older adults

with osteoporosis [7], which is important for the maintenance of independence and

autonomy of older people.

In this study, we will assess the effects of the exercise program with and

without dual tasks on the cognitive cost of performing a motor-cognitive dual-task

test. The cognitive cost of dual-tasks can be used to indicate the percentage

difference between the performance of a single task and the performance of two

tasks performed simultaneously [8]. Studies suggest that the concept of interference

in dual tasks is an important factor to be analyzed. Interference occurs when the

attentional demands of the two tasks exceed the total capacity of attention,

consequently leading to a decrease in performance in one or both tasks compared to

the performance in a single task [9].

Therefore, the assessment of the effects of a dual-task exercise program on

cognitive and physical performance of older people is of paramount importance for

maintaining the functionality of this population, given the high risk of falls among this

population. Hence, the development of an exercise program that establishes positive
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effects on gait parameters, dynamic and static balance, as well as the potential for

interpersonal integration of this population, becomes essential for promoting a higher

quality of life among community-dwelling older individuals.

Methods

Study design and participants

This study was a controlled clinical trial, with a parallel two-arm design.

Participants were randomly allocated into the experimental group (EC) or the control

group (CG) using a computer-generated random number for each participant in the

trial. Our study utilized an intention to treat analysis protocol. All participants of this

study were blindly assigned to both intervention groups. Subjects in both groups

were unable to distinguish between the treatments applied. Measurements

post-intervention were assessed by independent assessors, who were blind to

participant’s conditions. In total, 59.72% and 64.91% of participants concluded all

proposed reavaluations in the EG and CG respectively. All participants provided

written informed consent. The current study was approved by the Ethics Committee

of the involved institutions (CAAE 7359822.9.0000.5345 e 57359822.9.3001.5338)

and was registered at the Brazilian Registry of Clinical Trials (ID: RBR-6pq5f74).

This study was carried out between March 2022 and August 2023. A total of

133 participants were enrolled in this study and 115 met the inclusion criteria (Figure

1). The inclusion criteria were: (1) male or female community-dwelling older adults

who were aged ≥60 years; (2) reside in Porto Alegre; (3) be available to participate in

the program on the established days and times; and (4) Be physically independent.

The exclusion criteria were: (1) physical limitations that made it impossible to

perform the proposed exercises; (2) uncontrolled chronic diseases; and (3)

incapacitating pain.

Sample size was calculated using G*Power and it was estimated at a

minimum of 36 participants (18 in each group), considering the effect size as 1.10,

the α error at a probability of 0.05, and the power at 0.95.
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Figure 1 - Flow diagram of subjects in the study

Intervention

Sessions were conducted in a group setting by eight pre-trained physical therapy

students and took place at a municipal public health center. The sessions lasted for

50 minutes, twice a week, for 16 weeks. All sessions began with a five to

seven-minute warm-up period, followed by physical exercises based on the

High-Intensity Functional Exercise program (HIFE). The program was composed

mostly by balance exercises in combination with standing, walking and lower-limb

strength exercises. A full description of the progression of repetitions, intensity and

types of strength and balance exercises has been previously published [10].

Intensity of the exercises was tailored to each individual's pace, with encouragement
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to progress to higher intensities. Adjustments were made in each session based on

individual responses [10].

Experimental Group

Participants in the experimental group were asked to perform a warm-up period

followed by exercises described in the HIFE program with the addition of cognitive

challenges (such as addition, subtraction, spelling words, identifying requested

colors and figures, among others) applied during the execution of motor tasks in 50%

of the total of exercises practiced. Cognitive dual-task training involved challenges in

inhibitory control, memory, orientation and reasoning, participants were also asked

to perform verbal fluency, addition or subtraction tasks.

Control Group

Participants in the control group were asked to perform a warm-up period followed

by previously described exercises described in the HIFE program [10].

Outcome measures

Physical performance was assessed by the following tests: ABC Scale

(Activities-specific Balance Confidence) questionnaire [11,12], Functional Reach Test

[13], Three-Meter Walk Test (3MWT) [14] under both single-task and dual-task

conditions (Coin Transfer Test - CTT [15] and a Semantic Verbal Fluency Test - SVFT

[16]), and One-minute Sit to Stand Test [17]. Cognitive performance was measured

by the application of the Montreal Cognitive Assessment (MoCA test) [18].

To assess the cognitive-motor interference we utilized the absolute values of

the performance of the primary motor task (3MWT) and the secondary tasks (CTT or

SVFT) individually and when performed simultaneously. The relative values are

calculated based on the following formula [19]:

Motor-cognitive interference = ([dual-task value–single-task

value]/single-task value) × 100%
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Statistical analyses

Data were analyzed using SPSS for WIndows (version 22.0). Descriptive statistics

were used to present participants' profiles and independent T test and Chi-square

analysis were used to compare baseline characteristics. A repeated measure

analysis of variance (ANOVA) was applied to assess the effect of the different

training programs between baseline and after 16 weeks. A significance level of 5%

was adopted.

Results
A total of 96 (EG = 52; CG = 44) subjects participated in the study. There was no

difference in characteristics comparing both experimental and control groups at

baseline (Table 1). The mean age of the sample was 75.3 (SD ± 5.8) and 73.8

(SD±5.8) years to EC and CG, respectively, Women composed 94.2% of total

participants in the experimental group, meanwhile composing 72.7% in the control

group. Session attendance rates were 86.1% (SD ± 10.7%; CI 95% 82.8 - 89.4). for

the control group and 81.9% (SD ± 12.1%; CI95% 78.5 - 85.4) for the experimental

group. There was no significant difference between both groups regarding

attendance in training sessions.

Table 1. Sample characterization

Experimental
Group Control Group
N(%) N(%)

Marital Status
Single 5 (55.6%) 4 (44.4%)
Married/common-law union 21 (50%) 21 (50%)
Divorced 6 (50%) 4 (40%)
Widowed 20 (57.1%) 15 (42.9%)

Education
Incomplete Elementary 19 (59.4%) 13 (40.6%)
Completed Elementary 5 (41.7%) 7 (58.3%)
Incomplete High School 2 (66.7%) 1 (33.3%)
Completed High School 18 (51.4%) 17 (48.6%)
Incomplete Tertiary 2 (33.3%) 4 (66.7%)
Complete Tertiary 6 (75.0%) 2 (25.0%)



9

Experimental
Group Control Group
N(%) N(%)

Marital Status
Single 5 (55.6%) 4 (44.4%)

BMI
Normal (18-25) 23 (53.5%) 20 (46.5%)
Overweight (25-<30) 17 (58.6%) 12 (41.4%)
Obesity 1 (30-<35) 6 (33.3%) 12 (66.7%)
Obesity 2 (35-<40) 5 (100.0%) -

Covid 24 (58.5%) 17 (41.5%)
SAH 33 (55.0%) 27 (45.0%)
DM 13 (58.3%) 10 (41.7%)
HFRF 6 (50.0%) 6 (50.0%)
Tobacco use 1 (12.5%) 7 (87.5%)
Alcoholism 4 (66.7%) 2 (33.3%)
Falls 16 (66.7%) 8 (33.3%)

Note: BMI, body mass index; SAH, systemic arterial hypertension; HFRH, heart failure or respiratory failure.

Table 2. Effects of the 16-week intervention

Experimental group Control Group

Baseline Post Baseline Post

ABC (%) 70.6 ± 17.6 76.4 ±
18.4*

65.2 ± 25.5 80.9 ±
17.1*

FRT (cm) 28.7 ± 6.6 28.1 ± 7.9 29.1 ± 7.5 25.8 ± 8.2

MOCA (points) 20.4 ± 4.4 21.6 ± 4.4 20.5 ± 4.4 21.5 ± 3.8

3MWT (m/s) 1.4 ± 0.4 1.4 ± 0.4 1.4 ± 0.4 1.6 ± 0.4

3MDT+COG
(m/s)

0.9 ± 0.3 0.9 ± 0.3 1.1 ± 0.4 1.1 ± 0.4
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DTE (%) -30.8 ±
21.9

-33.9 ± 18.9 -23.8 ±
27.5

-33.9 ± 19.2

3MDT+MOT
(m/s)

0.9 ± 0.3 1.0 ± 0.3 1.1 ± 0.4 1.1 ± 0.4

DTE (%) -33.0 ±
24.1

-29.5 ± 19.6 -23.3 ±
24.6

-29.6 ± 20.3

60 CST (rep.) 19.4 ± 5.0 20.7 ± 5.0 21.8 ± 5.5 23.3 ± 5.3

Note: ABC, Activities-specific Balance Confidence questionnaire; FRT, Functional Reach Test; MOCA, Montreal Cognitive Assessment Test;

3MWT, Three-Meter Walk Test; 3MDT+COG, Three-Meter Walk Test associated with cognitive dual-task; 3MDT+MOT, Three-Meter Walk Test

associated with motor dual-task; DTE, Dual-task effect; 60 CST, One-minute Sit to Stand Test.

Mixed repeated measure ANOVA demonstrated a significant effect of time on

balance confidence [F (1.94) = 29.6, p > 0.001]. In addition, mixed repeated measure

ANOVA demonstrated a significant interaction of time and intervention group [F

(1.94) = 6.2, p < 0.05]. Post-hoc comparisons indicated that participants of both

groups increased ABC scores following intervention period [HIFE+DT and HIFE (VD

= -5.8, IC95% = -11.1 to -0.5, p < 0.05; MD = -15.7, IC95% = -21.5 to -9.9, p <

0.001), respectively.

After 16 weeks of training, mixed repeated measure ANOVA demonstrated a

significant effect of time on balance [F (1.94) = 6.5, p < 0.05]. No effect was

observed on the interaction of time and intervention group [F (1.94) = 3.0, p > 0.05].

Mixed repeated measure ANOVA demonstrated a significant effect of time on

cognition [F (1.94) = 14.7, p > 0.001]. No effect was observed on the interaction of

time and intervention group [F (1.94) = 0.1, p > 0.05].

Mixed repeated measure ANOVA demonstrated a significant effect of time on gait

speed [F (1.94) = 6.2, p < 0.05]. No effect was observed on the interaction of time

and intervention group [F (1.94) = 3.1, p > 0.05].
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Mixed repeated measure did not demonstrated effects of time on gait following

cognitive [F (1.93) = 1.2, p > 0.05] or motor [F (1.94) = 0.4, p > 0.05] dual-task

situations. Also, no effect was observed on the interaction of time and intervention

group on gait following cognitive [F (1.93) = 0.5, p > 0.05] or motor [F (1.94) = 1.0, p

> 0.05] dual-task situations.

Considering the dual-task effects, mixed repeated measure demonstrated a

significant effect of time [F (1.93) = 5.4, p < 0.05] on cognitive only. No effect was

observed on the interaction of time [F (1.94) = 0.2, p > 0.05] on motor dual task

effect. Mixed repeated measure did not demonstrated effects on the interaction of

time and intervention group of both categories [F (1.93) = 1.5, p > 0.05; F (1.94) =

3.0, p > 0.05] cognitive and motor respectively.

Finally, mixed repeated measure ANOVA demonstrated a significant effect of time on

functional lower extremity strength [F (1.94) = 12.5, p < 0.01]. No effect was

observed on the interaction of time and intervention group [F (1.94) = 0.1, p > 0.05].

Discussion

The purpose of this study was to analyze the effects of a regular

motor-cognitive dual-task exercise program on the physical performance of older

individuals. It also aimed to assess its impact on the cognitive cost associated with

performing a walking task simultaneously with secondary motor or cognitive tasks.

Both a high-intensity functional exercise program based on The Hife Program

and the same program with 50% of physical exercises associated with cognitive

stimulation showed significant improvements in balance confidence, dynamic

balance, cognitive function, gait speed and functional lower extremity strength of

older adults after 16 weeks of intervention.

Our results are in accordance with previous evidence demonstrating that a

progressive resistance strength training is an effective intervention for improving

physical functioning in older people, as it improves strength and the performance of

simple and complex daily activities [20]. In addition, exercise combined with external
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attentional focuses or challenging cognitive tasks have been demonstrated to

improve motor performance in older adults [21].

After the intervention, both groups had significant improvements in The

Activities-specific Balance Confidence (ABC) scale when compared to baseline

evaluations (p > 0.001). More specifically, the total score of balance confidence (%)

was 80.9% and 76.4% in control and experimental groups respectfully. This can be

explained as the activities performed in the experimental group were harder and

more complex when compared to tasks given to the participants in the control

group, thus the participants may have experienced failures in the process of

completing them which could lead to poorer balance confidence and self-efficacy in

performing daily tasks [22]. Functionality and independence in ADLs depend on

mobility, which is related to strength, balance, and gait performance. These gains

can be associated with an increase in balance confidence. Improvement in the

variables above may also explain better confidence scores in both groups.

Different factors contribute to a decline in postural control during the aging

process, such as decreased weighting of proprioceptive information, increased

dependence on visual information, increased coactivation of leg antagonist pairs,

and increased cognitive load to maintain balance [23]. Our study demonstrates that

participants in the experimental group experienced a lesser decline in dynamic

balance, more specifically -2.09% when compared to a -11.34% decline in the

control group. This is corroborated by a meta-analysis that suggested beneficial

effects of dual-task training with variable priority for enhancing postural stability,

especially among older individuals [24]. Our findings are similar to what other

researchers found in a study comparing a balance training program and a

perturbation training program [25], it was showed that components of a perturbation

training (such as ball catching/throwing exercises and foot passing exercises)

improves anticipatory muscular activity and muscle latency contraction in aging

population. The previously mentioned exercises were more emphasized in the

experimental group, thus could explain why its participants experienced a lesser

decline in dynamic balance.



13

The results of the present study suggest that the 16 week intervention not

only can maintain cognitive function but also slightly improve it as demonstrated by

an increase in MOCA scores on both experimental and control groups. This effect is

expected as general physical training has positive outcomes for brain structure and

function and positively impacts cognition, without necessarily targeting one specific

cognitive function [26]. Furthermore, a high intensity training protocol is an effective

training method for acutely increasing peripheral brain-derived neurotrophic factor

levels in adults, and it may effectively increase it in the long term [27]. An increase in

BDNF levels is important as it has neurotrophic, neuroprotective and cognitively

beneficial properties [28].

It is well known that cognitive impairments are expected as aging occurs, such

as disproportional age-related decrease in executive function (responsible for

planning, initiating, sequencing, and monitoring complex goal-directed behavior as

well as controlling complex activIties) [29]. Thus, the maintenance of cognitive

function in older people induced by exercise via increased BDNF-facilitated

neurogenesis and neuroplasticity, improvement in vascular function, reduced stress

and inflammation, and improved insulin sensitivity is a positive result and of

paramount importance in this population [30].

Also it should be noted that the MoCA test is a cognitive screening test and

potentially has a ‘‘ceiling effect’’ in different cognitive domains, which may limit the

observation of gains in domains that already have a maximum score in the pre-test

[31]. Interestingly, no significant difference was obtained between the experimental

and control groups, we suggest that only half of the exercises being prescribed in

dual task fashion may not be enough to demonstrate a more positive effect on

cognitive function when compared to a high-intensity functional exercise program

based on The Hife Program.

Regarding gait speed as assessed by the 3 meter walking test, both groups

demonstrated better results after 16 weeks of training, when compared to baseline

measurements. This is an important finding as gait speed has been well documented

as closely associated with disabilities, frailty, sedentary lifestyle, falls, muscle
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weakness, cognitive impairment, lower quality of life and life satisfaction and high

mortality rates in community-dwelling older individuals [32]. Comparing baseline and

post intervention evaluations, the control group had greater results when compared

to the experimental group, our findings corroborate what a randomized control trial

found in 12 months of a physical and cognitive training program, where the

intervention did not improve gait speed over a multicomponent physical training in

older community-dwelling men and women [33]. In our case a multicomponent

exercise program such as the Hife program can induce greater adaptations to gait

parameters without the increase in complexity of a motor cognitive dual-task physical

exercise program.

Our hypothesis related to superior effects of the experimental group on

physical performance was rejected as it did not demonstrate superior results when

compared to the control group. These results are in accordance with previous ones

that also didn't find differences comparing single task and dual task exercise

programs on physical performance in older adults [34-36]. It's important to consider

that the present study was based in an group-intervention protocol, and that

group-based exercise programs regardless of the intervention could require

additional cognitive demands in executive functions when compared to an individual

training program. Such demands include a greater inhibitory control of attention, and

more specifically, interference control which is crucial to selectively attend a specific

task, focusing on it and suppressing attention to other stimuli [37], like environmental

distractions and external noises in general. Thus, the allocation of cognitive

resources to avoid environment distractors during sessions could, in part, explain

why there was no significant difference between the intervention groups.

Furthermore, considering that The Hife Program protocol include exercises such as

“reaching for an object in various directions”, “throwing and catching a balls”, and

“kicking a ball” and all its varying complexities we could infer that the program is not

composed only by single task exercises but also by motor-motor dual task situations

[10] which may have impacted our results.
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Gait speed while performing a cognitive dual task remained the same after the

16 weeks of intervention on both experimental and control groups, considering that

dual-task performance is the interference of one task due to concurrent performance

of a second task resulting in a pattern of performance deterioration of one or both

tasks [38] and it declines during the aging process, our findings suggest that both a

multicomponent single-task and dual-task training programs can maintain this

important aspect of functionality.

When comparing baseline assessments on gait speed during a simultaneous

motor dual-task, only the experimental group showed a significant benefit, improving

more then 0.05 m/s which is considered functionally meaningful [39].

Additionally, our study showed that the experimental group exhibited

significant intervention benefits on dual task effect during the 3 meter walking test

associated with motor and cognitive dual-tasking when compared to the control

group. Both groups demonstrated a decline on DTE% while performing a cognitive

dual-task, however CG had a 10% decline when compared to a 3% decline in EG.

This is explained as other studies found that reduced dual-task interference was only

observed after dual-task training [40].

Analyzing DTE% while performing a motor dual-task, the present study shows

that the experimental group had a percentage increase of 10.61% whereas there

was a 27.04% percentage decrease in the control group. This difference could be

explained as the dual-task intervention may have exposed participants to more

motor-motor exercises during the training program, thus leading to improved

performance.

After 16 weeks of training, functional lower extremity strength as measured by

the 60CST test improved in both intervention groups, having a 6.70% and a 6.88%

percentage increase in scores post intervention in EG and CG respectively. This is

justified as a The Hife program improves participant’s lower-limb strength, balance,

and mobility in general. Also a high intensity functional exercise program is expected

to improve physical functioning and can be an effective exercise modality to
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counteract declines in functional capacity and sedentary behavior associated with

aging [41].

Although both intervention groups demonstrated similar results on physical

and cognitive performance, the experimental group showed better outcomes

regarding cognitive cost when performing motor tests in dual-task conditions. This

finding is important as completing activities of daily living is associated with our

executive function [42] and consequently our ability to dual task, proving to be

essential for a healthy aging process.

In conclusion, the results of our study confirm that a high intensity functional

exercise program alone or associated cognitive stimulation effectively improves

dynamic balance, functional lower extremity strength, gait speed and cognitive

function community-dwelling older adults. In conclusion, we consider that associating

cognitive stimulation to a high intensity functional exercise program in a

motor-cognitive dual-task fashion does not improve cognition and physical

performance when compared to a high Intensity functional exercise program alone

after 16 weeks of training.

Future considerations

To effectively improve cognitive and motor performance we consider that the

training protocols should include a level of task specificity to promote task related

adaptations, and variable task prioritization of the training tasks [43] whereas in our

study we prioritized a general dual task approach, this type of training aims to

improve the general processing capacity that is crucial in several different tasks and

to achieve this goal, a variety of different task-combinations are used in order to

achieve this ultimate objective [44]. An alternative approach of focusing cognitive

training on specific tasks based on the needs of participants assessed by MOCA

scores domains could prove to be more beneficial.
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APPENDICES

APPENDIX A - COGNITIVE CHALLENGES

The cognitive challenges applied during the execution of motor tasks resemble those

used in the testing phases.

A - Inhibitory control challenge, using the Stroop Color-Word Test method, in

which the participant sees the name of a color written in full, but the text is written in

a different color. Depending on what is requested by the researcher, the participant

must then say the word that is written, the color in which the word is written, or the

initial letter of the word;

B - Verbal fluency and reasoning challenge, in which participants will be

instructed to recite aloud the months of the year or the days of the week in reverse

order (December, November, October, September, August, July, June, May, April,

March, February, January);

C - Orientation challenge, in which a clock-like figure containing the numbers

12, 3, 6, and 9, each in a different color, is placed on the floor, so that the participant

is positioned in the center, facing 12 o'clock. The researcher then recites the colors

of the numbers, or their equivalent times, so that the participant must take a step in

the direction that was instructed (upon hearing the command "12 o'clock," the

participant should take a step forward; upon hearing the command "3 o'clock," the

participant should take a step to the right; upon hearing the command "6 o'clock," the

participant should take a step backward; upon hearing the command "9 o'clock," the

participant should take a step to the left. The researcher can use equivalent

commands, such as "noon" or "six o'clock").

D - Memory challenge, in which the researcher starts, for example, a

shopping list, and each participant must add an item, reciting all the others said

https://doi.org/10.1016/J.ACTPSY.2022.103498
https://doi.org/10.1016/J.ACTPSY.2022.103498
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previously in the correct order, so that with each new participant adding their item,

the list grows longer. For example, the researcher begins by saying: "I went to the

market and bought an apple." Participant 1: "I went to the market and bought an

apple and a banana." Participant 2: "I went to the market and bought an apple, a

banana, and beans"; and so on. The list can be created in various ways, based on

other contexts, such as names of animals (I went to the zoo and saw a...), etc.

E - Addition or subtraction. The participants must mentally and aloud perform

calculations recited by the researcher. They will be asked to add 10 + 3; to subtract

30 - 17; to add 50 + 12; to subtract 38 - 15.

F - Naming objects. During the execution of the exercises, the researcher will

present some everyday objects to the participant, such as a bottle, a pen, a comb, or

a cell phone. The participant must name them.

G - Orientation challenge, in which the researcher will ask the participant to

state the current day of the week, approximate time, month, or year.

The challenges from A to G, as well as their possible variations, will be

associated with strength exercises and applied to Groups 1 and 2. It is important to

emphasize that the level of the challenge requested will respect the participant's

level of education.

ANN EX

ANNEX A



25



26



27



28



29

ANNEX B

Information for Authors

Age and Ageing is an international journal publishing refereed original research,

review articles and editorial pieces on geriatric medicine and clinical gerontology. Its

scope includes applied and clinical research on human ageing and clinical,

epidemiological and psychological aspects of later life, medical education and

service improvement. We place particular emphasis on material which will be of



30

immediate interest to clinicians. We rarely publish analyses of epidemiological

studies where the clinical, health policy or educational implications are not clear. We

do not publish in vitro or animal studies.

The Editor welcomes submissions which follow the Instructions to Authors.

Manuscripts not meeting all of the requirements outlined below cannot be considered

for publication and may be returned to the authors for completion.

The Editor and Publisher reserve the right to reject manuscripts which do not

conform to the policies of Age and Ageing or Oxford University Press. Submissions

may be modified or shortened by the Editor before acceptance for publication.

Age and Ageing is a member of the Committee of Publication Ethics (COPE). In

accordance with the code of conduct we will report any cases of suspected

plagiarism or duplicate publishing. Age and Ageing uses plagiarism detecting

software.

Manuscripts must be submitted electronically via ScholarOne, the journal's online

submission system. Please follow this link to submit your manuscript.

For support and more information please contact the Age and Ageing Editorial

Office. The Editorial Manager is Katy Ladbrook.

E-mail: aa@bgs.org.uk

Authorship

Authorship is limited to those who have made a significant contribution to the design

and execution of the work described. Any contributors whose participation does not

meet the criteria for authorship should be acknowledged but not listed as an author.

The journal may contact all listed authors at the point of submission to confirm their

role. For a detailed definition of authorship, please see the International Committee

of Medical Journal Editors (ICMJE) definitions of authors and contributors.

https://mc.manuscriptcentral.com/ageing
mailto:aa@bgs.org.uk
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html


31

The journal does not allow ghost authorship, where an unnamed author prepares the

article with no credit, or guest/gift authorship, where an author who made little or no

contribution is listed as an author. The journal follows Committee on Publication

Ethics (COPE) guidance on investigating and resolving these cases. For more

information, please see the OUP Publication Ethics page.

Natural language processing tools driven by artificial intelligence (AI) do not qualify

as authors, and the journal will screen for them in author lists. The use of AI (for

example, to help generate content or images, write code, process data, or for

translation) should be disclosed both in cover letters to editors and in the Methods or

Acknowledgements section of manuscripts. Please see the COPE position statement

on Authorship and AI for more details.

After manuscript submission, no authorship changes (including the authorship list,

author order, and who is designated as the corresponding author) should be made

unless there is a substantive reason to do so. The editor and all co-authors must

agree on the change(s), and neither the journal nor the publisher mediates

authorship disputes. If individuals cannot agree on the authorship of a submitted

manuscript, contact the editorial office at aa@bgs.org.uk. The dispute must be

resolved among the individuals and their institution(s) before the manuscript can be

accepted for publication. If an authorship dispute or change arises after a paper is

accepted, contact OUP’s Author Support team. COPE provides guidance for authors

on resolving authorship disputes.

After submission, changing who is designated as the corresponding author will be

permitted only where there is a substantive reason to do so. For the avoidance of

doubt, changing the corresponding author in order to access Read and Publish

funding is not permissible. For more information on Read and Publish funding, see

the Open Access options for authors section.

Useful Resources for Authors

Manuscripts should conform to the Uniform Requirements of the International

Committee of Medical Journal Editors.

https://publicationethics.org/files/u7140/Ghost_0.pdf
https://academic.oup.com/journals/pages/authors/preparing_your_manuscript/ethics#Authorship
https://publicationethics.org/cope-position-statements/ai-author
https://publicationethics.org/cope-position-statements/ai-author
https://publicationethics.org/resources/guidelines-new/how-handle-authorship-disputesa-guide-new-researchers
https://publicationethics.org/resources/guidelines-new/how-handle-authorship-disputesa-guide-new-researchers
https://academic.oup.com/ageing/pages/General_Instructions#Open%20Access%20options%20for%20authors
http://www.icmje.org/
http://www.icmje.org/


32

For reporting of randomised trials, authors are advised to work to the guidelines in

the CONSORT statement.

It is recommended that authors of systematic reviews work to PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analyses) and include the

checklist at the time of submission.

Authors may find it useful to refer to the following methodology resources published

in Age and Ageing:

● Using quality assessment tools to critically appraise ageing research: a guide

for clinicians

● Describing the participants in a study

● Systematic reviews: guidance relevant for studies of older people

● Conducting and reporting trials for older people

● Review of methodologies of cohort studies of older people in

● Review of Diagnostic Test Accuracy (DTA) studies in older people

● Qualitative Research in Age and Ageing: Enhancing Understanding of Ageing,

Health and Illness

● How to present statistics in Medical Journals

Article categories

Clinical Trial:

We want to give authors the opportunity to fully report high quality clinical trials. This

section is available to fully-powered, definitive Randomised Controlled Trials.

Reporting should be in line with CONSORT guidelines. This section is not available

for feasibility or pilot trials or non-randomised studies, which but should be submitted

as standard research papers. Supplementary material, including protocols and

statistical analyses plans, may be submitted, and will be reproduced as submitted,

without copy-editing or typesetting. A CONSORT statement and diagram are

required.

http://www.icmje.org/
https://academic.oup.com/ageing/article/46/3/359/2654237?searchresult=1
https://academic.oup.com/ageing/article/46/3/359/2654237?searchresult=1
https://academic.oup.com/ageing/article/46/4/576/3787761?searchresult=1
https://academic.oup.com/ageing/article/46/5/722/3887244?searchresult=1
https://academic.oup.com/ageing/article/46/6/889/4097570?searchresult=1
https://academic.oup.com/ageing/article/47/2/215/4682598?searchresult=1
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afy023
https://doi.org/10.1093/ageing/afv096
https://doi.org/10.1093/ageing/afv096
https://doi.org/10.1093/ageing/afu015
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5000 words, 50* references, 10 tables/figures, 300-word abstract.

Formatting guidelines

General Points:

● We prefer submission of papers as one integral document – please avoid

sending your table, figures etc as separate files if possible.

● We operate double blind peer review, so your manuscript files must be

anonymous. Please be careful to remove all author details from the document

and from acknowledgements or declarations, which should instead be

included in your Title Page.

● A cover letter is not required to accompany the submission of your journal.

Any queries or specific points for consideration should be communicated with

the Editorial Manager on aa@bgs.org.uk.

● Please remove line and page numbering from your manuscript.

Title Page:

Please upload a title page separately to your anonymous manuscript files. A title

page should include:

● Title of the paper

● Names and institutions of all the contributing authors

● Full address and current email of the Corresponding Author

● Any acknowledgements or declarations (e.g. funding or conflicts of interest),

any other information which is not anonymous, and therefore cannot be

included in the manuscript files.

Key Points and Keywords:

When submitting your manuscript you will be asked to provide 3-5 Keywords and 3-5

Key Points (short sentences which summarise the main message of your paper).

These Key Words and Points are for indexing purposes, to help your paper be more

easily discovered in internet searches. Choosing these Key Words and Points
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carefully can help readers to find your published work. For more information and

advice on how to optimise your paper's search terms, please see this editorial from

Annals of Work Exposures and Health.

Abstracts:

All papers, apart from Clinical Reminders, Letters and Editorials, must include an

abstract. On publication these sections are made freely available online and

therefore are an important opportunity to draw in the reader. Headings might include

background, objective, design, setting, subjects, methods, results, conclusions.

References:

Age and Ageing journal uses the Oxford Journals SCIMED style for references.

Citations can be managed using Zotero and EndNote. This referencing style requires

that references be numbered in order of citation and cited in the text by numbers in

square brackets. They should be listed in the reference list in the form prescribed in

the Uniform Requirements (giving the names and initials of all authors, unless there

are more than six, when the first three should be given, followed by et al.).

Provenance of laboratory and biochemical equipment specifically mentioned in the

text of your paper must also be provided, including full contact details of

manufacturers. Please note that references to Wikipedia pages are not accepted in

the journal.

Illustrations:

Please provide a title for each table or figure. If your paper is accepted you may be

asked to send electronic versions of any illustrations as high-resolution image files.

Degree of magnification should be indicated where necessary. It is the responsibility

of the author(s) to ensure that any requirements of copyright and courtesy are

fulfilled in reproducing illustrations and appropriate acknowledgements included with

the captions.

Third-Party Content in Open Access papers:

https://academic.oup.com/annweh/article/55/6/563/176017/Get-Your-Work-Noticed-How-Authors-Can-Help-Readers?searchresult=1
https://academic.oup.com/annweh/article/55/6/563/176017/Get-Your-Work-Noticed-How-Authors-Can-Help-Readers?searchresult=1
https://academic.oup.com/ejcts/
https://www.zotero.org/styles?q=oxford
https://endnote.com/style_download/evolution-medicine-and-public-health/
http://www.icmje.org/
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If you will be publishing your paper under an Open Access licence but it contains

material for which you do not have Open Access re-use permissions, please state

this clearly by supplying the following credit line alongside the material:

Title of content

Author, Original publication, year of original publication, by permission of [rights

holder]

This image/content is not covered by the terms of the Creative Commons licence of

this publication. For permission to reuse, please contact the rights holder.

Abbreviations:

Please ensure all abbreviations or acronyms are defined at first usage, scientific

measurements are in SI units, and approved names are used for drugs. Please try to

avoid abbreviations wherever possible. In particular, avoid using them in the title and

abstract. If abbreviations are essential, ensure that they are defined at first usage.

Language:

Try to avoid language that might be deemed unacceptable or inappropriate (e.g.

'older people' is preferred to 'the elderly', the word 'senile' is best avoided). Take care

with wording that might cause offence to ethnic or cultural groups.

Language editing:

If your first language is not English, you may wish to have your paper professionally

edited. This will ensure that the academic content of your paper is fully understood

by journal editors and reviewers. Language editing is optional and does not

guarantee that your manuscript will be accepted for publication. Further information

on this service. Several specialist language editing companies offer similar services

and you can also use any of these. Authors are liable for all costs associated with

such services.

http://academic.oup.com/journals/pages/authors/language_services
http://academic.oup.com/journals/pages/authors/language_services
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Supplementary data

Where the author wishes to exceed the size limit or present large tables or figures

we may be able to accommodate additional information on our web site as

Supplementary Data. This should be referenced in the paper as Appendices. The

material should not be essential to understanding the conclusions of the paper, but

should contain data that is additional or complementary and directly relevant to the

article content. Supplementary data may or may not be peer-reviewed.

Supplementary references:

If, for example the limit for your manuscript is 30 references and you have exceeded

this, please select the 30 most important references for the main reference list.

Create an appendix for the full list of references which will be published as part of the

supplementary data. Do not change the numbering of your references, just produce

a shorter list of 30 for inclusion in the manuscript. The published version of your

article will include a link from the main reference list to the full reference list appendix

on the journal website.

Supplementary tables or figures:

If, for example the limit for your manuscript is 5 tables or figures, select the 5 most

important and assign the rest as supplementary data. You should reference each of

the omitted tables/figures as appendices. For very large tables or figures you should

consider submitting an executive or summary version for the main manuscript, and

the full version as Supplementary Data.

Supplementary text:

If you are required to edit down the length of your paper, you may want to select

sections of text to be Supplementary Data. These sections (for example,

methodology) will be removed from the main body of the manuscript and should be

referenced as appendices.
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Please combine all items of supplementary data into a single PDF document. The

supplementary data file should be headed with the title of the main article. Each item

of supplementary data should be designated as a numbered appendix. If there are

more than two items please include a page of contents. Self-contained references

within the supplementary data should be listed for each appendix. Be aware that if

accepted the supplementary data will not be edited for style and will be published

online as additional information presented in the format in which it was submitted.

Availability of Data and Materials

Where ethically feasible, Age and Ageing strongly encourages authors to make all

data and software code on which the conclusions of the paper rely available to

readers. We suggest that data be presented in the main manuscript or additional

supporting files, or deposited in a public repository whenever possible. For

information on general repositories for all data types, and a list of recommended

repositories by subject area, please see Choosing where to archive your data.

Research Data Policy

OUP is a signatory to the Center for Open Science's Transparency and Openness

Promotion (TOP) Guidelines which served as a framework for our overall data policy

approach, as well as the policies implemented by individual titles. For more details

see the Research Data Policy page.

Data and software citation

With OUP, Age and Ageing supports the Force 11 Data Citation Principles and the

recommendations of the FORCE11 Software Citation Implementation Group. When

data and software underlying the research article are available in an online source,

authors should include a full citation in their reference list.

For details of the minimum information to be included in data and software citations

see the guidance on Citing research data and software.

https://academic.oup.com/journals/pages/authors/preparing_your_manuscript/research-data-policy#choosing
https://cos.io/top/
https://cos.io/top/
https://academic.oup.com/journals/pages/authors/preparing_your_manuscript/research-data-policy
https://www.force11.org/group/joint-declaration-data-citation-principles-final
https://f1000research.com/articles/9-1257/v2
https://academic.oup.com/pages/open-research/research-data#Citing%20research%20data%20and%20software
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Preprint policy

Authors retain the right to make an Author’s Original Version (preprint) available

through various channels, and this does not prevent submission to the journal. For

further information see our Online Licensing, Copyright and Permissions policies. If

accepted, the authors are required to update the status of any preprint, including

your published paper’s DOI, as described on our Author Self-Archiving policy page.

Articles accepted for publication

Author Statements:

Whatever section your submission belongs to, it will be subject to certain legal and

ethical publication requirements including:

● Author consent

● Duplicate publishing

● Patient/ research participant consent

● Conflicts of interest

● Declaration of sources of funding

● Ethics committee approval

● Clinical trial registration

Submissions not meeting all of the requirements cannot be considered for

publication and may be returned to the authors for completion.

At the point of acceptance, all authors will be asked to give signed consent to

publication, to confirm that they have approved the final version and have made all

required statements and declarations. For reference, a copy of the Authors'

Statement form can be downloaded. Accepted manuscripts will not be able to

proceed to publication until signed statements from all authors have been received.

Patient / Proxy Consent:

https://academic.oup.com/journals/pages/authors/authors_faqs/online_licensing
https://academic.oup.com/journals/pages/self_archiving_policy_b
https://static.primary.prod.gcms.the-infra.com/static/site/ageing/document/AuthorStatements.docx?node=0ca244e8cc98e3c183b1&version=438977:dbeaae914a90ff2b62a2
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All Case Reports and Clinical Reminders require the patient's consent for publication

in Age and Ageing journal and website. Please refer to this Model Consent Form

which represents key principales of consent which we expect you to have obtained.

The author is responsible for obtaining written consent and saving a copy to the

patient's case files. Do not send copies to us or upload with your manuscript files.

Case Reports and Clinical Reminders must include a statement that “Written

informed consent for publication of their clinical details and/or clinical images was

obtained from the patient/proxy”.

Declaration of Sources of Funding:

All sources of funding must be disclosed at the end of the Methods section or, if

there is no Methods section, as an acknowledgement at the end of the text, under

the heading ‘Declaration of Sources of Funding'. Authors must also describe what

role their financial sponsors played in the design, execution, analysis and

interpretation of data, or writing of the study. If they played no role the authors should

state this.

The following rules should be followed:

● The sentence should begin: ‘This work was supported by …'

● The full official funding agency name should be given, i.e. ‘National Institutes

of Health', not ‘NIH' (full RIN-approved list of UK funding agencies) Grant

numbers should be given in brackets as follows: ‘[grant number xxxx]'

● Multiple grant numbers should be separated by a comma as follows: ‘[grant

numbers xxxx, yyyy]'

● Agencies should be separated by a semi-colon (plus ‘and' before the last

funding agency)

● Where individuals need to be specified for certain sources of funding the

following text should be added after the relevant agency or grant number 'to

[author initials]'

Crossref Funding Data Registry:

https://static.primary.prod.gcms.the-infra.com/static/site/ageing/document/ConsentForm.docx?node=f6a1d995f3dc60ccf4d2&version=601184:1680b0e0e2589868aafc
http://www.rin.ac.uk/system/files/attachments/List-of-major-UK-research-funders.pdf
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In order to meet your funding requirements authors are required to name their

funding sources, or state if there are none, during the submission process. For

further information on this process or to find out more about the CHORUS initiative

please click .

Proofs:

Proofs are sent to authors for the correction of printer's errors only. Authors making

extensive alterations will be required to bear resulting costs.

Licence to publish:

It is a condition of publication in the journal that authors assign copyright to the

British Geriatrics Society. This ensures that requests from third parties to reproduce

articles are handled efficiently and consistently and will also allow the article to be as

widely disseminated as possible. In assigning licence, authors may use their own

material in other publications provided that the journal is acknowledged as the

original place of publication, and Oxford University Press is notified in writing and in

advance.

Upon receipt of accepted manuscripts at Oxford Journals authors will be invited to

complete an online copyright licence to publish form.

Please note that by submitting an article for publication you confirm that you are the

corresponding/submitting author and that Oxford University Press ("OUP") may

retain your email address for the purpose of communicating with you about the

article. You agree to notify OUP immediately if your details change. If your article is

accepted for publication OUP will contact you using the email address you have

used in the registration process. Please note that OUP does not retain copies of

rejected articles.

An example is given here: ‘This work was supported by the National Institutes of

Health [AA123456 to C.S., BB765432 to M.H.]; and the Alcohol & Education

Research Council [hfygr667789].'
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Oxford Journals will deposit all NIH-funded articles in PubMed Central. See

Depositing articles in repositories – information for authors for details. Authors must

ensure that manuscripts are clearly indicated as NIH-funded using the guidelines

above.

Open Access options for authors

Age and Ageing offers the option of publishing under either a standard licence or an

open access licence. Please note that some funders require open access publication

as a condition of funding. If you are unsure whether you are required to publish open

access, please do clarify any such requirements with your funder or institution.

Should you wish to publish your article open access, you should select your choice

of open access licence in our online system after your article has been accepted for

publication. You will need to pay an open access charge to publish under an open

access licence.

Details of the open access licences and open access charges.

OUP has a growing number of Read and Publish agreements with institutions and

consortia which provide funding for open access publishing. This means authors

from participating institutions can publish open access, and the institution may pay

the charge. Find out if your institution is participating.

Disseminating your article

Age and Ageing and the British Geriatrics Society will be using traditional and social

media to maximise the impact of your article. If you are planning any promotions we

would be pleased to be included or to collaborate on a joint activity.

This author resource suggests additional ways to share and disseminate your work

using repositories, archives and scholarly sharing to make it discoverable to a wider

audience. We want to increase the exposure and overall impact of your work and

hope you will consider some of these dissemination activities.

https://academic.oup.com/journals/pages/authors
https://academic.oup.com/journals/pages/authors
https://academic.oup.com/journals/pages/open_access/charges
https://academic.oup.com/journals/pages/authors/production_and_publication/publication-charges/read-and-publish-agreements/participating-journals-and-institutions
https://static.primary.prod.gcms.the-infra.com/static/site/ageing/document/DisseminateYourArticle.docx?node=ade8efa90146c2387713&version=464381:b932cb94b00276d96c95
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