Original article

Does mental fatigue pose a risk in older age? The effectiveness of
combined training as a solution

Jesus Diaz-Garcia'?, Christopher Ring3, Ana Rubio-Morales*, Tomas Garcia-Calvo*

'Department of Psychology. University G dAnnunzio. Chieti-Pescara. Italy. ?BIND-Behavioural Imaging Neural Dynamics Centre. University G d’Annunzio. Chieti-Pescara. ltaly.
3School of Sport, Exercise and Rehabilitation Sciences. University of Birmingham. Birmingham. UK. *Faculty of Sport Sciences. University of Extremadura. Caceres. Spain.

doi: 10.18176/archmeddeporte.00186

Received: 31/10/2024
Accepted: 30/11/2024

Key words:
Visual analogue scale. Cognitive
disfunction. Brain. Cognition. Aging.

Palabras clave:

Escala visual analogica. Disfuncion
cognitiva. Cerebro. Cognicion.
Envejecimiento.

Summary

Introduction: Mental fatigue, caused by cognitive/emotional efforts that are inherent to daily life activities, impairs perfor-
mance and predisposes people to health problems. Although older people may be more vulnerable to mental fatigue, there
are many gaps in the literature.

Objectives: This study aimed to clarify the effects of mental fatigue in ageing, to test the moderating role of cognitive decline
and Brain Endurance Training for its prevention in ageing. Thirty people aged 65 to 76 years (17 women, 13 men), sedentary
but without severe physical or mental illness, participated in the study.

Material and method: Based on their results in the Mini-Mental State Examination, and normative scores, they were divided
into 2 groups: Low Cognitive Impairment (> 25 points) and Medium (< 24 and > 21). Subsequently, 2 sessions were conduc-
ted in counterbalanced order, where physical (Chair-stand test, Arm-curl test, Walking test, RPE) and cognitive (Psychomotor
Vigilance Test and Incongruent Stroop) performance, and mental fatigue (Visual Analogue Scale) were measured, after 20 min.
of documentary (control condition, rest) or Time Load Dual Back (experimental condition, mental fatigue). Then, a 2-month
intervention (3 trainings/week) with Brain Endurance Training was performed on 12 subjects (7 women, 5 men) with medium
cognitive impairment.

Results: The results show that mental fatigue worsens performance and increases health risks, especially in people with cog-
nitive impairment. Brain Endurance Training appears to be effective in counteracting the effects of mental fatigue in ageing.
Conclusions: To conclude, mental fatigue has clinical considerations in ageing. Then, it is recommended to quantify it and
promote active ageing for its prevention/mitigation.

:Supone la fatiga mental un riesgo en el envejecimiento? Efectividad del
entrenamiento combinado como solucién

Resumen

Introduccion: L a fatiga mental, causada por esfuerzos cognitivos/emocionales inherentes a las actividades cotidianas, afecta
al rendimiento y predispone a la poblacién a sufrir problemas de salud. Pese a que las personas mayores podrian ser mas
vulnerables a la fatiga mental, existen muchas lagunas de conocimiento sobre ello.

Objetivos: Este estudio pretendia clarificar los efectos de la fatiga mental en el envejecimiento, testar el rol moderador del
deterioro cognitivo y el Brain Endurance Training para su prevencion en el envejecimiento.

Material y método: Participaron 30 personas de 65 a 76 afios (17 mujeres, 13 hombres), sedentarias pero sin limitaciones
fisicas o mentales graves. Utilizando sus resultados en el Mini-Mental State Examination, y en base a puntuaciones normativas
se les dividié en 2 grupos: Deterioro Cognitivo Bajo (= 25 puntos) y Medio (< 24y > 21). Posteriormente, se realizaron 2 se-
siones en orden contrabalanceado, donde se registré el rendimiento fisico (Chair-stand test, Arm-curl test, Walking test, RPE) y
cognitivo (Psychomotor Vigilance Test e Incongruent Stroop) y se midié la fatiga mental (Visual Analogue Scale), después de 20
min. de visionado de documental (condicion control, reposo) o Time Load Dual Back (condicion experimental, fatiga mental).
Entonces, se realizd una intervencion de 2 meses (3 entrenamientos/semana) con Brain Endurance Training en 12 sujetos (7
mujeres, 5 hombres) con deterioro cognitivo medio.

Resultados: Los resultados muestran que la fatiga mental empeora el rendimiento e incrementa los riesgos de salud, espe-
cialmente en personas con deterioro cognitivo. El Brain Endurance Training parece efectivo para contrarrestar los efectos de
la fatiga mental en el envejecimiento.

Conclusiones: Para concluir, la fatiga mental tiene consideraciones clinicas en el envejecimiento. Se recomienda cuantificarla
y promover el envejecimiento activo para su prevencion/mitigacion.
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Introduction

The COVID-19 pandemic definitively highlighted the importance of
mental issues in human health, especially among the older population’.
Within the field of mental health, researchers have shown a growing
interest in mental fatigue. This is defined as a psychobiological state
caused by cognitive and emotional exertion inherent to day-to-day
activities leading to symptoms that are harmful to health?. Those
symptoms include an increase in the feelings that come with fatigue,
which lowers any intention to engage in any kind of exertion or activity
and predisposes the individual to sedentary lifestyles®*, and an acute
worsening of physical** and cognitive6 performance, which increases
the risk of a fall or accidents, among other things’2. To date, the study of
mental fatigue has nonetheless been focused on the young population,
healthy and athletic adults® This study intends to produce information
about the impact from mental fatigue on in older age, as well as new
prevention and mitigation strategies.

Mental fatigability is an innovative approach in the analysis of
fatigue, examining both the level of mental fatigue induced and its
impact on performance from a specific stimulus and between different
subjects’™. Those subjects who show higher levels of mental fatigue or
whose performance is more heavily impacted by a certain cognitive
effort (e.g. 30 minutes of incongruent Stroop) are shown to present
higher levels of fatigability than others, which has been linked to a higher
rate of decline and risk of suffering health problems'". Evidence reveals
that mental fatigability increases with age, as older people show higher
levels of mental fatigue from a certain cognitive effort than younger
subjects and healthy adults'? and, furthermore, their performance is
more heavily impacted by the effect of mental fatigue than younger
subjects and athletes (e.g. mental fatigue affects walking performance
in older age but not in young healthy adults)". The cognitive decline
associated with ageing has been proposed as a possible moderator of
increased fatigability in older age. However, confirmation of this is still
required despite this information seeming key to finding solutions to
fatigability in older adults as a health risk.

Given the negative impact that fatigue and mental fatigability have
on performance and health, it does not seem surprising that authors
have become interested in studying possible countermeasures to
mental fatigue and fatigability. In the short term, caffeine or extrinsic
motivation (e.g. performance-based economic recompense) seem to
help counteract the effects on performance from acute mental fatigue'.
Inthe long term, evidence shows that physical, cognitive and combined
training programmes serve to reduce fatigability, with combined trai-
ning reporting the best results''¢. Although the findings on combined
training are promising, there is still a need for more evidence on its
effectiveness in older age.

Hence, this study has two objectives. The first is to test the impact of
mental fatigue on health in sedentary older age, as well as to clarify the
role of cognitive decline in the level of fatigability. The second objective
is to test the effectiveness of Brain Endurance Training, a specific com-

bined training method, on improving mental fatigability and reducing
the severity of the effects of mental fatigue on performance in older age.

Material and Method

Participants

A total of 30 people over the age of 65 years (17 women, 13 men;
range 65-76) took part in the study. The participants reported that they
did not engage in any regular physical activity. The criteria for exclusion
were the presence of diseases or physical or mental health conditions
that would prevent them from performing cognitive tasks and exercises.
The participants were informed of the study objectives and procedures
in advance, and they all signed an Informed Consent form.

Instruments

Visual Analogue Scale

The Visual Analogue Scale was used to quantify subjective percep-
tion of mental fatigue by the participants. This test consists of recording
answers from the subjects to the following question: How would you
quantify your level of mental fatigue right now from 0 (minimum) to 10
(maximum)? This test is one of the most commonly used in the field of
mental fatigue and has been reported as the most sensitive for detecting
changes in acute mental fatigue among participants'.

Chair-stand test

The number of repetitions completed in 30 seconds of the Chair-
Stand test'® was used to measure lower body muscle endurance. This
test consists of participants sitting in a chair with their arms crossed
across their chest and their hands on their shoulders then being asked
to stand up and sit down as many times as they can in 30 seconds.

Arm-curl test

The number of repetitions completed in 30 seconds of the Arm-
curl test' was used to measure upper body muscle endurance. This test
consists of participants sitting in a chair while holding a 1 kg dumbbell in
theirdominant hand and then being asked to bend their elbow to touch
their shoulder and slowly lower the dumbbell back to its initial position.
This action was repeated as many times as possible in 30 seconds. Each
complete movement was counted as a successful repetition.

Walking test

The six-minute walking test?* was used to evaluate aerobic exercise
capacity. The participants walked back and forth along a flat 30-metre
hallway for as many metres as possible in six minutes. The distance (m)
travelled was recorded.

Ratio Perceived Effort

Al finalizar la prueba de caminar de 6 min.,, los participantes pro-
porcionaron el Ratio of Perceived Effort, su percepcion de esfuerzo fisico
a causa de la tarea en una escala de 0 (minimo) a 10 (méximo)?'.
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Psychomotor Vigilante Task

The Psychomotor Vigilance Task (PVT-B) was used as a psychomotor
reaction test to evaluate simple reaction time? using a smartphone app
(PVT Research Tool, Texas A&M University). Participants were asked to
touch the smartphone screen as quickly as possible after a visual stimu-
lus appeared (i.e. a red circle) in the centre of the screen. The duration
of the stimulus was random and varied between 1 and 4 seconds. If
they touched the screen before the stimulus appeared, a “false start”
message would appear. Performance was measured as the average
reaction time (ms).

Incongruent Stroop

The 45-second incongruent Stroop test was used to analyse res-
ponse inhibition, an executive function. The test was conducted using
a specific smartphone app (UMH-MEMTRAIN, Elche, Spain). The name
of a colour would appear written on the screen (green, yellow, red or
blue) in a different colour to what the word said. Participants recorded a
correct response when they clicked on the option indicating the colour
used to write the word, not what the what said. If the participant made
a mistake, the next word would not appear on the screen until they
clicked the correct answer. Performance was measured by the number
of correct answers in 45 seconds.

Procedure

The study received approval from the Bioethics Committee of
the university of the lead author (protocol number: 227/2024). In the
first visit to the laboratory, the participants completed a familiarisation
session in which the objective of the study was explained to them,
they signed the Informed Consent form, the content of the tests was
explained to them and, finally, they completed the Mini-Mental State
Evaluation (MMSE), a test used to determine cognitive deterioration
in the population. Two groups were created based on the normative
scores from this test: A group with low cognitive deterioration (scores
>25 points in the MMSE; n = 12 subjects; 7 women, 5 men) and a group
with medium cognitive deterioration (scores >21 and <24 in the MMSE;
n = 18 subjects; 10 women, 8 men). The subjects then returned to the
laboratory on another two occasions to fulfil control or experimental
roles. At both sessions, performance was quantified (in this order) in the
following tests: Visual Analogue Scale, Chair-stand test, Arm-curl test,
Walking test, RPE, PVT and Incongruent Stroop. Before completing the
tests, the participants watched 20 minutes of a neutral documentary
(at rest, control condition) or completed 20 minutes of Time Load Dual
Back (TLDB; mental fatigue, experimental condition), a cognitive task
with evidence of inducing mental fatigue in subjects®. To prevent
the learning effect from contaminating the results, the sessions took
place in a counterbalanced random order. Using a computer program,
50% of the subjects were randomly assigned to complete the control
session first and then the experimental session. Meanwhile, the other
50% completed the sessions in reverse order. All the sessions took place
at the same time of day (in the morning) and the subjects were asked

to avoid any exhausting exercise and alcohol consumption during the
48 hours prior to the measurements. They were also asked to avoid
any drastic changes to their caffeine ingestion routines or sleep pat-
terns. Subsequently, we asked all the subjects to participate in a Brain
Endurance Training intervention study, which is a combined training
method. 12 subjects agreed to do so (7 women, 5 men), all from the
group with medium cognitive deterioration. These subjects took part
in a two-month intervention study (8 weeks) in which they completed
three in-person sessions (i.e.in the laboratory) per week over the course
of eight weeks. The training sessions lasted 55 minutes and consisted
of: 1. General Warm-Up (5 min.); 2. Strength exercises (e.g. Chair-Stand,
adapted sit-up, Arm-Curl; 10 min.); 3. Aerobic exercise (e.g. Walking,
Indoor bicycle; 10 min.); 4. Cognitive exercises (e.g. Incongruent Stroop,
TLDB; 15 min.), 5. Combined exercises (e.g. Series of 30 metres walking
+ 1 min. de Stroop; 10 min.), 6. Cool-down (e.g. stretching; 5 min.). In
these subjects, performance from the VAS, Chair-stand test, Arm-curl
test, Walking test, RPE, PVT and Incongruent Stroop tests was measured
at rest and after 20 minutes of TLDB in week 0 (before starting the inter-
vention) and in week 8 (after completing the intervention).

Statistical Methods

A series of mixed factorial ANOVAs was used for the primary objec-
tive of the study, using the group (low cognitive deterioration, medium
cognitive deterioration) as the factor between participants and using the
state of fatigue (rest, mental fatigue) as factors within the participants
during the measurement of mental fatigue, physical performance and
cognitive performance. A series of mixed factorial ANOVAs was used for
the secondary objective of the study, using the state of fatigue (rest,
mental fatigue) and the moment of the intervention (week 0, week 8)
as factors within the participants during the measurement of mental
fatigue, physical performance and cognitive performance. We reported
on the multivariate solution so as to minimise the risk of violating the
assumptions of sphericity and compound symmetry in the ANOVA
designs. Partial eta squared (n2p) was used to measure the effect size,
with values of 0.02, 0.13 and 0.26 indicating small, medium and large
effect sizes, respectively. The level of significance was set at P <0.05.The
analyses were performed using the Statistical Package for the Social
Sciences (SPSS) program (IBM, United States).

Results

Figure 1 shows the performance obtained by the participants in
the Chair-stand test, Arm-curl test and Walking test, both under rest
conditions (control) and under mental fatigue conditions (experimental),
and based on the group to which they were assigned. The results show
that mental fatigue worsens aerobic physical performance (P <0.001; n2p
>0.80 for both groups) and upper body muscular endurance (P<0.0071;
n2p >0.74 for both groups) and lower body muscular endurance
(P <0.001; n2p >0.69 for both groups) in the two groups. However,
significant differences were observed in the effects from mental fatigue
on performance in these tests between the different cognitive deterio-

Arch Med Deporte 2024;41(6):287-294 289



Jesus Diaz-Garcia, et al.

Figure 1. Effects of mental fatigue on physical performance

between cognitive deterioration groups.
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Figure 2. Effects of mental fatigue on cognitive performance between cognitive deterioration groups.
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In terms of the first objective, the results show that mental fatigue
worsens physical and cognitive performance in older age and that cog-
nitive decline plays a moderating role in fatigability and the severity of
the effects from mental fatigue in older age. Although true that mental
fatigue worsens physical and cognitive performance in both groups
of older participants, it can be seen that the level of mental fatigue
induced in the group with moderate cognitive decline by 20 minutes
of TLDB is higher than in the group with low cognitive decline, while
the worsening of performance associated with mental fatigue is also
greater in this group. Previous studies have provided evidence to show
that mental fatigue worsened physical***and cognitive? performance
in older people, increasing their health risks. However, this is the first
study to clarify that the worsening of performance or cognitive decline

caused by ageing is tied to the phenomenon in which people suffer
fatigue more easily in older age and suffer the effects of mental fatigue
on performance with greater severity. Hence, the results indicate that the
same cognitive effort (i.e, 20 minutes of TLDB) is more demanding for
an older person the lower their cognitive performance is and, therefore,
the level of mental fatigue induced is higher and causes more severe
consequences on physical and cognitive performance. This affirmation
places a focus on the cognitive performance of older people for totally
or partially solving the issue of mental fatigue in older age. In terms of
the negative impact of mental fatigue on physical performance, the
evidence shows that mental fatigue does not induce changes in the
cardiovascular or metabolic systems; the systems that traditionally limit
physical performance?®. It seems that mental fatigue is caused by an
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Figure 3. Effectiveness of BET for mitigating the effects of men-
tal fatigue on physical performance.
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Endurance Training that is as effective as possible for this population.
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Figure 4. Effectiveness of BET for mitigating the effects of mental fatigue on cognitive performance.
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Limitations, strengths and future prospects

Although the information presented in this study seems highly
useful for both improving our understanding of fatigability moderators
and facilitating the prevention of effects from mental fatigue in older age
and mitigating healthcare costs, researchers should be cautious when
generalising the findings from this study given that certain limitations
in it should be highlighted. First of all, the study was conducted on a
very specific sample and the size of that sample was relatively small.
Although it must be stressed that conducting intervention studies and
recruiting elderly participants for research studies is not easy, it must also
be said that future studies should try to replicate the findings in larger

samples that also enable inferences to be made based on gender and
other characteristics (e.g. patients with different pathologies). We also
recommend replicating the studies in persons with other pathologies,
such as cardiovascular conditions or diabetes, in whom fatigue is also
prevalent. Secondly, the Brain Endurance Training programme that was
used is a relatively standard programme within this field. Although the
merit of the authors should be highlighted given the difficulty to be had
in getting a sample of elderly sedentary subjects to accept involvement
in a two-month training programme, future studies should compare
different types of training within this programme (e.g., more or fewer
days of training, longer or shorter programmes, etc.). Thirdly, mental
fatigue was assessed using a subjective scale. Future studies should try to
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include otherinstruments, such as electroencephalography helmets or
heart rate variability, to clarify the physiological mechanisms underlying
the fatigue and mental fatigability, as well as the physiological adapta-
tions caused by Brain Endurance Training.

Conclusions

This study sought to clarify the impact of mental fatigue on
performance and health in older age, the role of cognitive decline in
mental fatigability and the severity of the impact from mental fatigue
on performance in older age, as well as to check the effectiveness of
Brain Endurance Training to prevent and mitigate mental fatigue in older
age. The results from the study confirm that mental fatigue worsens
performance in older age and predisposes older people to suffering
from health problems. The study also confirms that those subjects with
greater cognitive deterioration present higher levels of fatigability; in
other words, higher levels of mental fatigue from the same cognitive
stimulus, and increased severity in the impact from mental fatigue on
physical and cognitive performance. Cognitive performance is therefore
shown to be a moderator in mental fatigability. The study also shows that
Brain Endurance Training is an effective training method for improving
cognitive performance, reducing mental fatigability and the severity of
effects from mental fatigue on performance in sedentary subjects who
show symptoms of moderate cognitive decline in older age.
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