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Resumo

Introducio: A fadiga é um sintoma descrito como falta de energia e exaustao podendo ser
fisica ou cognitiva. Atualmente, a sua medicao depende exclusivamente de escalas de
percecao subjetiva. A estimulacdo transcraniana magnética e o protocolo de estimulacao
theta burst continua (cTBS) surge como um método nao invasivo usado para explorar e
modular funcdes cerebrais e o processamento cognitivo. Assim, esta investigacdo tem como
objetivo o estudo e quantificaciao de distintos parametros biologicos que possam associar-

se a fadiga e avaliar os diferentes efeitos que a ¢cTBS tém em individuos fatigados.

Materiais e métodos: Realizou-se um estudo “crossover” em voluntarios saudaveis —
amostra com 7 voluntarios (6 individuos do sexo feminino e 1 do sexo masculino); no teste
A procedeu-se a realizacao de exercicio aerobio moderado e reducao do sono em 20% do
tempo habitual e no teste B nao se procedeu a alteracoes do estilo de vida. A fadiga foi
avaliada através da escala de Chalder e foram realizados: o teste de fluéncia verbal, teste de
reacao visual, medicao da oximetria cerebral e avaliacao de potenciais evocados cognitivos
(P300), em ambos os testes, antes e ap0s a aplicaciao da cTBS. Procedeu-se um follow-up de
4 semanas da percecao de fadiga, com a escala de Chalder. Para a anélise estatistica
recorreu-se ao teste de Friedman e, quando significativo a 5%, as comparacoes aos pares
foram obtidas com o teste de Dunn com correcdo de Bonferroni. As correlacoes foram

medidas usando o coeficiente de correlagio de Spearman.

Resultados: Como esperado, no teste A, os voluntarios foram considerados fatigados de
acordo com a escala de Chalder, mas no teste B nao; contudo a diferenca nao foi
estatisticamente significativa. No teste de fluéncia verbal, ambos os grupos A e B mostraram
melhor performance depois da ¢TBS, sem diferenca significativa entre ambos. A ¢TBS
originou a lentificacao da laténcia do P300, potencialmente de forma mais pronunciada no

grupo do teste A.

Conclusao: Apesar de uma possivel diferenca entre os grupos A e B nos resultados do
P300 apds cTBS associada ao grupo fatigado, esta nao foi significativa. Assim, no presente
estudo nao foi possivel concluir que a fadiga pode ser medida de forma objetiva. Varios

fatores limitantes, nomeadamente o nimero de sujeitos, podem ter contribuido para isso.

ix
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Resumo alargado

Introducao

A fadiga é um sintoma descrito como falta de energia e cansaco e esta associado a
incapacidade de realizar atividades do quotidiano e pode ser cognitiva, fisica ou mista. A
fadiga fisica pode ocorrer devido a disfuncao na geracao de forca. Ja a fadiga cognitiva pode

ser definida pela diminuicao da capacidade cognitiva devido a demanda mental sustida.

A fadiga esta relacionada com inimeras patologias e é uma fonte importante de erros
potencialmente graves na execucao de tarefas moderadamente complexas. Por exemplo, de
acordo com a NASA, 21% dos acidentes de aviagdo sdo relacionados com a fadiga. Ja no

campo da saude, 61% dos médicos e 80% das enfermeiras reportam burnout.

Atualmente, a medicao dos niveis de fadiga depende exclusivamente de escalas de percecao
subjetiva. Um dos objetivos desta investigacdo passa pelo estudo e quantificacdo de
distintos parametros biol6gicos que se possam associar a mesma, como por exemplo o teste

de fluéncia verbal, a oximetria cerebral e o teste de reacao visual.

Ja a estimulacdo magnética transcraniana surge como um método nao invasivo usado para
explorar e modular fungoes cerebrais, e o protocolo de estimulacao theta burst continua,
utilizado no presente estudo, permite avaliar os diferentes efeitos que a mesma tém em

individuos nao fatigados versus fatigados.

Métodos

Realizou-se um estudo “crossover” em voluntarios saudiveis — amostra com 7 voluntarios
(6 individuos do sexo feminino e 1 do sexo masculino). Foram excluidos individuos com
elementos metalicos no cranio, com epilepsia, com diversas patologias do sistema nervoso,
cardiacas, respiratorias e / ou psiquiatricas, neurocirurgia prévia, gravidez, medicacao que
diminua o limiar convulsivo, alcoolismo, uso de drogas ilicitas. Foram também excluidos
individuos com mais de 30 anos ou menos de 18 anos, individuos nao destros, e individuos
que nao durmam entre 6-11 horas em média por dia, ou que pratiquem mais do que 300

minutes de exercicio aerobio por semana ou mais de 3 sessoes de treino de forca.

xi
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No teste A procedeu-se a realizacdo de exercicio aer6bio moderado e reducdo do sono em
20% do tempo habitual e no teste B nao se procedeu a nenhuma alteracao do estilo de vida.
A fadiga foi avaliada através da escala de Chalder e foram realizados os seguintes testes:
teste de fluéncia verbal, teste de reacdo visual, medicao da oximetria cerebral e avaliacdo de
potenciais evocados cognitivos, em ambos os dias (testes A e B), antes e ap0s a aplicacao da
estimulacao magnética transcraniana. Foi realizado um follow-up da percecao de fadiga,

com a escala de Chalder, dois dias e quatro semanas apds o dia do estudo.

Para a anélise estatistica recorreu-se ao teste de Friedman e, quando significativo a 5%, as
comparacoes aos pares foram obtidas com o teste de Dunn com corre¢io de Bonferroni. As

correlacoes foram medidas usando o coeficiente de correlacao de Spearman.

Resultados

A amostra foi constituida por 7 individuos (6 do sexo feminino e 1 do sexo masculino) com
idades entre os 22 e os 28 anos. A mediana de horas dormidas no teste A foi de 6 (o que
equivale a uma mediana de 80% do sono habitual) e no teste B de 6 horas também (o que

equivale a uma mediana de 88% do sono habitual).

No teste A, os voluntarios foram considerados fadigados de acordo com escala de Chalder
(pontuacao mediana igual a 4), mas no teste B nao; contudo a diferenca encontrada entre

os grupos nao foi estatisticamente significativa.

No teste de fluéncia verbal, ambos os grupos A e B mostraram melhor performance depois
da cTBS, sem diferenca significativa entre ambos. Apesar do resultado ter sido melhor no
teste B, a diferenca ndo foi estatisticamente significativa. Relativamente a oximetria
cerebral apenas se observou que houve um aumento da mediana apés aplicacao da ¢cTBS no
teste A e uma diminuicdo no teste B, mas sem significancia estatistica. O tempo de reacdo
visual também demonstrou ser inferior no teste B e apos a ¢TBS, contudo, sem diferenca

estatistica.

No que toca aos potenciais evocados, as laténcias do P300 foram significativamente
lentificadas ap6s ¢TBS em ambos os grupos, existindo uma diferenca marginalmente
significativa devido a laténcias superiores no teste A. J4 no que toca a amplitude do P300

nao se registaram diferencas significativas nem assimetrias relevantes entre o teste A e B.

xii
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Conclusao

Conclusao: Apesar de uma possivel diferenca entre os grupos A e B nos resultados do
P300 apods c¢TBS associada ao grupo fatigado, esta nao foi significativa. Ainda, apesar de
possiveis diferencas entre os grupos A e B nos distintos exames aplicados para o estudo da
fadiga, ndo foram observadas diferencas significativas. Pelo que, no presente estudo nao foi
possivel concluir que a fadiga possa ser medida de forma objetiva. Varios fatores limitantes
podem ser apontados, nomeadamente o namero de sujeitos, os exames aplicados, o

quotidiano dos voluntérios, entre outros.
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Abstract

Introduction: Fatigue is a symptom described as the lack of energy and exhaustion and
can be physical or cognitive. Currently, its measurement depends exclusively on subjective
perception scales. Transcranial magnetic stimulation and the theta burst stimulation
protocol (cTBS) appears as a non-invasive method used to explore and modulate brain
functioning, may influence cognitive processing. Therefore, this investigation has as
objective the study and quantification of different biological parameters that may be

associated with fatigue and evaluate the different effects of ¢cTBS in fatigue individuals.

Methods and materials: A “crossover” study was carried out with 7 healthy adult
volunteers (6 females and 1 male). In test A was proceeded to the realization of moderate
aerobic exercise and reduction of sleep by 20% of the usual amount, and in test B was not
proceeded to lifestyle changes. The fatigue was measured using Chalder scale and were
performed verbal fluency test, visual reaction test, measurement of cerebral oximetry and
evaluation of evoked cognitive potentials (P300), before and after the application of cTBS.
It was proceeded to a follow-up of 4 weeks of the fatigue perception. For statistical analysis,
the Friedman test was used and, when significant at 5%, pairwise comparisons were
obtained with the Dunn test with Bonferroni correction. Correlations were measured using

Spearman's correlation coefficient.

Results: As expected, on test A, volunteers were considered fatigued according to chalder
scale, but in test B they were not; however, the difference was statistically non-significant.
In the verbal fluency test, both A and B groups shown better performance after cTBS, with
no significant difference between them. c¢TBS slowed P300 latency, potentially more

pronounced on the test A group.

Conclusion: Despite a possible difference between groups A and B in P300 results after
cTBS in the fatigued group, this was not significant. Therefore, in the present study it was
not possible to conclude that fatigue can be measured objectively. Several limiting factors,

namely the number of subjects, may have contributed to this.
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Chapter 1

Introduction

Fatigue can be defined as “a symptom that cannot be relieved by the usual strategies of
restoring energy, and that impairs, to a variable degree, the individual’s ability to carry out
his or her usual daily activities”, described as “listlessness, lack of energy, exhaustion,
tiredness, early fatigability, sleepiness, a tendency to fall asleep during the day, physical
weakness, or a feeling of running on empty”, and it is the main or a secondary reason for

10—20% of patient consultations in primary care. (1)

Fatigue can be either physical or cognitive. Physical fatigue occurs due to dysfunction of at
least one process related to the generation of force by the contractile proteins. (2) Cognitive
fatigue can be defined as the diminishing cognitive capacity due to sustained mental
demand. (3) Moreover, there is an acute inverse relation between the exercise demand and

performance on memory tasks. (2)

A huge number of medical disorders, such as mental illness, cancer, anemia, endocrine
disorders, infectious and liver diseases, chronic somatic diseases, sleep disorders can cause
fatigue, either physical or cognitive. (1) Fatigue can also occur associated with sleep
problems: since the duration, continuity, and depth of sleep without circadian rhythm
disruption is necessary to achieve high levels of attention and cognitive performance as well
as to prevent the development of different pathologies. (4) According to NASA’s Aviation
Safety Reporting System, 21% of reported aviation incidents, and one-third of all the
incidents, errors or problems reported to UK Confidential Human Factors Incident
Reporting Programme are fatigue-related. (5) A survey to professional drivers in Poland
showed that a majority (89%) declared suffering from fatigue at work, however, those with
more age-related experience reported less fatigue. (6) Healthcare professionals are no
exception. 61% of doctors reported feelings of burnout as well as 80% of nurses, relating it

several clinical mistakes. (7)

Fatigue can be subjectively measured using questionnaires, as the Chalder Scale (CS), which
is a multidimensional scale assessing both mental and physic fatigue. (8) Levels of
sympathetic nerve activity and parasympathetic nerve activity are proportionally and
inversely related to Chalder Scale punctuation (CSP), respectively. (9) One of the major

problems is that fatigue per se is a subjective feeling and although we recognize the Chalder
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scale as reliable, its results could be falsified for many reasons, making them untrustworthy
if the objective is to use them in day-to-day situations. Therefore, the ideal solution would
be to find fatigue parameters or patterns applicable in everyday life, without great costs and

with the least number of subjectivities.

Verbal fluency test (VFT) can be used to distinguish between the existence or presence of
cognitive impairment (10) and is closely linked to working memory, motivation and
attention (11). We may expect a negative relation between fatigue and verbal fluency (12);
however, levels of anxiety can obscure this relation because verbal fluency test performance

(VFP) scores are improved in individuals with higher levels of stress. (12)

Cerebral oxygenation can also be quantified to assess fatigue. For instance, during a driving
task, oxygen consumption increases and induces an increase in cerebral blood flow, which
causes a raise in oxy-hemoglobin (HbO.) accompanied by a decrease in deoxy-hemoglobin
(HHD). Prolonged regional neural activity causes a reverse behavior at the end of a driving
task — rise in HHb and drop in HbO., that can be non-invasively measured by near infrared

spectroscopy (NIRS). (13)

Transcranial magnetic stimulation (TMS) is a non-invasive method used to explore brain
function and to help diagnose and treat some disorders, namely depression. It is based on
the application of magnetic fields that generate changes in neurons and modify their
excitability. (14) Theta burst stimulation (TBS), a repetitive TMS (rTMS) protocol,
modulates cortical excitability in less than 5 minutes, being able to induce immediate and
prolonged functional and structural plasticity. Continuous TBS (cTBS) is an inhibitory
application, which can increase the reaction time, but also task-specific connectivity

demonstrating fast, adaptive, and functional cerebral reorganization just after one session.

(14)

The auditory P300 is a “positive waveform that reaches a maximum at approximately 300
milliseconds after stimulus onset”. P300 is a component of event-related potentials (ERP).
Even though its amplitude is related to the “amount of cognitive effort” allocated, larger
amplitudes are “associated with fewer errors by children performing in the oddball
paradigm task”. P300 latency might be coupled with “speed and efficiency of information
processing”. (15) In line with what has been observed in other studies, this indicates that
cognitive fatigue, and number of hours awake are positively related to latency and negatively
to amplitude of the P300 evoked potential. (16) P300 most likely results from glutaminergic
neurotransmission, indirectly affected by GABAergic transmission (reduces amplitude and
enhance latency when given sedating GABAergic drugs) and neuromodulated by the

cholinergic system (enhance amplitude and reduce latency when given scopolamine). (17)
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Previously, the use of cTBS delayed P300 latency in both hemispheres, being possibly
effective in modulating dopaminergic and glutaminergic connection. (18) If applied to the

left hemisphere cTBS seems capable to bilaterally reduce prefrontal cortex oxygenation. (13)

1.1 Main Objectives

This study aims to induce physical tiredness and lack of sleep, in healthy students and

evaluate and quantify their associated fatigue.

The first objective of our research is to evaluate the different effects of ¢TBS in tired and
non-tired students. The second objective is to examine the degree to which ¢TBS can
influence fatigue in these subjects. The third purpose is to analyze the results and conjugate
them to see which objective and subjective tools or combination of tools seem most effective

measuring objectively fatigue.
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Chapter 2

Materials and methodology

2.1 Study type

Our research is a quantitative prospective crossover study. Participation in the study was
free and informed, with volunteers signing an informed consent (Appendix I) prior to the
procedure. The exclusion and inclusion criteria were explained, as well as the entire
procedure and possible side effects. Furthermore, anonymity was ensured both in the

collection and processing of data.

The initial project in which this study is part (CE-FCS-2011-001) received a positive opinion

from the Ethics Committee of the Faculty of Health Sciences (Annex I).

2.2 Sample selection

Contact and selection of volunteers were carried out between March and September of
2022. Recruitment of participants was carried out via social networks aiming students of
the Integrated master’s degree in Medicine at the Faculty of Health Sciences of the

University of Beira Interior.

The students who expressed their willingness to participate in the study were invited to fill
out a questionnaire that evaluated them according to inclusion and exclusion criteria
(Appendix II).

Inclusion criteria

1. Right-handed students
2. Students between 18-30 years

Exclusion criteria
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=

Individuals with metallic elements in the skull region (excluding the oral region).
Personal history of seizures or epileptic seizures.

Diagnosis of neurological, cardiac, respiratory, or psychiatric pathology.
Pathology that causes increased intracranial pressure.

Previous neurological surgery.

Confirmation or suspicion of pregnancy.

N o~ N

Individuals on medication that lowers the seizure threshold, without concomitant
anticonvulsant intake.

8. Alcoholism or use of illicit drugs.

Because sleepiness and exercise may alter some of the exams applied and are somehow
related with fatigue, subjects that don’t sleep, on average, between 6-11 hours (19) are also
excluded from the study, as well as those subjects that exercise more than 300 minutes of

aerobic physical exercise or 3 sessions of strength exercise, per week. (20)

In both Test A and B, the consumption of tea, coffee or other drinks that contain stimulant
substances (caffeine, theine, taurine, among others) in the 12 hours before taking the exams
was also considered an exclusion criteria. Also, the consumption of alcohol in the 24 hours

before the exams was considered an exclusion criteria.

After being included in the study, every subject received a random identification code. Data
was anonymized and those responsible for evaluating each volunteer in relation to the

exclusion criteria only had access to the code.

Scheduling was carried out over the telephone and volunteers were instructed about certain
conditions relevant to the study, depending on the test they were going to perform (test A

or test B — see in the procedure).

2.3 Procedure

Every subject was submitted to two different protocols of tests which were:

1. TestA
a. Reduction of sleep time by 20% of the mean usual sleep time
b. Moderate intensity of brisk walking during 15 minutes before the tests and

TBS, preceded by the measurement of the baseline heart rate (HR)
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After exercise, a pause of 10 minutes was done or until the baseline HR was reached.

2. Test B — 3 months after test A
a. No additional lifestyle changes were made before the tests and TBS were

performed.

For simplification, the day of test A will be referred as simply as test A and the day of test B

will be referred as test B.

2.4 Proceeded exams/tests and theta burst stimulation

All participants went through the same battery of exams/ questionnaires/ tests

/stimulation:

1. Measurement of ambient temperature, measurement of body temperature and

characterization of exercise intensity by HR

2. Chalder Scale — initially and as follow-up 2 days and 4 weeks after
3. Verbal fluency test (in test A, after exercise)

4. Reaction test (in test A, after exercise)

5. NIRS

6. P300

7. Inhibitory TBS

8.

Exams 3 to 6 were applied both before and after the inhibitory TBS.

Before starting the session, volunteers were invited to read the Informed Consent prepared
in accordance with the Declaration of Helsinki (Appendix I). The signing of the informed
consent was accompanied by a brief oral explanation about the procedure and possible side

effects of the stimulation, aiming to clarify any doubts.

All volunteers were instructed to contact the research team if any adverse effects were to be

reported within 48 hours post-stimulation.
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2.5 Methods

2.5.1 Heart rate

HR was measured using a Polar® Unite Fitness Watch, placed on the left arm. The basal
volunteer’s HR considered was the value measured before the beginning of the exercise.
Because Fox formula (220-age) showed to assure adequate exercise intensity (21), it was

used to predict the maximal heart rate (HRmax) and calculate the heart rate reserve (HRes).

Table 1 — The percentage of the heart rate reserve (%HRres) required to considerer an exercise as moderate.

Exercise intensity % HRires

Moderate (22) 40-59%

2.5.2 Chalder scale

Scales that intend to assess fatigue are unidimensional or multidimensional. Chalder scale
is a multidimensional scale allowing for a broader and more complete assessment of fatigue,
both mental and physic. It allows to distinguish between subjects with or without fatigue

measured with Checklist Individual Strength. (8)

Every item is valued from 0-3, relating with the intensity of fatigue. Every score equal to o
or 1is converted to 0 points, and 2 or 3 to 1 point. An individual with a cumulative mark of

at least 4 is considered fatigued. (23)

2.5.3 Visual reaction test

It is known that “after a high intensity effort, physical and mental fatigue may appear” which
affects the ability to react quickly. Inducing a short period of physical fatigue is sufficient to
augment the visual reaction time in athletes. (24) The app used to assess visual reaction
time was sleep-2-peak (s2P), validated in 2016; it aims to assess changes in the alertness of
individuals after long periods of wakefulness or sleep deprivation. (25) The assessment

consists of a 3-minute test in which the volunteers, while holding the cell phone with their
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left hand, presses the screen as quickly as possible with their right index finger as soon as

an image of the Sun appears. The result is the subject”s visual reaction time average. (25)

2.5.4 Verbal fluency test

The assessment consisted in a 3-minute test (1 minute per letter) in which it was asked to
the volunteers to say as many words as possible starting with M, P and R, except

augmentatives, diminutives, and personal nouns. (10) It was made before and after TMS.

2.5.5 Near infrared spectroscopy

Cerebral oxygenation values were obtained with the EQUANOX TM device, Model 7600
Regional Oximeter System with EQUANOX Classic TM Sensor, Model 8000CA. Two
sensors were used placed in the frontal region, corresponding to the left and right cortex,
approximately 5 cm above the eyebrow line. Both prior and after stimulation,
measurements were taken at zero, 30, 60 and 90 seconds. The assumed final value for the

elapsed period was the average of the 4 values.

2.5.6 Event related potentials — Auditory P300

ERP were evaluated in a silent room, using the 8-channel Keypoint.net v.2.03 device. The
participants had to stay calm and focused on a certain reference point. Volunteers were
instructed to press the button with their right hand as soon as they hear the target (odd-

ball) stimulus.

After cleaning the scalp with alcohol, electrodes were placed at Fz, Cz and Pz locations of
the 10/20 system, using a mastoid reference. As for processing, a time constant of 1 second,
a high-frequency filter of 50 Hz, a time base of 1000 ms and an automatic rejection mode
were applied. By a binaural stimulus, the oddball protocol was based on presenting 80% of
a frequent stimulus, at 1000 Hz and 50 ms, and 20% of a randomly interspersed stimuli, at
2000 Hz and 100 ms, both having a minimal intensity of 70 dB. Each study recorded at

least 80 target stimuli, in two reproducible series.
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The electrode application sites were cleaned with alcohol to maintain a resistance of less
than 5 kQ.

The largest negative peak, occurring between 160-260 ms, was considered N200. Prior to
N200, the most prominent negative peak was marked — N100. P300 was defined as the
largest positive peak occurring after the N1, P2 and N2 components, increasing in amplitude
in the posterior areas and occurring between 220-600 ms. The amplitude was measured in
the N2-P3 complex, between the maximum negative and positive components. To
statistically analyzing the P300 peak, priority was given to assessing the Pz region, which is

more clinically relevant. (26,27)

2.5.7 Inhibitory theta burst stimulation (continuous theta burst stimulation)

For the TBS protocol we used MagVenture MagPro® G3 x 100 5.0.1 magnetic stimulator,
with an identical protocol of previous studies. Using Dantec TM Keypoint®
electromyograph - Keypoint.net v.2.03, it was possible to obtain the stimulation point, by
identifying the region that originated the greatest contraction of the contralateral abductor

pollicis brevis muscle. (13)

TBS was applied to the left prefrontal cortex — 5 cm anterior to the previously defined
hotspot on the left primary motor area. It was applied 80% of the activation intensity of the
active motor threshold, as it is the minimum stimulation intensity for which there is a motor
response in at least 5 of 10 stimuli, while the subject slightly contracts the contralateral
abductor pollicis brevis muscle. (13) c¢TBS consisted in the application of TBS

uninterruptedly, totaling 600 pulses. (25)

2.6 Statistical methods

The study data was analyzed using IBM SPSS Statistics v29.0.1 programs.

Data from quantitative variables were described by mean, standard deviations (sd), median,
maximum (max), and minimum (min), while data from categorical variables were described

by frequencies and percentages.

Friedman's test was used to analyze the effects of tests A and B, before and after TMS
application. Kendall's W statistic was used for the effect size, the interpretation of which is

similar to Cohen's interpretation (cut-off values of 0.1, 0.3 and 0.5 for small, moderate, and

10
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strong effects, respectively) (28). For pairwise comparisons, Dunn's test with Bonferroni
correction was used. Correlations were measured using Spearman's correlation coefficient,

since there are generally no linear trends.

Hypothesis tests whose proof value (p-value, p) did not exceed the significance level of 5%

were considered significant.

11
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Chapter 3

Results

3.1 Sample description

Seven healthy young adult volunteers were studied. Table 2 gives the characteristics of
volunteers’ sample. It was predominantly constituted by females (n = 6), with a mean age
of 24 years. Initially there were eight participants, but there was one dropout, because the

individual commented to have had a disrupted sleep the night prior to test B.

Table 2 - Sample characterization.

Sex (n) (%)

Female 6 (85.71%)
Male 1(14.29%)
Age (years) — test A
Mean + sd 24.00 + 2.00
Median (Min.; Max.) 23 (22; 27)
Age (years) — test B
Mean + sd 24.57 + 2.32
Median (Min.; Max.) 23 (22; 28)

At the time of the questionnaire (appendix II), volunteers were in the 5th (71.43%) and the
6th year (28.57%) of Medicine at the Faculty of Health Sciences of the University of Beira

Interior.

Of the symptoms questioned in question 1 (appendix II) 57.13% (n=4) of the volunteers said
they hadn’t felt any, 14.29% (n=1) reported symptoms related to hypotension (more
prevalent during summer) and 28.58% (n=2) to anxiety situations (monthly episodes). Only
one volunteer (14.29%) stated that he suffered from some pathology — asthma (self-assessed

as mild) and hypothyroidism, in questions 2 and 3 of appendix II.

Two volunteers (28.58%) stated that they had felt depressed before test A. Three (42.87%)
volunteers expressed that they did not drink alcohol, and the other four (57.13%) only

13
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occasionally. Only one (14.19%) volunteer consumed tobacco, but less than 1 pack/day, and

none did drugs.

Regarding physical exercise, 57.13% (n=4) of the volunteers practiced 0-60 minutes of
aerobic exercise every week, and 42.87% (n=3) 0 minutes. Only one (14.29%) responded

that performed strength exercise sessions — 1 session per week.

With respect to sleeping habits, 57.13% of volunteers slept near 7-8 hours a day, and one

volunteer for each: 8-9 hours, 6-7 hours, and 5-6 hours.

3.2 Test A sample description

Relating to sleeping habits on the day of test A, table 3 presents the descriptive analysis of
the number of hours slept the night before the test A, through mean, standard deviation,
median, minimum, and maximum values. The median of hours slept was 6h and the median

of relative number of hours slept was 80%.

Table 3 - Descriptive analysis of the number of hours slept the night before test A.

Number of hours slept Relative number of hours slept? (%)
Mean + sd Median (min.; max.) Mean + sd Median (min.; max.)
5.78 £ 0.56 6 (5;6.5) 78.27+5.63 80 (67; 83)

1 The basal number of hours considered were the ones reported on the study day survey

(appendix V)

The %HRes, exercise was analyzed through mean, standard deviation, median, minimum,
and maximum values. Table 4 shows that the minimal value was 40% and the maximal value

was 53%, being the median 44%, classifying every subject’s exercise as moderate.

Table 4 - Descriptive analysis of the mean %HRres achieved during exercise.

9% HRres

Mean + sd Median (min.; max.)

45.71 + 4.19 44 (40; 53)

14
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3.2 Test B sample description

Regarding sleeping habits on B test day, table 5 presents the descriptive analysis of the
number of hours slept the night before test B, through mean, standard deviation, median,
minimum, and maximum values. The median of hours slept was 6h and the median of

relative number of hours slept was 88%.

Table 5 - Descriptive analysis of the number of hours slept the night before test B.

Number of hours slept Relative number of hours slept! (%)
Mean + sd Median (min.; max.) Mean + sd Median (min.; max.)
6.76 + 1.03 6 (5.8; 8.25) 90.86+11.01 88 (75; 107)

1 The basal number of hours considered were the ones reported on the study day survey

(appendix V)

3.3 Chalder Scale (CS)

In table 6 is presented the descriptive analysis of the score obtained on the CS, through
mean, standard deviation, median, minimum, and maximum values, on the test (A and B)

day, 2 days, and 4 weeks follow-up.

In table 6 is also presented the inferential analysis, between CS punctuation (CSP) before
TMS application and the 2 days follow-up, between the 2 days follow-up and the 4 weeks
follow-up, and between CSP before TMS application and the 4 weeks follow-up.

On test A, the minimal punctuation obtained was 0 and the maximum 8. Giving 4 as the
cut-off value was verified that the median is equal to this value. On test B, the minimal

punctuation obtained was 0 and the maximum 5, and the median was 2.

Looking at the individuals’ values, it can be said that the number of people considered
fatigued using the CS (equal or more 4 points) were 4 on the day of test A, 1 on the 2 days
follow-up of test A and again 4 on the 4 weeks follow-up of test A. On the day of test B, just

2 volunteers were fatigued, 1 on the 2 days follow-up, and 1 on the 4 weeks follow-up.

Comparing CSP before TMS application and the 2 days follow-up, the Friedman Test
showed the existence of a significant effect (p=0.009). Kendall’'s W was 0.549, indicating a

strong effect. However, the significant differences found result from comparisons that are

15



Exhausted

not clinically relevant and as can seen in table 7, the difference found while comparing

clinical relatable moments were not significant.

Table 6 — Descriptive and inferential analysis of CS punctuation and pre and post stimulation.

Test A Test B p'
Variable (CSP) Median (min.; Median (min.; Kendall's
Mean + sd max) Mean + sd max) w)
Test day 4.00 + 2.30 4(2;8) 2.14 + 1.86 2(0;5) 0.009
2 days follow-up 2.00 * 2.00 2(0; 6) 1.71 £ 2.56 1(0;7) (0.549)
4 weeks follow-up 3.71 + 3.35 3(0; 8) 1,86 + 1,77 2(0;5) 0,028
Test day X X X X (0,433)
2 days follow-up X X X X 0,136
4 weeks follow-up X X X X (0,264)

1Friedman test

Table 77 — Comparison between CSP before test A and the 2 days follow-up CSP.

Dunn test with Bonferroni correction

Variable | Before | After A (before B (before
A-B A-B and after!) | and after?)

p p P P

CSp 0,231 1 0,295 1

1CS 2 days follow-up

On table 8, was compared CSP before the application of TMS with the 2-days follow-up and
4 weeks follow-up, it was found a significant correlation between CSP before test and the 2-
day follow-up CSP (p=0,012; rs=0,863) and the 4 weeks follow-up (p=0,014; rs=0,857),
and between the 2 days follow-up CSP and the 4 weeks follow-up (p=0,034; rs=0,791). It
shows that test B (not altering lifestyle) did not disrupted significatively the perception of
fatigue on the day of the test, differently of test A, showing that perception fatigue is

somehow predicable on a daily base.
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Table 8 — Correlation between CSP before and after (2 days and 4 weeks follow-up) TMS application.

Test A Test B Test A Test B Test A Test B
Variable
CSP 2 days-follow-up | CS 4 weeks follow-up | CS 4 weeks follow-up
o,
Test A CSp 397 X X b: X X
(0,378)
before
0,863
Test B T™S b X X X X
(0,012)
o,
Test A CSpP X X 333 X X X
(0,465)
before 3
o
Test B T™S b X X 057 X X
(0,014)
0,619
Test A CSP 2 X X X X X
(0,139)
days-
0,791
Test B follow-up X X X X X 79
(0,034)
Values: rs (p-value)
3.4 Verbal fluency test

In table 9 is presented the descriptive analysis of verbal fluency test performance (VFP)
using mean, standard deviation, median, minimum, and maximum values, as well as the
inferential analysis, between the VFT before TMS application and VFT after it, and between
the VFP before TMS application and the “new words” (NW) said after TMS application.

It was used the mean value of words said on M, P and R. The overall performance was better
on B test day. Both median (17), minimum (15) and maximum (20) values are greater after
the application of TMS. The Friedman Test showed the existence of a significant effect
between VFP before and after TMS application (p=0.008). Kendall’'s W was 0.569
indicating strong effect. However, the significant differences found result from comparisons
that are not clinically relevant and as shown in table 10, the difference found while

comparing clinical relatable moments were not significant.
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Table 9 — Descriptive and inferential analysis of VFP and pre and post stimulation.

Test A Test B b
Variable (VFP) Mean 4 sd Med:z: X(.I)mn.; Mean + sd (mﬁej;z:x) (Kendall's W)
Before TMS 12.76 + 2.46 12 (10.33; 18) 15.57 + 1.75 15 (13; 18) 0.008
After TMS 14.38 + 3.10 15 (9.33; 19.67) | 17.43 + 1.89 17 (15; 20) (0.569)
New words? 9.52 £ 2.19 9 (7;13.67) 10.86 + 1.98 11(8; 14) X

tFriedman test; 2 After TMS; 2 Effect of test on VFT NW before TMS;

Table 10 — Comparison between VFP before TMS application and VFP after TMS application.

Dunn test with Bonferroni correction

Variabl A (before and B (before
ariable Before A-B | After A-B ( (
after) and after)
p p p »
VFP! 0,295 0,471 0,586 0,884

1Relation between VFP before and after TMS;

Despite literature indicating that fatigue and verbal fluency test performance are inversely
related, table 11 shows that there was no significative correlation between the CSP and the

performance on the verbal fluency test.

Table 11 — Correlation between CSP and VFP, before TMS.

Test A Test B
Variable
CSP
Test A 0.406 (0.366) X
VFP
Test B X 0.066 (0.888)

Values: rs (p-value)

3.5 Near-Infrared Spectroscopy

In table 12 is presented the descriptive analysis of NIRS’ results, through mean, standard
deviation, median, minimum, and maximum values, on the test (A and B) day, as well as

the inferential analysis, between the right hemisphere values on test A and test B, between

18
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the left hemisphere values on test A and test B, and between the right and left hemisphere

values on test A and test B.

No significant difference was found in the median value on the oximetry of the right
hemisphere and the left hemisphere between group A and group B, before TMS application.
However, after TMS application we observed an increase of the median value on test A, but

a decrease of the median value on test B, on both hemispheres. The Friedman Test however,

did not show any significant difference.

Table 12 — Descriptive and inferential analysis of NIRS values and pre and post stimulation.

Test A Test B
Variable p
(NIRS) Mean & sd Median (min.; Mean £ sd Median (min.; (Kendall's W)
max.) max.)
Right 71.50 (68.50; 71.50 (66.25;
. 72.21 + 3.67 73.00 * 6.17 0.960
hemisphere? 79.75) 85.25) (0.01
Right 71.75 (68.25; 68.25 (67.00; ’
] N 72.86 + 5.45 71.89 + 8.04 0) 0.540
hemisphere 84.25) 84.50) (0.12
Left 68.50 (62.50; 68.50 (63.50; '
, 70.50 + 7.36 70.75 + 6.27 0.180 0)
hemisphere? 86.00) 87.75) (
0.20
Left 69.50 (66.75; 68.00 (66.75;
) L | 72112719 72.00 + 8.53 )
hemisphere 87.75) 90.50)

1Friedman test; 2 Before TMS; P After TMS

As it is an easy tool to apply, it was looked for a correlation between CSP and NIRS’ results.

However as can be observed in table 13, no significant correlation was found.

Table 13 — Correlation between CSP before TMS and NIRS values.

Test A Test B
Variable
NIRS value before TMS
Test A 0,150 (0,749)* | 0,370 (0,937)" X X
CSp
Test B X X 0.190 (0.968)2 | -0.425(0.342)"

Values: rs (p-value); » Right hemisphere; P Left hemisphere
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3.6 Visual reaction test

In table 14 is presented the descriptive analysis of reaction time using mean, standard
deviation, median, minimum, and maximum values, as well as the inferential analysis,

between auditive reaction time (RT) before and after the application of TMS, on test A and

test B.

It can be observed that the median time of RT decreased after TMS on both test A and test
B, and that the median value is higher on test A, both before and after TMS application.

However, the Friedman Test showed no significant effect (p=0.940).

Table 14 — Descriptive and inferential analysis of RT (milliseconds) and pre and post stimulation.

. Test A Test B pt
Variable '
RT Median (min.; Median (min.; (Kendall's
(RT) Mean + sd Mean + sd W
max.) max.) )
Before
271.71 + 65.58 249 (200; 368) 268.71 + 87.55 228 (201; 451)
TMS 0.940
After (0.020)
TMS 253.86 + 78.78 | 225 (205; 425) 278.29 + 106.73 | 206 (202; 475)
!Friedman test;

There is a relation between hours of sleep and RT (29), that is somehow collaborated in

table 15, as it was found a marginal inverse correlation between RT and the number of hours

slept on test B (p=0.058; rs=-0.739).

Table 15 — Correlation between RT and number of hours slept.

Test A Test B
Variable
Number of hours slept
Test A -0.214 (0.645) X
RT
Test B X -0.739 (0.058)

Values: rs (p-value)
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3.7 Evoked potentials

In table 16 is presented the descriptive analysis of auditory evoked potentials using mean,
standard deviation, median, minimum, and maximum values, as well as the inferential

analysis, between EP before and after the application of TMS, on test A and test B.

In general, the absolute latency of P300 and N200 was superior on test A (slower evoked
potentials), both before and after TMS application. Regarding amplitude, the absolute
values were superior in test B, both before and after TMS application. In addition, the
Friedman Test showed a significant effect between P300 before and after TMS application

(p=0.027). Kendall’'s W was 0.437 indicating a moderate effect.

Table 17 gives the difference between latency of P300-Pz before and after TMS application.
It was found a marginally significant difference (p=0.078) between the latency on test A,
before and after TMS application, which seems to translate a difference in response when

volunteers are fatigued (A) vs. non-fatigued (B).

Table 16 — Descriptive and inferential analysis of ERP and pre and post stimulation.

Test A Test B p!
Variable Median (min.; Median (Kendall's
Mean + sd Mean + sd . W
max.) (min.; max.) )
Latency of
86.71 £ 19.54 84 (56; 120) 89.93 + 18.02 84 (68; 118)
N100 - Fz2 0.500
Latency of (0.112)
N100 - Fzb 90.93 £ 20.54 86 (71; 134) 87.04 £ 9.34 91 (76; 99)
Latency of
82.81 + 12.87 84 (61;99) 87.37 £ 12.68 86 (71; 109)
N10o0 - Cz? 0.490
Latency of (0.116)
N100 - Cab 83.90 £ 9.414 84 (71; 96) 85.43 + 7.95 84 (73; 94)
Latency of
78.13 + 7.22 79 (68; 88) 78.00 + 11.14 76 (68; 101)
N1oo0 - Pz2 0.790
Latency of (0.048)
N100 - Pzb 86.71 £ 19.54 84 (56; 120) 78.91 + 8.45 81 (66; 89)
Latency of 208 (187;
222.29 + 43.98 228 (142; 281) 220.71 + 25.78
N200 - Fz2 248) 0.125
Latency of 246 (192; (0.273)
b 235.86 + 34.97 243 (167; 277) 234.71 £ 22.16
N200 - Fz 253)
Latency of 192 (177; 0.257
203.71+ 37.13 195 (144; 253) 209.43 + 32.65
N200 - Cz? 256) (0.193)
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Latency of 208 (177;
216.57 + 34.86 210 (165; 258) 223.57 + 41.21
N200 - Czb 281)
Latency of 190 (175;
205.00 + 36.75 200 (144; 258) 210.00 + 35.98
N200 - Pz2 263) 0.500
Latency of 195 (167; (0.112)
215.00 + 38.48 205 (165; 258) 218.57 + 45.61
N200 - Pzb 5 30.4 5 (105; 25 57 £45.017 286)
Latency of 23 (304;
y 318.43 + 24.32 316 (290; 368) 327.57 £ 27.22 3231304
P300 - Fz2 385) 0.257
Latency of 319 (308; (0.193)
N 337.43 £32.54 | 324(304;385) | 340.29 48.96
P300 - Fz 448)
Latency of 322 (304;
320.71 £ 13.77 319 (301; 433) 33143 £ 24.15
P300 - Cz? 372) 0.450
Latency of 334 (311; (0.126)
) 343.29 + 29.51 353 (309; 387) | 340.14 +39.16
P300-Cz 423)
Latency of 329 (306;
324.86 + 14.44 323 (306; 349) 330.71 + 21.22
P300 - Pz2 359) 0.027
Latency of 339 (306; (0.437)
N 350.71 + 27.86 367 (314; 380) 345.00 + 38.05
P300 - Pz 423)
Amplitude
15.27 + 14.47 8 (75 47) 13.60 + 4.37 12 (9; 19)
P300 — Fz2 0.930
Amplitude (0.020)
P300 — Fzb 15.69 + 14.71 12 (4; 48) 16.14 + 38.05 14 (6; 35)
Amplitude
14.54 + 7.83 14 (5; 25) 14.87 + 7.39 15 (5; 25)
P300 - Cz? 0.930
Amplitude (0.020)
P300 — Czb 14.27 + 8.25 13 (3; 30) 14.89 £7.34 17 (2; 25)
Amplitude
13.46 + 7.90 14 (4; 23) 13.49 + 6.49 16 (4; 24)
P300 - Pz2 0.860
Amplitude (0.037)
P300 — Pzb 13.09 + 7.10 12 (3; 25) 13.31 + 6.99 15 (2; 24)

! Friedman test; 2 Before TMS; b After TMS; Latency is in milliseconds; amplitude in microvolts (uV).

Table 17 — Comparison between latency of P300-Pz before and after TMS application (Dunn’ test with
Bonferroni correction).

Dunn test with Bonferroni correction

Variable | Before | After A- | A (before B (before
A-B B and after) and after)
p p p p
P300-Pz | 1.000 1.000 0.078 0.884
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As example, the next figure (figure 1) shows the evoked potentials of one volunteer before

and after ¢TBS stimulation.
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Figure 1 - Evoked potentials of the same volunteer before (1%t picture) and after (224 picture) ¢TBS stimulation.

In table 18 and table 19 is showed the correlation between CSP and ERP before TMS

application.

Table 18 — Correlation between CSP and ERP, before TMS application, on test A.

Variable CSp
Latency of N100 - Fz -0,750 (0,873)
Latency of N100 - Cz -0,374 (0,408)
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Table 19 — Correlation between CSP and ERP, before TMS application, on test B.

Latency of N100 - Pz

-0,699 (0,080)

Latency of N200 - Fz

0,262 (0,570)

Latency of N200 - Cz

-0,206 (0,658)

Latency of N20o0 - Pz

-0,206 (0,658)

Latency of P300 - Fz

0.262 (0.570)

Latency of P300 - Cz

0.168 (0.718)

Latency of P300 - Pz

0.500 (0.253)

Amplitude P300 — Fz

-0,283 (0,538)

Amplitude P300 — Cz

-0,187 (0,688)

Amplitude P300 - Pz

-0,037(0,937)

Values: rs (p-value)

Variable

CSP

Latency of N100 - Fz

-0,393 (0,383)

Latency of N100 - Cz

-0,487 (0,268)

Latency of N100 - Pz

0,028 (0,952)

Latency of N200 - Fz

0,17 (0,716)

Latency of N20o - Cz

-0,112 (0,811)

Latency of N200 - Pz

-0,112 (0,811)

Latency of P300 - Fz

0,112 (0,811)

Latency of P300 - Cz

-0,397 (0,379)

Latency of P300 - Pz

-0,225 (0,628)

Amplitude P300 — Fz

-0,299 (0,514)

Amplitude P300 — Cz

0,019 (0,968)

Amplitude P300 - Pz

0,160 (0,731)

Values: rs (p-value)

It was not found any significant correlation between the number of hours slept and ERP

latency and / or amplitude before TMS application, on test B, as shown in table 20.

Table 20 — Correlation between ERP and number of hours slept on test B.

Variable

Number of hours slept

Latency of N100 - Fz

-0.090 (0.848)

Latency of N100 - Cz

-0.036 (0.939)

Latency of N100 - Pz

-0.327(0.474)
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Latency of N20o0 - Fz

-0.136 (0.771)

Latency of N20o0 - Cz

-0.378 (0.403)

Latency of N20o0 - Pz

-0.378 (0.403)

Latency of P300 - Fz

0.189 (0.670)

Latency of P300 - Cz

0.564 (0.188)

Latency of P300 - Pz

0.306 (0.504)

Amplitude P300 — Fz

0.288 (0.531)

Amplitude P300 — Cz

0.505 (0.248)

Amplitude P300 - Pz

0.291 (0.527)

Values: rs (p-value)
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Chapter 4

Discussion

The present study had three main objectives — to study the induced fatigue in healthy
students, to evaluate the different effects of cTBS in fatigued and non-fatigued students and
to understand which tools may be the most trustworthy to study fatigue. The subjects
perceived tiredness (mental and physical) was evaluated using CS. To assess subjects’
cognitive state, it was used different quantitative parameters, such as verbal fluency test
performance, cerebral oximetry, visual and auditive reaction time and cognitive evoked

potentials.

Summarizing, we found that individuals felt more fatigued in test A and the disruption of
lifestyle changed the perception of fatigue on long term. We also found a significant
difference in the response of P300 latency after the application of ¢TBS in both tests,

apparently more relevant in fatigued vs non-fatigued volunteers.

4.1 Chalder Scale

Chalder Scale was the tool used to evaluate the volunteers’ perception of fatigue. Despite
the variability of activities and life stressors of which students are exposed to, it was chosen
to apply CS on the day of the study, as a 2-day follow-up and as a 4-week follow-up, as in

previous works investigating the effects of TMS.

Considering the cut-off value of 4 (23), it was found that preceding test A the median value
is 4, so volunteers can be considered fatigued — this is a meaningful result as the scores of
the test B were almost half. Looking at short term effects (2-day follow-up) it can be
observed a reduction of the perceived fatigue, a reduction that was not maintained. In test
B, the median value is 2, so volunteers cannot be considered fatigued. There was also

observed a reduction in the 2-day follow-up (1).

We found no significant difference between CSP before TMS application, on test A and on
test B, however there is a difference of 50% in the median between test A and B. It is

important to note that the median percentage of sleep on teste B was just 88%, reducing the
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comparison effect of test A and test B. Apart from that, there is a considerable variation of

quotidian, adding another undesirable variable.

It was found a significant correlation between CSP before TMS application on test B and the
2 days follow-up (p=0,012; rs=0,863), between CSP before TMS application on test B and
the 4 weeks follow-up (p=0,014; rs=0,857), and between the 2 days CSP follow-up on test
B and the 4 weeks follow-up (p=0,034; rs=0,791) which indicates that the non-alteration of
quotidian made CSP somehow predictable (26)(27).

The reduction of the perceived fatigue on the 2 days follow-up was 50% on both test A and

on test B.

Overall, the population at which the study was applied may not be the best, because of the
irregularity in the daily lives of UBI medical students — the scale was applied after holidays
or exams, weeks with more or any classes. This counteracts the short-term analysis, because

it was almost always applied in the weekend, making it more consistent and significant.

4.2 Verbal fluency test

Mental fatigue can be seen as cognitive impairment. (30) Verbal fluency test can be used to
evaluate mental fatigue (10), so the objective of the study was to look at which degree it
could be said that there is a relation between fatigue and performance on the verbal fluency
test in test A and test B. As said before, it is known that there is an inverse relation between
fatigue and VFP.

The overall performance was better on day B, indicating that some sleepiness associated
with physical effort might induce a certain sort of fatigue, as expected when developing our
protocol. However, there was not a major difference between VFP before test A and test B,

making the effect of fatigue unclear, as said before.

It is also important to reinforce that the fatigue protocol designed for this study (test A)

sought to evoke mild, not extreme, fatigue to guarantee the safety of the volunteers.
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4.3 Near-Infrared Spectroscopy

At the beginning of a driving task there is an increase on the cerebral oxygenation, but the
inference relation is seen in the end of it. (31) The realization of a moderate-intensity aerobic
exercise is expected to increase both HbO2 and HHb values (peak value in 20 minutes after
beginning of exercise), on both sexes, but the difference between sexes is just significant in
HHD’s values. (32)

In our sample, there was no correlation between NIRS results and CSP results, which attest

that it might not be a useful tool for studying perceived fatigue.

Apart from the reduced sample, it was not considered the volunteers’ sex while studying the

values of NIRS (also due to sample characteristics). (32)

4.4 Visual reaction test

Visual reaction time is intrinsic related with the central nervous system’s processing
capacity. (33) As said before, after a period of exercise there is a decrease of reaction time
(24), but after a period of mental fatigue, as result of parasympathetic activity, there is an
increase of reaction time. (33) Curiously, an increase in hours of sleep has a negative impact

in RT; there seems to be a negative impact in RT when sleeping less hours. (29)

Despite male medical students have faster reaction times than female colleagues (34), the

present study did not considered sex differences, due to the characteristics of the sample.

In this study was observed a higher mean on test A before TMS (271.71 ms) than the one in
the validation study (269.050 ms) which had 35 hours of sleep deprivation. (25) But, the
same was not verified on test B before TMS (268.71 ms). Considering that in test A were
introduced two variables that point in different directions (exercise and sleep deprivation),

the effect of sleepiness might be more important than what was observed.

As expected, it was found a marginal negative correlation between RT and the number of
hours slept on test B (p=0.058; rs=-0.739). The augment of the reaction time also observed
with an increase of hours of sleep might indicate that there exist an optimal range of hours

of sleep, in terms of visual reaction time.

29



Exhausted

On both test A and test B it was observed an increase of the median value of RT, after cTBS
application. The variability in the mean value is congruent with what was found on previous

studies. (18)

4.5 Cognitive evoked potentials

Cognitive evoked potential N100 is intrinsically related with the primary auditive cortex.
N200 and P300 are associated with maintenance of attention among other things. (35)
Prolonged latency of both N200 and P300 were associated with moderate and severely

fatigued individuals (36).

Acute physical exercise is somehow capable of reducing ERP’s latency and augmenting
P300 amplitude, but those finds are limited and is difficult to draw definitive conclusions

(37) and in the present study to objectify any specific effect.

After application of ¢TBS it was observed an increase on the latency of N200 and P300, on
both test A and test B. In a previous study of Pinto et al. (2018) it was also observed a delay
of P300 after cTBS. (18) After application of cTBS, latency of P300 - Pz on test A was more
prolonged on test B.

An increase of P300 latency seems to represent a cognitive processing struggle (38),
possibly due to abnormal changes in acetylcholine and dopamine concentrations related to

TBS. especially in the more fatigued brain. (17)

4.6 Follow-up and adverse effects

There was not registered any side effect of ¢TBS, neither during sessions, 2-days follow-up
nor 4-weeks follow-up, which indicates that the protocol applied can be used in future

studies.
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4.7 Study limitations

Considering the sample we studied, there are 2 major problems — it was very reduced (n=7)

and female individuals were clearly predominant (n=6).

Carrying out TMS required no coffee to be ingested 12 hours before the sessions, which
accounting that test B would be unchanged, an important stimulant was removed and
therefore there was some induction of fatigue, which is not being taken into consideration
— so daily coffee intake should have been analyzed and a limit established according to the
possibility of addiction. Even though TMS was applied in 2 sessions it was not clear the
effect it had on the fatigue, and vice versa, because of the irregularity on the volunteers’ daily

lives.

It was taken in consideration the number of hours the volunteers slept the night before, but

not the number of hours the volunteers were awaken.

Furthermore, it would have been important to measure the recovery heart rate, trying to
understand to which extent the cardiovascular response adjusts to the aging of the

cardiovascular system, and therefore to fatigue.

4.8 Future considerations

For future studies it would be important to apply this methodology to a population with a
more stable quotidian, as it could make it easier to analyze with higher reliability the effects

of inducing fatigue.

Another changing feature of the study would be the application of a depression evaluation
scale — as it could be used to explore the effects of depression on certain biological
parameters as well as taking in consideration fatigue as an important differential diagnosis
of depression. It would have been important to make a follow-up of fatigue one week before
the test to see if the sleep fluctuation is important to the perceived fatigue. Apart from that
it would be important to use/ create a scale that allowed to study tiredness as a spectrum

(not just fatigued vs non-fatigued individuals), making it more reliable for research studies.

As considered very common in the general population and having an important impact on
the study of fatigue, for future research could be crucial to apply a scale of anxiety and

depression, as it could make clearer the effect of those two entities.
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Despite being the most used letters in the phonemic verbal fluency test in the Portuguese
language, those may not be the most convenient ones, as some authors defend that Q, T and
P are the ones that may possibly be the best discriminate between the existence or not of
cognitive decline (10). It would be also interesting to study the importance of applying the

methodology of using the “new words” for seeking fatigue induced activities.

Looking to NIRS, it should be used as a tool for measuring momentaneous fatigue in future
studies, so while provoking cognitive fatigue the variation of HBB and HbO, could be
measured, and we could analyze the extent to which autoregulation is, or a limiting factor
to study fatigue, or a fatigue cut-off value. This same methodology could have been applied

to verbal fluency test and visual reaction test.

Looking at the visual reaction test, volunteers commented that in the second time doing it
they felt as having better results because they had already experienced it. So, for future
studies it might be important to consider the values given by a second encounter, or to study
at which extent this second time improvement might be true/ significant. In terms of
protocol, physical exercise and sleep deprivation counteract, so inducing cognitive and
physical fatigue might have reduced the importance of RT as a tool to measure prolonged

fatigue.

If used s2P to the evaluation of sleepiness, it would be important to study the number of
false starts, as they are more common in sleepy-state conditions. (25) Also, because of the
difficulty to evaluate volunteers at the exact same condition, it would be important to

evaluate RT during a regular day.
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Chapter 5

Conclusion

The present study intended to evaluate the effects of inducing fatigue with ¢TBS application

and evaluate quantitatively the fatigue induced, in healthy volunteers.

We observed that verbal fluency test performance, both overall and the number of new
words, may be used to look for tiredness. Reaction visual time may also be negatively
affected by fatigue. It was also concluded that ERPs might have important roles in studying
cognitive impairment associated to fatigue. Due to limitations of our sample, results
presented must be read with caution and studies with more volunteers are clearly needed.
Future investigations on biological markers of fatigue are incredibly important for the

application of them in subsequent guidelines or studies protocols.

In conclusion, the use of ¢cTBS might have a stronger effect on fatigued individuals vs non-
fatigued ones. Application of cTBS on different populations (healthy and not healthy) and
different professions, in a bigger scale, may be important to understand the utility of this
protocol. Due to the absence of negative effects of this protocol, it should be used to further
understand the mechanism behind fatigue among others, so that they can be prevented or

treated more efficiently.
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Appendices

I — Consentimento Informado

Antonio Alejandro Villasana De Abreu, aluno do Mestrado Integrado em Medicina da
Faculdade de Ciéncias da Satide da Universidade da Beira Interior, a realizar um trabalho
de investigacdo no ambito da Tese de Mestrado, subordinada a tese “Exhausted” vem

solicitar a sua colaboracao neste estudo.

O estudo incide sobre uma amostra de voluntarios com idades entre os 18-30, inclusive,
pertencentes a populacao de alunos da Faculdade de Ciéncias da Satide da Universidade da
Beira Interior, que nao receberao nenhum beneficio pela participacdo no estudo. Sao

critérios de exclusdo para o mesmo:

- Individuos portadores de elementos metalicos na regiao do cranio (excluindo regiao oral);
- Antecedentes pessoais de convulsoes ou crises epiléticas;

- Diagnostico de patologia neurolégica, cardiaca, respiratoria ou psiquiatrica major;

- Patologia que provoque aumento da pressao intracraniana;

- Cirurgia neuroldgica prévia;

- Confirmacao ou suspeita de gravidez;

- Individuos sob medicacao que reduza o limiar convulsivante, sem toma concomitante de

anticonvulsivante;
- Alcoolismo ou uso de drogas ilicitas;
- Dormir menos de 6 horas ou mais de 11 horas diarias;

- Realizacdo de mais de 300 minutos de exercicio aerobio e mais de 3 sessoes de exercicio

de forca, por semana.

De forma resumida, o estudo consiste na divisdo dos voluntarios em 2 grupos de sujeitos
que serao expostos a estimulacdo magnética transcraniana ou a estimulacdo placebo.
Previamente, serdo procedidos a exames na invasivos de medicao de fadiga. Apos a

estimulacao, estas serao novamente aplicadas.
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Ao todo, a intervencao tera um total de cerca de 90 minutos, por sessao — um total de 180

minutos nas duas sessoes.

Este estudo mereceu parecer favoravel da Comissao de Etica.

O/a voluntario/a foi informado/a acerca dos riscos e possiveis efeitos secundarios
associados a técnica aplicada, que sao os seguintes, de acordo com o consenso de seguranca

para a EMT — Rossi et al, 2009:

- Ruido junto do ouvido durante a aplicacdo dos pulsos magnéticos que alguns sujeitos

podem considerar desagradavel

- Convulsoes (raro - apenas 1 caso reportado desde 2005, num sujeito com privacao de sono

e estimulacdo com intensidade superior ao protocolado)

- Sincope (como epifend6meno, nao relacionado com o efeito cerebral direto)

- Cefaleia transitéria ocasional

- Desconforto local (escalpe, dentes ou pescoco) transitorio

- Parestesias transitorias no hemicorpo contralateral e dependendo do local de estimulacao

Por favor, leia com atencao a seguinte informacao. Se achar que algo esta incorreto ou que
nao esta claro, nao hesite em solicitar mais informacoes. Se concorda com a proposta que

lhe foi feita, queira assinar este documento.

Assinatura do responsavel:

Eu, , nascido a
/ / , natural de , residente em
, distrito ,enacional de , declaro ter lido

e compreendido este documento, bem como as informacgdes verbais que me foram
fornecidas pela pessoa que acima assina. Foi-me garantida a possibilidade de, em qualquer
altura, recusar participar neste estudo sem qualquer tipo de consequéncias. Desta forma,
aceito participar neste estudo e permito a utilizacdo dos dados que de forma voluntaria
forneco, confiando em que apenas serao utilizados para esta investigacao e nas garantias de

confidencialidade e anonimato que me sao dadas pelo/a investigador/a.
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Assinatura do voluntério:

Covilha, / /
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II — Questionario aos Voluntarios

As perguntas a seguir apresentadas serviram como base ao forms utilizado.
Codigo:
Sexo: Femininoo  Masculino o

Profissio:

Escolaridade:

1. Alguma vez sofreu de algum destes sintomas (preencha em caso
afirmativo)?

Sincopes o Disestesias o

Palpitacoes o Parestesias o

Tonturas o Alteracgoes da visao o

Cefaleiaso  Alteracoes da fala o

Convulsoes ou outras crises epiléticas O

Alteracoes da forca o

Acufenos/zumbidos/problemas auditivos o

Outro(s) o -

Se preencheu algum parametro, por favor responda as seguintes questoes, especificando
qual dos sintomas a que se refere:

Em que circunstancias ocorreu o episodio?

Quanto tempo decorreu desde a iltima sintomatologia?

Com que frequéncia (diario/semanal/mensal/ anual)?

Quanto tempo costumam durar os episédios?

Ja consultou um médico, pelas condicoes acima referidas?

Simo Naoo
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Em caso de resposta afirmativa:

Qual o diagnostico final?

2. Sofre de alguma patologia cardiaca, respiratoria ou neuroldgica/
psiquiatrica?

Sim o Nao o

Em caso de resposta afirmativa:

Qual?

3. Ja lhe foi diagnosticada algum outro tipo de doenca, que nao referida
anteriormente?
Simo Naoo

Em caso de resposta afirmativa indique qual(ais):

4. Ja teve algum episddio de traumatismo craniano?
Sim o Nao o

Em caso de resposta afirmativa:

Quando?

Em que circunstancia?

Existiram complicacoes ap6s o traumatismo?

Em caso de resposta afirmativa:

O que lhe foi diagnosticado?

Continua a ser acompanhado(a) por algum médico?

5. Ja alguma vez foi submetido a alguma cirurgia?
Sim o Nao o
Em caso de resposta afirmativa:

Qual foi a causa?

Surgiu algum tipo de complicacoes durante o processo (pré, durante e pos

cirurgia)?

Em caso de resposta afirmativa:
Qual (ais)?
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6. Faz, atualmente, alguma medicacao?

Simo Naoo

Qual? Causa:
Qual? Causa:
Qual? Causa:

7. Tem algum tipo de proétese metalica? (no cérebro, implantes cocleares,
neuroestimulador, pacemaker ou linhas cardiacas, aparelho de infusao
de medicacao).

Simo Naoo

Em caso de resposta afirmativa:

Onde?

8. Tem alguma derivacio ventricular ou medular?

Simo Naoo

9. Usa aparelho dentario?

Simo Naoo

10. Usa piercings?

Simo Naoo

Em caso de resposta afirmativa:
Onde?

11. Esta gravida ou tem possibilidade de estar gravida?

Simo Naoo

12. Tem-se sentido deprimido(a), em baixo, sem motivacao, nas altimas
duas semanas?

Simo Naoo

13. Ja fez RMN-CE ou medular alguma vez?

Simo Naoo

14. Ja fez ETM alguma vez?

Simo Naoo
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15. Qual o seu membro dominante?
Direito o
Esquerdo o

Ambidextro o

16. Quanto aos seus habitos
16.1 Na altima semana, quantas horas dormiu por noite?
>11h o

1oha1iho

ohaioho

8haogho

7h a 8h o

6ha7ho

sha6ho

ghasho

<4h o

16.2 Na ultima semana, quantos dias saiu a noite?
(o )m

1o0u20

3ou4n

50u6D

70

16.3 Consome alcool?

Sim o Nao o

Em caso afirmativo responda aos dois pontos abaixo,
Diariamente o

Semanalmente o

Ocasionalmente o

O que consome/consumiu e em que quantidades:

16.4 Consome drogas?
Simo Naoo

Em caso afirmativo responda aos dois pontos abaixo,
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Diariamente o
Semanalmente o
Ocasionalmente o

O que consome/consumiu e em que quantidades:

16.5 Consome tabaco?
Simo Naoo
Em caso afirmativo, consome mais de um maco de tabaco por dia?

Simo Naoo

16.6 Quantos minutos de exercicio aerébico pratica por semana, em média?

0 minutos O

0 a 60 minutos O

60 a 120 minutos O
120 a 180 minutos O
180 a 240 minutos O
240 a 300 minutos O

>300 minutos O

16.7 Quantos sessoes de exercicio de forca pratica por semana, em média?

00
10
20
30
>3 0

16.8 Consume cha, café ou outras bebidas que contenham substincias
estimulantes (cafeina, teina, taurina, entre outras) e em que quantidades? Se

for consumo esporadico, nao considerar.
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Assinatura do responsavel:

Assinatura do voluntério:

Covilha, / /
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II.a — Questionario aos Voluntarios

Nome:

Data de nascimento: / /
Naturalidade:

BI/ cartado de cidadao:

Codigo:

A informacao cedida no questionario de voluntarios preenchido é para uso exclusivo do
projeto e todas as respostas dadas serao mantidas em extrema confidencialidade e s6
serdo ligadas ao nome da pessoa em casos de dilvida ou esclarecimento de alguns

parametros.

Assinatura do responsavel:

Assinatura do voluntério:

Covilha, /_ /
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III — Instrucoes preparatodrias

Caro participante, de forma a garantir os resultados mais fidedignos na investigacao em

curso, pede-se que na véspera da realizacao dos testes sigas as seguintes instrugoes:

1. Nao beber cha, café ou outras bebidas que contenham substancias estimulantes
(cafeina, teina, taurina, entre outras) nas 12h prévias a realizacdo dos exames

2. Nao consumir alcool nas 24 horas anteriores aos exames

3. No dia do exame, lavar o cabelo e nao aplicar laca, gel ou espuma no cabelo

Na véspera do teste A devera ser procedida a uma reduc¢io dos habitos noturnos em 20%, e
na véspera do teste B nao se devera proceder a nenhuma alteracao. Ainda se pede que para

o dia do teste A traga roupa e calcado confortavel para a realizacao da marcha.
Obrigado pela sua ajuda.

Os melhores cumprimentos,

A equipa de investigacao
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IV — Inquérito do dia de estudo

Cadigo:

Na altima noite, quantas horas dormiu?
>11th o

1oha1iho

ohaiohno

8haoghno

7ha8h o

6ha7ho

5ha6ho

ghasho

<4h o

Explicite o namero de horas:

Na ultima semana, quantas horas dormiu por noite?
>11th o

1oha1iho

ohai1oho

8haoghno

7ha 8h o

6ha7hno

sha6ho

4hasho

<4h o

Explicite o namero de horas:

Na altima semana, quantos dias saiu a noite?
oo

1ou2n

3ou4n

50u60

70
Consumiu alcool nas ultimas 24h? Sim o Nao o
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Consumiu cha, café ou outras bebidas que contenham substincias
estimulantes (cafeina, teina, taurina, entre outras) nas ultimas 12horas? Sim o
Nao o

A qualidade do sono foi sobreponivel a desta semana? Sim o Nao o

Se nao, explicite de que forma:
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V — Teste de fluéncia

Codigo:

Pré TMS

P6s-TMS

Pré TMS

P6s-TMS

Pré TMS

Pés TMS
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Total

M

P

R

Pré TMS

Po6s-TMS

Pré TMS

Po6s-TMS

Pré TMS

Po6s TMS

Novas pos:

Novas pos:

Novas pos:

Assinatura do responsavel:

Covilha, /

J—
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Annexes

I — Parecer da comissao ética

% ,,5 UNIVERSIDADE DA BEIRA INTERIOR

FACULDADE DE CIENCIAS DA SAUDE

PARECER

Processo: CE-FCS-2011-001
Data entrega processo: 30/08/2011
Data conclusio processo: 13/12/2011

Tema Projecto/Proponente: “Estudo das respostas neuropsicolégicas e neurofisioldgicas
cerebrais, em sujeitos normais, associadas a aplicagio de campos magnéticos cerebrais” -
Prof®. Doutora Maria Assun¢do Vaz Patto

Exma. Sra. Presidente da Faculdade de Ciéncias da Saude

Apreciado o pedido referente ao processo acima mencionado esta Comissdo nio detectou

matéria que ofenda os principios éticos.

Covilha, 11 Janeiro 2012

Co

O Preg'r@ﬁt da Comissdo de Etica __———0 Vice-Presidente da Comisso de Etica
Prof. Doutor José Martinez de Oliveira Prof. Doutor Joaguim Viana

Faculdade de Ciéncias da Satde -Av. Infante D. Henrique - 6200-506 Covillia - Portugal * & (+351) 275 329 002 * Telofax (+351) 275 329 099 1
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IT — Escala de Chalder

Codigo:

Em relacdo as duas tltimas semanas, por favor, marque com x as condicoes, de acordo com

as opcoes ao lado.

. . Nunca | Raramente | As vezes Sempre
Fadiga Fisica
0] 1 2 3

Eu cansei-me facilmente

Precisei de descansar mais

Estive sonolento

Nao consegui comecar nada

Estive com falta de animo

Senti menos forca muscular

Senti-me fraco

Fadiga mental

Tive problemas de concentragao

Tive dificuldade para pensar de

forma clara

Tive dificuldade para encontrar a

palavra certa

Tive problemas de memoria

Assinatura do responsavel:

Covilha, _/_/
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