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RESUMO

A fibromialgia (FM) ¢ uma condicdo de dor cronica primaria, definida por dor
musculoesquelética generalizada, distirbios do sono, disfungdes cognitivas e outros
problemas autonémicos. Além disso, estd associada a sofrimento psicologico, incluindo
catastrofismo e sintomas depressivos, que podem agravar o prognéstico e a incapacidade.
Atualmente, observa-se uma alta prevaléncia de excesso de peso em pacientes com
fibromialgia, cerca de 70%, impactando negativamente no curso e progndstico da doenca,
eleva os custos de saude e compromete a qualidade de vida desses pacientes. Existem
evidéncias que sugerem possiveis vias fisiopatologicas compartilhadas entre a FM e a
obesidade, incluindo aspectos relacionados ao comportamento alimentar. Sabe-se que a
neurotransmissdo dopaminérgica estd alterada em ambas as condi¢des e, alguns
polimorfismos dopaminérgicos podem influenciar a disponibilidade ou a funcionalidade
dos produtos génicos relacionados. Entre as opg¢des ndo farmacoldgicas para o manejo da
dor e do comportamento alimentar disfuncional, a estimulagdo cerebral ndo invasiva, como
a estimulagdo transcraniana por corrente continua (ETCC), desempenha um papel
importante. Esta técnica aplicada em diferentes sitios de estimulagdo, como o cortex pré-
frontal dorsolateral (DLPFC) e o cortex motor primario (M1) ndo apenas demonstrou
eficdcia na reducdo dos sintomas depressivos, mas também no controle dos sintomas da
fibromialgia. Isso inclui a diminui¢do dos niveis de dor, melhoria da funcdo cognitiva e
aumento da capacidade funcional para atividades diarias. Além disso, estudos de pequena
escala sugerem seu potencial efeito em aumentar a resisténcia a alimentos hiperpalataveis,
contribuintes para o excesso de peso. O polimorfismo TaqlA alelo Al (rs1800497) no
gene do receptor D2 da dopamina pode afetar os dominios do comportamento alimentar e
hipotetizamos que possa desempenhar um papel na resposta individual a ETCC, devido ao

seu papel no sistema dopaminérgico.

Portanto, este estudo visa investigar como a ETCC aplicada no cortex pré-
frontal dorsolateral (DLPFC) e no cortex motor primario (M1) afeta aspectos
homeostaticos e hedonistas do comportamento alimentar em mulheres com FM,
considerando a influéncia desse polimorfismo. Métodos: O estudo 1, exploratorio, incluiu

106 mulheres com diagndstico de fibromialgia (30 a 65 anos), divididas em dois grupos
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com base na presenca do alelo Al no polimorfismo TaqlA (rs1800497): Al+ (n = 42) e
Al- (n = 64). O food craving foi avaliado através do State and Trait Food-Cravings
Questionnaires (FCQ-estado e FCQ-traco), os dominios do comportamento alimentar por
meio do Three Factor Eating Questionnaire (TFEQ-R21), a psicopatologia alimentar
através do Eating disorder Examination (EDE-Q) e a percepcdo de saciedade foi avaliada
em uma escala de 0 a 10. Também se avaliou medidas antropométricas (peso e
circunferéncia abdominal), a presenca do polimorfismo TaQ1lA e niveis séricos de BDNF.
O estudo 2 incluiu 102 pacientes com fibromialgia com idades entre 30 e 65 anos,
distribuidas randomicamente em um dos quatro grupos de ETCC usando uma propor¢ao de
2:1:2:1. Os grupos incluiram e-DLPFC (a-ETCC, n=34) e (s-ETCC, n=17), ou ETCC no
M1 (a-ETCC, n=34) ou (s-ETCC, n=17). As pacientes autoadministraram 20 sessdes de
ETCC, com 2mA por 20 minutos 5x/semana, sob supervisdo remota apds treinamento
presencial. Os dominios do comportamento alimentar foram avaliados por meio do Three
Factor Eating Questionnaire (TFEQ-R21) e o food craving através do State and Trait Food-
Cravings Questionnaires (FCQ-S e FCQ-T) e de forma secundaria avaliamos medidas
antropométricas como peso e circunferéncia abdominal. Resultados: Os resultados do
estudo 1 mostraram que os individuos portadores do alelo A1 (Al+) no polimorfismo
TaqlA (rs1800497) apresentaram maior gravidade nos scores de food craving associados
aos sintomas da fibromialgia, como sintomas depressivos, sensibilizacdo central e
incapacidade relacionada a dor, destacando a interagdo entre o craving, a alimentagdo
disfuncional e a gravidade dos sintomas associados a FM. O estudo forneceu uma estrutura
que integra sintomas da FM, neuroplasticidade e sinalizagdo dopaminérgica para
compreender a alta prevaléncia de excesso de peso nessa populagdo. Os resultados do
estudo 2 comprovam a eficacia da ETCC domiciliar autoaplicada sobre o DLPFC esquerdo
ou M1 na melhoria de varios dominios do comportamento alimentar, incluindo restri¢do
cognitiva, descontrole alimentar e alimentacdo emocional. Além disso, considerando a
influéncia dos sintomas da FM, apenas o grupo que recebeu estimulagdo em Ml
apresentou melhora nos padrdes de Food Craving apds a intervencdo, sugerindo que a
eficacia da ETCC na redugdo do Food Craving esta ligada a gravidade dos sintomas da

fibromialgia.

Os achados dos estudos que fazem parte da presente tese abrem caminho para ensaios
clinicos maiores que explorem os efeitos da ETCC domiciliar em diferentes sitios de
estimulacdo e/ou em combinacdo com outras abordagens terapéuticas, incluindo terapia
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de aconselhamento nutricional, terapia cognitivo-comportamental, programas de
exercicios fisicos e tratamentos farmacolégicos no futuro. O estudo 2 destaca o potencial
terapéutico das intervengdes destinadas a reequilibrar o sistema motivacional da
dopamina e a melhora da sintomatologia associada a FM, através da indugdo de
neuroplasticidade bem-adaptativa promovida pela ETCC domiciliar, visando tratar o
ganho de peso e a obesidade comorbida a fibromialgia. Ainda, padronizamos o protocolo
para o uso do equipamento de ETCC domiciliar (estudo 3), estabelecendo diretrizes claras
para seguranca, educacdo do usudrio, padronizag¢do e controle de qualidade. O protocolo
inclui detalhes sobre as caracteristicas do dispositivo, posi¢cdes dos eletrodos, protocolos
de estimulacdo, treinamento do usudrio; e abordagens para monitorar o cumprimento do
protocolo. Acreditamos que um protocolo estruturado de ETCC domiciliar pode

contribuir significativamente para o avango das praticas de neuromodulagao.

Palavras-chave: Fibromialgia, Food Craving, DRD2 Taql A, Estimulacdo Transcraniana

por Corrente Continua.



ABSTRACT

Fibromyalgia (FM) is a chronic pain condition defined by widespread musculoskeletal
pain, sleep disturbances, cognitive dysfunction, and other autonomic problems. It is
associated with psychological distress, including catastrophizing and depressive
symptoms, which can worsen prognosis and disability. Currently, the prevalence of
overweight in patients with FM is approximately 70%, which negatively impacts the
course and prognosis of the disease, increases healthcare costs, and compromises the
quality of life of these patients. Evidence suggests possible shared pathophysiological
pathways between FM and obesity, including aspects related to eating behavior.
Dopaminergic neurotransmission is altered in both conditions, and some dopaminergic
polymorphisms may influence the availability or functionality of related gene products.
Non-invasive brain stimulation techniques, such as transcranial direct current stimulation
(tDCS), are key non-pharmacological options for managing pain and disordered eating
behavior. tDCS can be applied to different stimulation sites, such as the dorsolateral
prefrontal cortex (DLPFC) and the primary motor cortex (M1), and has demonstrated
efficacy in reducing depressive symptoms and controlling the symptoms of fibromyalgia.
Specifically, its effects include decreased pain levels, improved cognitive function, and
increased functional capacity for daily activities. Furthermore, small-scale studies have
suggested that tDCS can increase resistance to hyperpalatable foods, which contribute to
excess weight. The TaqlA allele Al polymorphism (rs1800497) in the dopamine D2
receptor gene may affect domains of eating behavior, and we hypothesized that it plays a

role in the individual response to tDCS because of its role in the dopaminergic system.

Therefore, this study aimed to investigate how tDCS applied to the DLPFC and M1
impacts homeostatic and hedonic aspects of eating behavior in women with FM,
considering the influence of this polymorphism. Methods: Study I was an exploratory
study that included 106 women (30 to 65 years old) diagnosed with fibromyalgia. The
participants were divided into two groups according to the presence of the Al allele in the
TaqlA polymorphism (rs1800497): Al+ (n = 42) and Al— (n = 64). Food craving was
assessed with the State and Trait Food Cravings Questionnaires (FCQ-state and FCQ-
trait), the domains of eating behavior were assessed with the Three Factor Eating

Questionnaire (TFEQ-R21), eating psychopathology was assessed with the Eating
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Disorder Examination (EDE-Q), and perception of satiety was evaluated on a scale from 0
to 10. Anthropometric measurements (weight and waist circumference), the presence of
the TaQlA polymorphism, and serum brain-derived neurotrophic factor (BDNF) levels
were also evaluated. Study 2 included 102 fibromyalgia patients aged 30 to 65 years who
were randomly assigned to one of four tDCS groups in a 2:1:2:1 ratio. The groups
consisted of e-DLPFC (a-tDCS, n = 34 and s-tDCS, n = 17) and tDCS applied to M1 (a-
tDCS, n = 34 or s-tDCS, n = 17). The patients self-administered 20 sessions of tDCS at 2
mA for 20 minutes 5 times per week under remote supervision after in-person training.
The eating behavior domains were assessed with the TFEQ-R21, and food craving was
assessed with the FCQ-S and FCQ-T; in addition we evaluate anthropometric
measurements, such as weight and waist circumference. Results: The results of Study 1
showed that individuals carrying the Al allele (Al+) in the TaqlA polymorphism
(rs1800497) presented greater severity in food craving scores associated with fibromyalgia
symptoms, such as depressive symptoms, central sensitization, and pain-related disability,
highlighting the interaction between craving, disordered eating, and the severity of
symptoms associated with FM. The study provides a framework that integrates FM
symptoms, neuroplasticity, and dopaminergic signaling to elucidate the high prevalence of
overweight in this population. The results of Study 2 indicate the effectiveness of self-
applied home tDCS on the left DLPFC or M1 in improving several domains of eating
behavior, including cognitive restriction, uncontrolled eating and emotional eating.
Furthermore, considering the influence of FM symptoms, only the group that received
stimulation in M1 showed an improvement in Food Craving patterns after the
intervention, suggesting that the effectiveness of tDCS in reducing Food Craving is linked

to the severity of fibromyalgia symptoms.

The findings of these studies pave the way for larger clinical trials that explore the
effects of home-based tDCS at different stimulation sites and/or in combination with other
therapeutic approaches, including nutritional counseling therapy, cognitive behavioral
therapy, physical exercise programs, and pharmacological treatments, in the future. Study
2 highlights the therapeutic potential of interventions aimed at rebalancing the dopamine
motivational system and improving symptoms associated with FM through the induction
of neuroplasticity promoted by home tDCS to treat weight gain and obesity comorbid with
fibromyalgia. Furthermore, we standardized the protocol for the use of home tDCS

equipment (study 3), establishing clear guidelines for safety, user education,
10



standardization and quality control. The protocol includes details on device characteristics,
electrode positions, stimulation protocols, user training; and approaches to monitoring
protocol compliance. We believe that a structured home tDCS protocol can significantly

contribute to the advancement of neuromodulation practices.

Keywords: Fibromyalgia, food craving, DRD2 TaqlA, transcranial direct current

stimulation.
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1. INTRODUCAO

O excesso de peso tem um impacto negativo na progressdo € no progndstico de
pacientes com dor cronica, acarretando custos adicionais para o sistema de saude e
comprometendo a qualidade de vida (Neumann, Lerner e Glazer, 2008). Pesquisas recentes
exploram a ligacdo entre fibromialgia e obesidade, identificando possiveis vias fisiopatoldgicas
compartilhadas e influéncias no comportamento alimentar (ELKFURY et al., 2021; OKIFUJI;
HARE, 2015; SOMINSKY; SPENCER, 2014; WRIGHT et al., 2010; YUNUS; ARSLAN; ALDAG,
2002). O comportamento alimentar ¢ controlado por mecanismos homeostaticos e hedonicos. O
primeiro ¢ regulado pelo hipotadlamo, monitorando o metabolismo, a fome e a saciedade,
enquanto o segundo, governado pelo sistema de recompensa, envolve estruturas cerebrais que
influenciam a motivagdo relacionada a recompensa. A via mesocorticolimbica, por meio da
regulagdo dopaminérgica, desempenha um papel motivacional no comportamento alimentar. A
dopamina ¢ essencial para os efeitos gratificantes da recompensa (VOLKOW; WANG; BALER,
2011), uma vez que as vias dopaminérgicas mesolimbicas sdo cruciais nos processos de

recompensa e refor¢o (VOLKOW; WISE; BALER, 2017).

Recentemente foi demonstrado que alimentos hiperpalativeis desencadeiam esses
mecanismos de forma mais intensa (EDWIN THANARAJAH et al., 2023) comparado a outros
alimentos, e que o intenso desejo por esses alimentos, chamado “food craving”, estd associado a
obesidade (YEH et al., 2016). Estudos anteriores propuseram ndo apenas o envolvimento da
ansiedade e da catastrofizacdo ao mediar a relacdo entre dor crénica e alimentagdo emocional
(EMAMI et al., 2016; JANKE et al., 2016), mas também a utilizacdo, com maior frequéncia, deste
dominio do comportamento alimentar disfuncional como estratégia mal-adaptativa de
enfrentamento a dor e ao estresse cronico (GROESZ et al., 2012; JANKE et al, 2016;

O’LOUGHLIN; NEWTON-JOHN, 2019). Também se observam alteracdes na neurotransmissao



dopaminérgica na fibromialgia, incluindo possiveis aumentos na sensibilidade ou densidade dos
receptores D2 de dopamina (DRD2) (MALT et al., 2003). Os polimorfismos genéticos, como o
TaqlA (rs1800497) no gene do DRD2, estdo associados a maior ingestdo calorica e podem
influenciar o refor¢o alimentar (EPSTEIN er al., 2004). Ainda, individuos portadores do alelo A1l
desta variante genética possuem menor disponibilidade de DRD2 e podem apresentar maior
consumo de alimentos hiperpalataveis (ARIZA et al., 2012; COLLINS; FRANK, 2014; STICE et al.,

2008).

Em alternativa a anormalidades na sinalizacdo dopaminérgica, técnicas
neuromodulatérias, como a estimulag¢do transcraniana por corrente continua (ETCC), tém se
destacado no tratamento do comportamento alimentar disfuncional. A ETCC pode reduzir o
desejo por alimentos hiperpalataveis, diminuir a ingestdo calérica e aumentar a saciedade
imediatamente apds a atividade fisica em pessoas com sobrepeso (FREGNI; PASCUAL-LEONE,
2007; GOLDMAN et al., 2011). Em individuos com fibromialgia, a ETCC sob o cértex motor
primério (M1) possui eficacia clinica no tratamento da dor (Pacheco-Barrios, 2020; Caumo,
2023), enquanto sua aplicagdo no cortex pré-frontal dorsolateral (DLPFC) esquerdo estd
associada a melhora dos processos cognitivos (BRUNONI ef al., 2013; SERRANO et al., 2022),
sintomas depressivos, capacidade funcional e na diminuicdo do uso de medicacdo analgésica
(BRIETZKE et al., 2020, MORENO et al., 2015; NEJATI; MAJIDINEZHAD; NITSCHE, 2022;

TEIXEIRA et al., 2023).

Uma vez que protocolos de ETCC mais longos possuem uma eficacia clinica maior, para
transpassar uma barreira que ¢ o fato de os pacientes precisarem ir consecutivamente aos
centros especializados, uma técnica a ser considerada ¢ a ETCC domiciliar, que possui baixo
custo, facil aplicagdo e um grande potencial terapéutico. Seu uso, por periodos prolongados,
encontra sustentagdo tedrica e uma série de vantagens, como prover o fornecimento do nimero

de sessdes necessarias para uma eficacia clinica, reduzir o tempo e o custo com transporte,
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facilitar o acesso aos pacientes com restrigdo de mobilidade e possibilitar autonomia para

realizacdo das sessdes conforme a rotina.

As alteracdes mal-adaptativas no sistema de recompensa, envolvendo disfungdes
dopaminérgicas e desregulacdo emocional, parecem ter um papel bidirecional na psicopatologia
da fibromialgia e da obesidade. Mudangas no comportamento alimentar ocorrem em ambas as
condi¢des e incluem caracteristicas fisiopatoldégicas comuns, como uma maior suscetibilidade
ao comportamento alimentar disfuncional e uma alterada percepcdo da dor, sintomas

depressivos e de ansiedade.

Considerando o exposto, mais pesquisas que possibilitem o desenvolvimento de
intervengodes terapéuticas para promover o equilibrio do sistema motivacional dopaminérgico
e/ou a melhora da sintomatologia associada a FM, se fazem necessarias para possibilitar uma
melhora global no comportamento alimentar desses pacientes, prevenindo ou tratando o ganho
de peso e a obesidade. Com esta perspectiva, este estudo visa esclarecer como os polimorfismos
genéticos afetam a resposta da ETCC no comportamento alimentar e nos sintomas da
fibromialgia, oferecendo uma visdo mais ampla das relagdes entre genética, neuromodulacdo e
satide em pacientes com fibromialgia. Dessa forma, esta tese teve como objetivo compreender o
processo fisiopatoldgico, inteirando aspectos genéticos relacionados ao comer disfuncional,
estado de neuroplasticidade e o efeito da ETCC domiciliar aplicada ao M1 e DLPFC esquerdo

no comportamento alimentar e nos sintomas da FM.

A tese estd estruturada conforme as normas do Programa de Pds-Graduacdo em
Medicina: Ciéncias Médicas da Faculdade de Medicina da Universidade Federal do Rio Grande
do Sul e deu origem a trés artigos. O estudo exploratorio foi sunbetido no periédico Nutritional
Neuroscience, o ensaio clinico foi publicado no peridédico Brain Stimulation e o protocolo para
o uso do equipamento de ETCC domiciliar foi submetido no periédico MethodsX.
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2. REVISAO SISTEMATIZADA DA LITERATURA

2.1 Estratégias de busca bibliogrdfica

Na revisdo da literatura, para estruturar o delineamento deste projeto, buscou-se suporte

em artigos de revisdo, estudos experimentais, observacionais e ensaios clinicos randomizados.

Para localizé-los, foi adotada a estratégia de busca nas bases de dados PubMed, SciELO e

EMBASE. Os descritores chave utilizados para a busca foram: 1) Fibromyalgia (Fibromialgia),

2) Eating Behavior (Comportamento alimentar) 3) Estimula¢do Transcraniana por Corrente

Continua (Transcranial Direct Current Stimulation) 4) Polimorfismo TaqlA (polymorphism

TaqlA), bem como as suas combinagoes.

A tabela 1 sumariza a estratégia de busca das referéncias bibliograficas sobre as bases

que fundamentam os objetivos do estudo:

PALAVRAS-CHAVE

Tabela 1. Estratégia de busca de referéncias bibliogrdficas.

Descritor Pubmed Embase SciELO
(Fibromyalgia) AND (Transcranial Direct Current 89 43 2
Stimulation)
(Fibromyalgia) AND (Eating Behavior) 36 28 1
(Fibromyalgia) AND (Transcranial Direct Current 0 0 0
Stimulation) AND (polymorphism TaqlA)

Da busca pelos termos selecionados e suas combinagdes selecionou-se 224 artigos, incluindo

metanalises, revisdes e ensaios clinicos, os quais foram utilizados para compilar a revisao da

literatura desta tese.
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2.2 Fibromialgia (FM)

2.2.1 Aspectos epidemioldgicos

A dor crénica faz parte das doengas cronicas ndo transmissiveis (DCNT), definidas pela
Organizacdo Mundial de Saide (OMS) como enfermidades com longa laténcia, progressao
lenta, etiologia parcialmente compreendida, lesdes irreversiveis e complicagcdes que podem
levar a diferentes graus de incapacidade ou obito (NEUMANN; LERNER; GLAZER, 2008).
No Brasil, as DCNT tém um impacto significativo devido ao rapido crescimento, atribuido a
transicdo demografica, ao aumento da longevidade e ao envelhecimento da populagdo. Nesse
contexto, este estudo estd alinhado com os objetivos do Ministério da Saude, que langou o
“Plano de Agdes Estratégicas para o Enfrentamento das DCNT no periodo de 2011-2022”,

visando combater e reduzir as DCNT.

A fibromialgia (FM) ¢ uma condicdo que afeta mais de 5 milhdes de pessoas
anualmente nos EUA (LAWRENCE et al., 2008). A prevaléncia estimada da fibromialgia varia
de 1,7% a 5,4%, conforme os critérios da Sociedade Americana de Reumatologia, que foram
sendo modificados ao longo do tempo. Os critérios vigentes foram revisados em 2016 (DI
CESARE et al., 2016). Isso resulta em custos significativos, estimados em mais de 29 bilhdes
de dolares anualmente, devido ao tratamento médico e a aposentadoria precoce por
incapacidade (MARKKULA; KALSO; KAPRIO, 2016; WALITT et al., 2015). Na populacao
brasileira, a prevaléncia de FM varia em torno de 2%, com propor¢do entre os géneros de 1

homem para cada 5,5 mulheres (SENNA, 2013; SOUZA, 2018).

Além do 6nus da dor e da limitagdo funcional, a FM também foi associada a um maior
risco de acidente vascular cerebral, de acordo com um estudo de coorte realizado em Taiwan,

que incluiu 47.279 pacientes com FM (SU et al., 2015). Para os pacientes fibromialgicos sem
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outras comorbidades, o risco de acidente vascular cerebral ajustado foi de 1,44 em comparagao
aos controles (intervalo de confianga de 95% de 1,35-1,53). Outra comorbidade aliada a
fibromialgia, que destaca-se em estudos da ultima década, tem sido a obesidade (NEUMANN;
LERNER; GLAZER, 2008; OKIFUJI et al., 2010; SENNA; AHMAD; FATHI, 2013; WRIGHT

etal.,2010).

Com base nos dados de uma metanalise recente, a prevaléncia global de obesidade na
FM situa-se em torno de 35,7%, sendo que numeros mais elevados foram reportados nos
Estados Unidos (D’ONGHIA et al., 2021). Nos Estados Unidos, BENNETT et al., (2007),
encontraram uma elevada prevaléncia de sobrepeso (70%) e obesidade (43%) em seu estudo
com 2.569 individuos diagnosticados com FM e OKIFUII et al., (2010) observaram uma
prevaléncia de 30% de sobrepeso e uma taxa ainda mais alta de obesidade (47%) em uma
amostra de 215 pacientes com FM. Esses achados foram corroborados por NEUMANN et al.,
(2008) que identificaram uma prevaléncia de 45% de sobrepeso e 28% de obesidade em uma

amostra de 100 mulheres com diagnéstico de FM em Israel.

No contexto das mulheres brasileiras com FM, a prevaléncia de obesidade ¢
semelhante, situando-se em cerca de 41% (DE ARAUJO et al., 2015). Vale ressaltar que esses
indices de sobrepeso e obesidade na FM ultrapassam as taxas encontradas na populacao
mundial, que estima a obesidade em 14,9% entre mulheres (DI CESARE et al., 2016).
Adicionalmente, ¢ importante considerar que o tempo de doenca e a idade contribuem para uma

maior prevaléncia de obesidade comdrbida (SENNA et al., 2013).

De fato, a dor cronica ¢ mais prevalente em individuos com obesidade, ¢ a obesidade ¢
altamente prevalente em diferentes tipos de dor cronica, incluindo a FM (ALLEN et al., 2016;
WILSON et al., 2010). A literatura sugere que essas duas condi¢des sdo comorbidades
significativas, impactando-se negativamente uma na outra (OKIFUIJI ef al., 2015). Um estudo

de base populacional (WRIGHT et al., 2010) relatou que a obesidade foi associada a varios
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diagnésticos de dor, incluindo dor lombar, dores de cabeca e fibromialgia. A dor cronica ¢ uma
das principais razdes apontadas pelos pacientes obesos como contribuinte para o ganho de peso

(FRANSEN et al., 2002).

2.2.2 Aspectos conceituais e critérios diagnosticos

A fibromialgia (FM) ¢ uma condi¢do de dor cronica primaria que impde uma carga
substancial de sofrimento ao paciente, sua familia e ao sistema de satde. Caracteriza-se por dor
musculoesquelética generalizada, fadiga, alteracdes de sono, disfungdes cognitivas, sintomas
depressivos e outros problemas autondmicos, como sindrome do célon irritavel e tenesmo
vesical (DURUTURK et al., 2015). Além disso, estd associada a sofrimento psicologico,
incluindo catastrofismo e sintomas depressivos, que podem agravar o prognéstico e a
incapacidade mais do que em outras condi¢des de dor cronica (VERBUNT et al., 2008). A FM
¢ uma sindrome que envolve disfungdes no sistema nervoso central e periférico (CLAUW,

2014).

Segundo a Associagdo para o Estudo da Dor (IASP), a FM pertence ao grupo das dores
crOnicas primarias, conforme sua inclusdo no International Classification of Diseases (CID-11).
Sua inclusdo neste grupo deve-se ao fato de a dor acometer uma ou mais regides anatomicas,
estar associada com significativo estresse emocional, apresentar importante incapacidade
funcional para atividades da vida diaria e sociais, sem existir outra explicacdo. Na verdade,
trata-se de uma sindrome de dor cronica difusa, cujo mecanismo fisiopatologico nido estd
completamente esclarecido (TSENG et al., 2016). Possivelmente, uma das razdes pelas quais
existe certa dificuldade para classificd-la num grupo especifico, quando o agrupamento se

baseia no mecanismo fisiopatologico. No entanto, os sinais e sintomas da dor na FM permitem
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classifica-la como dor mista por envolver os sistemas neuro-imune-enddcrinos e apresentar

mecanismos centrais e periféricos.

Conforme os critérios da American College of Rheumatology (ACR), Sociedade
Americana de Reumatologia, a FM ¢ uma condi¢@o de dor crdnica cujos sintomas correlatos sao
desproporcionais a evidéncia da lesdo tecidual ou dano anatomico, mas ndo por iSso menos
relevante. E tais caracteristicas reforcam a teoria de que se trata de uma condi¢do cujo
mecanismo envolve disfun¢do central, com um nivel de complexidade que transcende uma

patologia da musculatura esquelética (WOLFE et al., 2016).

Os mecanismos pelos quais a dor cronica afeta o comportamento alimentar e o peso
corporal ainda ndo estdo completamente elucidados. Uma vez que a FM e a obesidade sdo
frequentemente comorbidas e devido a relevancia da FM para os individuos e a sociedade,
avancar na compreensdo de seus mecanismos fisiopatologicos compartilhados possui um

importante significado clinico, a fim de desenvolver tratamentos mais eficazes.

2.2.3 Fisiopatologia da FM

Com base em estudos recentes, a fibromialgia (FM) estd associada a disfun¢des nos
sistemas modulares descendentes da dor e a uma redug@o na inibi¢do intracortical, medida por
meio da estimulagdo magnética transcraniana (EMT) (CAUMO et al, 2016, 2017). Essa
inibicdo intracortical parece ser mais prejudicada na FM em comparagdo com outras condi¢des
de dor crénica, como a osteoartrite (TARRAGO et al., 2016). Apesar de sinais de “neuropatia
de pequenas fibras” terem sido observados na FM, a relagdo entre essas descobertas e a
presenga ou gravidade da dor ¢ complexa, pois a nocicepcao periférica pode modular o sistema

nervoso central (SNC), sendo crucial na determinagao da dor cronica (CLAUW, 2014).

A FM ¢ caracterizada por uma ampla gama de sintomas multifacetados, que vao além

da dor, incluindo fadiga, alteracdes no padrdo de sono, problemas cognitivos e sintomas
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depressivos (CAGNIE et al., 2014). Isso sugere uma disfun¢do central (sensibilizacdo central)
como componente-chave da FM, associada a perda da capacidade da via inibitdria descendente

da dor (ABELES et al., 2007).

O modelo fisiopatologico mais estabelecido na fibromialgia ¢ o aumento do
processamento de vias relacionadas a dor. Manifestagdes como reduzidos limiares de dor,
hiperalgesia, alodinia e sensibilidade difusa, ndo apenas a dor, mas também a outros estimulos
sensoriais, sdo consideradas indicadores clinicos do fendmeno de sensibilizagdo central
(KRAYCHETE; SAKATA, 2011; SCHMIDT-WILCKE; CLAUW, 2011; STAUD, 2002).
Evidéncias de estudos exploratorios (CAUMO et al., 2016) e clinicos (CAUMO et al., 2023)
sugerem que essas anormalidades no processamento sensorial ocorrem globalmente na FM, nao
se limitando especificamente a dor. Os principais mecanismos fisiopatologicos da FM,
incluindo vias nociceptivas, sensibilizacdo central e processos de plasticidade mal-adaptativa,

estdo representados na Figura 1.
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Figura 1. Vias nociceptivas, sensibiliza¢do central e principais processos de plasticidade mal-

adaptativa.
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Figura 1. A liberagdo constante de glutamato, substincia P e peptideo relacionado ao gene da calcitonina por
nociceptores desloca o ion de magnésio do poro do receptor NMDA, permitindo o influxo de Ca’ no neurénio. O
receptor NMDA, com sua caracteristica de manutengdo do tempo de estimulo, prolonga o estimulo doloroso. As
fibras C aferentes dos ganglios da raiz dorsal (GRD) e dos ganglios trigeminais fazem sinapse com neurénios do
corno dorsal da medula e do tronco encefilico, resultando na “segunda dor” e promovendo a somagdo temporal
lenta, intensificando a percepgdo da dor. Glutamato e substincia P podem modular respostas pos-sindpticas,
transmitindo sinais para locais supraespinhais (tdlamo, cortex cingulado anterior, cortex insular e cortex
somatossensorial) através das vias ascendentes. Neuronios de terceira ordem partem do talamo para diversas
regides corticais e subcorticais, codificando aspectos da dor: i) sensorio-discriminativos (cortex
somatossensorial), ii) afetivo-motivacionais (cortex cingulado anterior, amigdala, cortex insular e sistema
limbico), e iii) cognitivo-avaliativos (cortex pré-frontal). A atividade intensa e prolongada dessas vias, causada
por estimulagdo nociva repetida ou sustentada, pode levar ao aumento da capacidade de resposta neuronal (LTP),
resultando em plasticidade mal-adaptativa. AP, Potencial de agdo, AMPAR, receptor de dcido 3-hidroxi-5-metil-4-
isoxazol propionico, GRD, ganglio da raiz dorsal, Glu, glutamato, mGluR, receptor metabotrdpico de glutamato,
NK1, receptor de neurocinina, NMDAR, receptor N-metil-D-aspartato, PKA/PKC proteina quinase A/C, SP,
substancia P, VGCC, canal de cdlcio dependente de voltagem. Figura adaptada de Bazzari et al., 2022.
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Paralelamente as alteragdes corticais, ocorre uma diminui¢do na capacidade do SNC em
estimular o sistema modulatério descendente da dor (SMDD). Por meio de neurotransmissores
como GABA, opioides, serotonina, adenosina, noradrenalina e canabinoides, este sistema
comunica o SNC com o sistema nervoso periférico (SNP), facilitando ou inibindo os sinais
nociceptivos (CLAUW, 2014; HARTE et al., 2016; ZANETTE et al., 2014). Esses processos
induzem um desequilibrio entre 0os mecanismos pro-nocicep¢ao e antinocicepg¢do em pacientes
com FM, resultando na diminui¢do da funcdo das vias inibitorias da dor e hiperalgesia
secundaria. Isso leva a uma percep¢do dolorosa acima do esperado, e a manutencdo da

Sindrome de Sensibiliza¢ao Central (SSC) (CAUMO et al., 2016, 2017).

2.3 Estimulagdo Transcraniana de Corrente Continua (ETCC) no tratamento da FM

Entre as op¢des ndo-farmacologicas para o tratamento da FM, incluindo seus sintomas e
comorbidades, como dor, sintomas depressivos e ansiosos, destacam-se as técnicas
neuromodulatorias, com énfase na estimulagdo cerebral nao invasiva (CAUMO et al., 2023;
FREGNI et al., 2021; NITSCHE et al., 2008; PACHECO-BARRIOS et al., 2020), como a
Estimulac¢ao Transcraniana por Corrente Continua (ETCC) para uso domiciliar (BRIETZKE et
al., 2020; CAUMO et al., 2023). Revisdes sistematicas € meta-analises atuais apresentam
evidéncias da eficacia clinica da ETCC no tratamento desses pacientes (CAUMO et al., 2022;
LLOYD et al., 2020; MOLERO-CHAMIZO et al., 2023) ainda que com grande variabilidade

no tamanho de efeito encontrado em diferentes ensaios clinicos (TEIXEIRA et al., 2023).
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2.3.1 Estimulag¢do Transcraniana por Corrente Continua — ETCC

A ETCC ¢ uma técnica neuromodulatoria segura, custo-efetiva e promissora para o
tratamento de varias condi¢des de dor cronica (WOODS et al., 2016), incluindo a fibromialgia
(PAN et al., 2017), bem como para a reducdo do desejo e do consumo em individuos com
dependéncia quimica, obesidade e food craving (SONG et al., 2022). Trata-se de um método
terapéutico que modula o potencial de membrana através da aplicacdo de correntes elétricas
baixas (1-2 mA) diretamente no escalpo. Utilizam-se dois eletrodos, os quais afetam a
excitabilidade cortical de regides proximas a area da estimulagdo, podendo atingir redes

neurais distantes que possuem conexao com estas (efeito default) (NITSCHE et al., 2008).

2.3.2 Aspectos historicos

A descoberta dos efeitos bioldgicos da corrente continua, através da sua eficacia na
modulacdo do disparo neuronal espontaneo, deu inicio a histdria da eletrofisiologia. Na época
do Império Romano (43-48 AC), Scribonius Largus observou que colocar um peixe-torpedo
vivo, entregando uma forte corrente elétrica direta, sobre o couro cabeludo de um paciente com
cefaleia provocava um estupor repentino e transitério com alivio da dor. Descobertas
semelhantes também foram relatadas pelo médico grego Claudius Galen (131-401 AC) ao
observar que o choque elétrico causado por um peixe torpedo aliviou a dor da gota. No
entanto, seu estudo sistematico com métodos cientificos modernos foi iniciado por Walsh
(1773) e seguido pelo trabalho de Galvani (1791) que estabeleceu uma relagdo entre a

contragdo elétrica do musculo da ra, correlacionando a eletricidade e a resposta muscular,

31



Impacto da Estimula¢do Transcraniana de Corrente Continua Domiciliar no Comportamento Alimentar de Mulheres com Fibromialgia: Um Ensaio Clinico Randomizado
Fatorial

dando inicio a ciéncia da eletrofisiologia. Muitos outros pesquisadores nos ultimos dois
séculos fizeram uso extensivo da corrente galvanica para o tratamento de transtornos mentais,

com resultados variaveis (PRIORI, 2003).

Os primeiros experimentos modernos sobre estimulacdo cerebral, realizados em caes por
Fritz e Hitzig e em primatas por Ferrier, mostraram que a estimulacdo elétrica no cértex motor
produzia movimentos no lado oposto do corpo. No cérebro humano, Roberts Bartholow (1874)
estimulou o cortex no cérebro exposto de pacientes conscientes, o que produziu movimentos e

sensacdes no lado oposto do corpo (ROTHWELL, 2018).

Na década de 1940, a eletroconvulsoterapia (ECT), mostrou-se eficaz no tratamento da
depressao grave (KELLNER et al., 2012). Outra técnica que se destacou neste mesmo século
foi a estimulacdo nervosa elétrica transcutanea (TENS), para inducdo de analgesia (TEOLI;
AN, 2023).

Em 1985, ao conectar uma bobina a uma fonte de corrente elétrica no escalpo subjacente
ao cortex motor, Barker et al. destacou o importante papel da estimulagdo magnética
transcraniana (EMT) em ativar axonios e fazer com que disparassem potenciais de agdo. Os
efeitos da EMT podem alterar o equilibrio entre a atividade neural inibitéria em relacdo a
excitatoria (DAYAN et al., 2013; HUERTA; VOLPE, 2009; PERINI et al., 2012). Uma
década depois, a EMT do cortex motor mostrou-se eficaz para produzir analgesia (MIGITA et
al., 1995).

No inicio dos anos 2000, a estimulagdo transcraniana por corrente continua (ETCC) foi
introduzida como uma técnica de estimulagdo cerebral ndo invasiva (NIBS) aplicavel em
humanos, (NITSCHE; PAULUS, 2000; PRIORI, 2003) com efeitos clinicos obtidos por meio
da modulacdo sublimiar dos potenciais de membrana neuronal, que altera a excitabilidade e a
atividade cortical dependendo da dire¢do do fluxo da corrente através dos neurdnios-alvo

(CAUMO et al., 2023; MOFFA et al., 2020; PURPURA; MCMURTRY, 1965). O acumulado
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numero de evidéncias quanto aos efeitos clinicos e seguranca de uso nas ultimas décadas fez a
estimulagdo cerebral ndo invasiva se destacar como alternativa e/ou complemento a
intervengdes farmacologicas, as quais geralmente apresentam maiores efeitos colaterais,

potencial aditivo e/ou de tolerancia, bem como um maior custo.

2.3.3 Efeito da ETCC nos Processos Neurobiologicos

A ETCC excitatoria (anddica) induz reducdo local do GABA (4cido gama
aminobutirico), enquanto a estimulagdo inibitéria (catddica) causa reducdo da atividade
neuronal glutamatérgica com uma reducdo altamente correlacionada no GABA,
presumivelmente devido a estreita relagdo bioquimica entre os dois neurotransmissores
(NITSCHE et al., 2008; STAGG et al., 2009). A ETCC modula redes neurais corticais ¢
subcorticais, as quais estdo associados os efeitos clinicos mediados pela modulagdo da
excitabilidade sublimiar do potencial de membrana neuronal, induzindo um efeito do tipo top
down. Este efeito atribui-se a inducdo de neuroplasticidade uso-dependente, que se relaciona
ao “aprendizado sindptico” e mudancas de longo prazo (LTP e LTD) das sinapses
glutamatérgicas (NITSCHE et al., 2003; NITSCHE; PAULUS, 2001). Esses fendmenos
podem ser explicados pelo incremento da eficiéncia sindptica e, também, por efeitos diretos
sobre a atividade neuronal espontanea (LANG et al., 2005; NITSCHE et al., 2008). No
entanto, sabe-se que o efeito da ETCC depende do sitio a ser estimulado, do tipo de estimulo
(anddico ou catddico) e que o efeito € aditivo a repeticdo dos cursos de estimulagdo. O efeito
duradouro da ETCC deve-se ao aumento do input pré-sindptico e a up-regulation do tonus
sinaptico, mediado pelo receptor NMDA. Este efeito ¢ dependente da sintese proteica, das
modificagcdes na concentragdo de AMPc intracelular e do influxo da corrente de célcio

intracelular, os principais mecanismos da ETCC sdo apresentados na Figura 2.
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Figura 2. Principais mecanismos da ETCC
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Figura 2. (A) A ETCC anddica hiperpolariza a membrana, e ha maior liberagdo do neurotransmissor, um efeito
causado por um aumento no Ca’' intracelular, enquanto uma diminuiciio do Ca’" leva a menor liberacdo do
neurotransmissor. A ativa¢do da quinase do receptor de Tropomiosina (Trk) sugere um papel para BDNF na
ETCC anddica, seu efeito aumenta ainda mais a probabilidade de acoplamento de vesiculas sindpticas e a
liberag¢do de neurotransmissor. Em geral, com respostas de potencializa¢do a longo prazo (LTP), existe uma
regulacdo positiva da libera¢do de neurotransmissores que facilita a abertura de canais do tipo AMPA e
indiretamente a de canais de NMDA. O oposto é verdadeiro para a depressdo a longo prazo (LTD). O influxo de
Ca’" aumenta a fosforilagio de AMPA e a sua incorpora¢io a membrana. O aumento do Ca’" aumenta ainda
mais a liberacdo do fator neurotréfico para a fenda sindptica, enquanto na auséncia do Ca’*, a diminui. Uma vez
ativado, o receptor de Trk pos-sindptico induz a LTP de fase tardia (L-LTP) e favorece a abertura de canais do
NMDA, o que também promove L-LTP, enquanto ocorre o oposto na ETCC catddica, que promove a LTD. Tanto
a L-LTP como a L-LTD dependem de modificagdes da expressdo génica. (B) A ETCC anddica estd envolvida no
remodelamento dendritico, juntamente com um aumento na densidade dendritica, um mecanismo sugerido para
suas propriedades neuroprotetoras e neuro-reparadoras. Em modelos animais de dor crémica induzida por
estresse, o fator de necrose tumoral-o. (TNF-a) também foi down regulado pela ETCC anddica. Foi observado
também, aumento da angiogénese e dos niveis de fator de crescimento endotelial vascular (VEGF) em tecidos
periféricos. A ETCC afeta uma série de processos fisiologicos tanto no sistema nervoso central quanto ao nivel
periférico, os quais podem ser relevantes para os seus efeitos nos estados patolégicos. AP, potencial de ag¢do;
BDNF, fator neurotréfico derivado do cérebro; DA, dopamina; Glu, glutamato. Figura adaptada de Pelletier and
Cicchetti, 2015; Bikson, 2014.

A ETCC nao deflagra diretamente potenciais de acdo, mas altera o ambiente da rede
neuronal, diminuindo ou aumentando a suscetibilidade de disparo do neur6nio, ou sua resposta

diante de impulsos sindpticos aferentes (BRUNONI, et al., 2012; CREUTZFELDT et al.,
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1962).

Conforme apresentado, a ETCC infere efeitos quimicos e ndo quimicos integrados: i)
aumento de produgdo de proteinas, /i) aumento do nivel intracelular de cdlcio e iii) expressao
génica precoce durante e apos a estimulagdo (ARDOLINO et al., 2005; LIEBETANZ, 2002;
NITSCHE et al., 2003; STAGG et al., 2009; STAGG; NITSCHE, 2011).

Os resultados mais robustos e com efeitos prolongados da ETCC, apontam para o
numero de sessoes consecutivas (FREGNI et al., 2021; NITSCHE et al., 2008; SONG et al.,
2022). No entanto, hd um limite, se extrapolado, pode ocorrer uma inversdao (inibi¢do) ou
resultar na redugdo dos efeitos pds-estimulacdo, que sdo essenciais na indugdo da plasticidade

(FREGNI et al., 2021; NITSCHE et al., 2008).

No entanto, ¢ sempre um desafio manter a adesdo quando uma pesquisa envolve sessdes
consecutivas, pois os pacientes que participam desses estudos geralmente apresentam dor,
dificuldade de locomocgdo, sofrem de transtornos psiquidtricos, entre outras condigdes que
dificultam o acesso aos grandes centros repetitivamente e em dias consecutivos. Uma
metanalise atual evidencia que a maioria dos protocolos de ETCC contam com menos de 20
sessdes consecutivas, administradas em hospitais e centros especializados (MOFFA et al.,
2020). Sendo o niimero de sessdes consecutivas durante periodos prolongados o componente
chave na resposta clinica da ETCC (FREGNI et al., 2021; NITSCHE et al., 2008; SONG et
al., 2022), para transpassar uma barreira, que até entdo limita o seu uso a longo prazo, sendo o
fato de os pacientes precisarem ir aos centros, uma técnica a ser considerada ¢ a ETCC

domiciliar.

2.3.4 ETCC para uso Domiciliar

A ETCC domiciliar possui baixo custo, facil aplicagdo e um grande potencial

terapéutico. Seu uso por periodos prolongados encontra sustentacdo tedrica (BRIETZKE et al.,
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2020; CARVALHO et al., 2018; CAUMO et al., 2023) e uma série de vantagens, como prover
o fornecimento do nimero de sessdes necessarias para uma eficacia clinica, reduzir o tempo e
o custo com transporte, facilitar o acesso aos pacientes com restrigdo de mobilidade,
possibilitar autonomia para realizacdo das sessdes conforme a rotina, entre outras vantagens,
como, por exemplo, o tratamento continuado durante a pandemia de COVID-19. Entretanto,
pesquisas sdo necessarias para melhor entender sobre a eficicia e beneficios em relagdo a

ETCC domiciliar (CAUMO et al., 2023; CHARVET et al., 2023).

Ao utilizar a técnica de ETCC domiciliar, ¢ fundamental prover um treinamento quanto
ao uso adequado do aparelho e da realizagdo das sessdes, das visitas programadas ao centro
aplicador para avalia¢des (no inicio, no decorrer do protocolo e no final), bem como da
assisténcia remota rapida para esclarecer duvidas e resolver problemas que possam surgir. O
aparelho precisa ser validado e contar com dispositivos de controle programaveis, com
sistemas de bloqueio para evitar uso indevido, registrando o horario e a qualidade das sessdes

realizadas. A avaliagdo dos possiveis efeitos adversos da técnica também ¢ imprescindivel.

2.3.5 ETCC sobre o cortex pré-frontal dorsolateral (DLPFC) na FM

ETCC aplicada sobre o DLPFC esquerdo tem sido uma proposta promissora para
melhorar os processos cognitivos de informag¢ao, com destaque aos atencionais (BRUNONI;
VANDERHASSELT, 2014; MORENO et al, 2015; SERRANO et al., 2022), sintomas
depressivos, capacidade funcional e diminui¢ao do uso de medicag¢do analgésica (CAUMO et

al., 2022; MOFFA et al., 2020; NEJATI; MAJIDINEZHAD; NITSCHE, 2022).

O aumento da ativacdo bilateral do cortex pré-frontal (PFC), particularmente do DLPFC
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esquerdo, tem sido correlacionada com a inibi¢do da dor (LORENZ et al., 2003), enquanto o
controle percebido da dor foi associado a ativacdo do DLPFC direito (Allen, 2012). Estudos de
neuroimagem relacionam a catastrofizagdo da dor a uma maior atividade no DLPFC
(GALAMBOS et al.,, 2019), enquanto em transtornos depressivos parece ocorrer um
desbalanceamento do PFC, com uma hipoativagdo mais pronunciada no lado esquerdo

(GRIMM et al., 2008).

A ativagdo e inibi¢do de circuitos neurais no PFC podem estar relacionadas a processos
nociceptivos mal-adaptativos, onde os neuronios GABAérgicos modulam a atividade neuronal
(CAUMO et al., 2022). Esses circuitos também estdo envolvidos nos componentes sensoriais,
cognitivos e afetivos da dor. Eles participam no ajuste fino do equilibrio entre facilitacdo e
inibicdo da via descendente da dor (KUNER et al., 2021; SEMINOWICZ et al., 2017).
Acredita-se, portanto, que a ETCC aplicada sobre o DLPFC, especialmente o esquerdo,
oferega uma vantagem potencial para modular redes neurais na interface entre o processamento
cognitivo e afetivo de regulacdo da dor (CAUMO et al., 2022).

Em revisdo sistematica e metandlise, Brunoni et al. 2014 destacam o papel da ETCC
anodal sob DLPFC esquerdo na melhora do desempenho de operagdes relacionadas & memoria
de trabalho, especialmente em medidas de tempo de resposta. Um ensaio clinico randomizado
recente mostrou que em mulheres com FM o efeito de 4 semanas de ETCC anddica sobre
DLPFC esquerdo exerceu efeitos positivos no déficit cognitivo em comparagdo com a
estimulacdo simulada (SERRANO et al., 2022). Brietzke et al., 2020, mostraram que 60
sessdes de ETCC domiciliar com a mesma montagem, melhorou a dor generalizada e a
incapacidade relacionada a dor, o que reduziu a chance de uso de analgésicos em 55% em uma
amostra de mulheres com FM, quando comparada a estimulag¢do simulada. Corroborando esses
achados, outro ensaio clinico também em mulheres com FM utilizou um protocolo de 20
sessdes de ETCC domiciliar anddica sobre o DLPFC esquerdo e apresentou resultados

positivos na incapacidade para atividades didrias devido aos sintomas da fibromialgia, na
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diminui¢do da catastrofizagdo da dor (ruminagdo e magnificacdo), na melhora dos sintomas

depressivos, qualidade do sono e tolerancia a dor pelo calor (CAUMO et al., 2022).

2.3.6 ETCC sobre o cortex motor primario (M1) na FM

Enquanto a ETCC anddica aplicada sobre o DLPFC esquerdo parece modular conexdes
em redes cognitivas e afetivas, envolvendo o PFC, acredita-se que a estimulacdo anddica sobre
o cortex motor primario (M1) module a excitabilidade das redes sensdrio-discriminativas
envolvidas no processamento da sensibilidade a dor, devido a sua influéncia sobre o sistema
somatossensorial ¢ sobre o sistema inibitério descendente da dor (CAUMO et al., 2023;
PACHECO-BARRIOS et al., 2020). A ETCC anodal sobre o M1 exerce uma regulagido do tipo
top-down, enviando sinais para as conexdes talamo-corticais, pré-frontais, para o giro cingulado
e substancia cinzenta periaquedutal (LANG et al., 2005; YOON et al., 2014).

A plasticidade mal-adaptativa no M1 é um achado comum em pacientes com dor
cronica e estudos em modelos animais e em humanos mostraram que a modulagdo da atividade
desta area induz efeitos analgésicos importantes (SAAVEDRA et al., 2014). Evidéncias em
pacientes com fibromialgia mostraram que as caracteristicas basais do M1 estdo alteradas nestes
individuos (MHALLA et al., 2010; SALERNO et al., 2000), apresentando um padrao de
atividade anormalmente aumentado em resposta a dor induzida experimentalmente quando
comparado a controles saudaveis, refletindo uma ativagdo contralateral aumentada (PUJOL et
al., 2009).

Na ultima década, estudos utilizando protocolos de ETCC anodal sobre o Ml
mostraram que a modulagdo desta regido reduz a dor na FM (CAUMO et al., 2023; FREGNI et

al., 2006; VILLAMAR et al., 2013).
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Um estudo pioneiro mostrou que em mulheres com fibromialgia, cinco sessdes consecutivas de
ETCC anddica sobre M1 mostraram-se superiores na melhora da dor, em comparagdo as
estimulacdes sobre o DLPFC e simulada. Também foi observado um impacto positivo na
qualidade de vida entre as pacientes que receberam estimulacdo anddica em M1 (FREGNI et
al., 2006). Outro estudo maior, com metodologia semelhante, ressaltou que tais efeitos
permaneceram por 30 dias (FAGERLUND; HANSEN; ASLAKSEN, 2015). KHEDR et al.,
2017, observaram que 10 sessdes, no entanto, de maior densidade de corrente, reduziram a dor
em mais de 40% ao longo de 2 semanas. Ensaios posteriores encontraram beneficios na
combinacdo da ETCC anddica em M1 com reabilitagdo ou atividade fisica (MENDONCA et
al., 2016; RIBERTO, 2011).

Diretrizes Baseadas em Evidéncias propde recomendacgdo de nivel B (eficacia provavel)
do uso de ETCC anddica em M1 na fibromialgia (FREGNI et al., 2021; LEFAUCHEUR et al.,

2017).

2.3.7 Estimulagao Transcraniana de Corrente Continua (ETCC) no

Comportamento Alimentar Disfuncional

Uma recente revisdo sistematica e metandlise avaliou estudos em individuos com
descontrole alimentar e transtorno por uso de substancia e destacou o potencial da ETCC para
modular comportamentos alimentares disfuncionais, reduzir a ingesta alimentar e o peso
corporal. ETCC sob DLPFC reduziu o craving € o consumo alimentar nesses individuos e seus

efeitos foram percebidos por até 12 meses (SONG et al., 2022).

Para contextualizar o efeito da ETCC nos comportamentos alimentares disfuncionais e a
relacdo destes com a fibromialgia, alguns conceitos serdo abordados antes de explorarmos as

evidéncias do uso da ETCC nessa area, bem como seu mecanismo de agao.
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2.3.7.1 Comportamento Alimentar e FM

A elevada prevaléncia de excesso de peso e obesidade comorbida a FM, mencionada
anteriormente, impulsionou uma gama de estudos buscando elucidar possiveis vias
fisiopatologicas compartilhadas pela FM e obesidade (NEUMANN; LERNER; GLAZER, 2008;
OKIFUJI; HARE, 2015; SOMINSKY; SPENCER, 2014; YUNUS; ARSLAN; ALDAG, 2002).
O excesso de peso na FM, parece ter uma etiologia multifatorial, potencializando o desafio do
manejo terapéutico destas comorbidades, bem como a total compreensdo dos mecanismos
fisiopatologicos. Dentre estes fatores etioldgicos, destacam-se sedentarismo, sintomas
depressivos, ansiedade, catastrofismo, distirbios do sono, anormalidades tanto no eixo
hipotdlamo-hipdfise-adrenal (HPA) quanto na sinalizagdo dopaminérgica (HORSTMANN,
2017; MITSI; ZACHARIOU, 2016; OKIFUJI; HARE, 2015; URSINI; NATY; GREMBIALE,
2011). Na FM, o desbalanceamento no sistema nervoso autondmico, também parece
comprometer a resposta a outros estressores e evidéncias relacionam esta condi¢do a sindrome
metabolica, uma vez que o aumento da atividade simpatica sabidamente a prediz (LICHT; DE

GEUS; PENNINX, 2013; MARTINEZ-LAVIN, 2007).

A exposicao cronica ao estresse no curso inicial da FM, pode levar a hiper-reatividade
do eixo HPA, sustentando niveis mais altos de secrecdo de cortisol (RIVA et al., 2010). O
organismo visa alcancar estabilidade e adaptacgdo fisioldgica por meio da alostase, um processo
que apoia a homeostase, enquanto os ambientes e/ou estagios da vida mudam e em resposta aos
eventos estressores. Como mediadores primdrios da alostase, destacam-se os hormonios do eixo

HPA, outras catecolaminas e citocinas (MCEWEN; WINGFIELD, 2003). Se o desequilibrio
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perdurar, aparecem sintomas de sobrecarga alostatica. Quando a exposi¢do ao estresse torna-se
continua/crénica, como na FM, essas adaptagdes passam a ndo executar seu papel
adequadamente, seja devido ao custo acumulado de manté-las (carga alostatica) ou devido a
disfungdes nos mecanismos de moderacdo (CAUMO; SEGABINAZI; STEFANI, 2017).
Consequente a sobrecarga alostatica, a secre¢do de cortisol passa a ndo aumentar
adequadamente em resposta ao estresse e, como mecanismo contra-regulatorio, acontece a
elevada liberacdo de citocinas inflamatérias (MCEWEN; WINGFIELD, 2003).

A hiperativagdo do eixo HPA repercute em alteracdes metabolicas, como adipogénese,
resisténcia insulinica e alteragdes em hormonios e adipocinas com papel na regulacao da fome e
saciedade tanto em niveis centrais quanto periféricos, o que pode induzir a ingestdo alimentar
(GROESZ et al., 2012; LO SAURO et al., 2008; RUTTERS; FLEUR; LEMMENS, 2012;
SINHA; JASTREBOFF, 2013; SOMINSKY; SPENCER, 2014). Somado a isso, cerca de 50%
das pessoas aumentam o seu consumo alimentar quando expostos a situagdes estressoras
(ADAM; EPEL, 2007; EPEL et al., 2004).

Em nivel de neurocircuito, o estresse parece afetar o sistema dopaminérgico
mesolimbico, bem como areas subjacentes no sistema de recompensa. Um estudo investigou a
exposicao ao estresse agudo durante a tomografia por emissao de podsitrons (PET) e revelou que
tanto o estresse quanto a liberacdo de cortisol aumentaram a secre¢do de dopamina do nucleo
accumbens (NAc) (Wand GS, 2007). Outro estudo utilizando a mesma técnica revelou que
individuos com maior reatividade ao cortisol liberam mais dopamina no estriado ventral,
sugerindo uma forte interconectividade entre os dois (PRUESSNER et al, 2004).
Paralelamente, reguladores homeostaticos periféricos do balango energético, como leptina,
grelina, insulina e orexina (associados ao eixo HPA), também podem modular aspectos
hedonistas do comportamento alimentar, interagindo com o sistema de recompensa por meio de
receptores cognatos nos neurdnios dopaminérgicos da area tegmentar ventral (VTA), exercendo

um efeito potencializador da sensibilidade a recompensa, preferéncia e do desejo alimentar
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(food craving), bem como da busca por alimentos hiperpalativeis (VOLKOW; WANG;
BALER, 2011). Sabe-se que tanto as dietas ricas em alimentos hiperpalataveis quanto o uso de
substancias de abuso alteram a producao e secrecdo do fator de liberagdo de corticotrofina e dos
glicocorticoides e a atividade noradrenérgica, aumentando a sensibilizacdo das vias de
recompensa (VTA, NAc, estriado dorsal e mPFC), o que, por sua vez, influencia a preferéncia
por substancias e por alimentos hiperpalatdveis, aumentando o desejo e o consumo bidirecional
(YAU; POTENZA, 2013). Ainda, alteracdes nos padrdes de sono, outra condi¢do estressora
frequente em individuos com FM, igualmente associam-se ao aumento do consumo calorico,
bem como a preferéncia por alimentos ricos em carboidratos e gorduras (GROESZ et al., 2012;

YAU; POTENZA, 2013).

2.3.7.2 Dor Cronica, Sensibilizacdo Central e Excesso de Peso

A dor ¢ um estressor comum e um provavel fator de risco para obesidade (Stone &
Broderick, 2012). Individuos com sobrepeso demonstraram maiores escores percebidos de
estresse e de fome, bem como nos niveis séricos de cortisol e grelina apdés medidas de dor
pressora ao frio (GELIEBTER; CARNELL; GLUCK, 2013), e descobertas semelhantes foram
demonstradas em pessoas com obesidade (GLUCK; GELIEBTER; LORENCE, 2004). Estudos
anteriores propuseram ndo apenas o envolvimento da ansiedade e da catastrofizagdo ao mediar a
relacdo entre dor cronica e comportamento alimentar emocional (EMAMI et al., 2016; JANKE
et al, 2016), mas também a utilizacdo do comportamento alimentar disfuncional como
estratégia mal-adaptativa de enfrentamento (AMY; KOZAK, 2012; O’LOUGHLIN;
NEWTON-JOHN, 2019).

O comportamento alimentar e as vias de processamento da dor compartilham

anormalidades em d4reas cerebrais envolvidas na regulagdo emocional e afetiva no sistema
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mesolimbico dopaminérgico, incluindo neurénios do ntcleo accumbens, amigdala e hipocampo
(HORSTMANN, 2017; MITSI; ZACHARIOU, 2016), e também no sistema opioidérgico
(MALDONADO; BANOS; CABANERO, 2018), ambos fundamentais no processamento da
recompensa alimentar.

Um estudo recente (ELKFURY et al., 2021) propos o envolvimento de vias hedonistas na
associagdo entre FM e obesidade. O envolvimento em comportamentos alimentares emocionais
mostrou-se 30% maior em mulheres com FM em comparagdo a voluntarias saudaveis. Este
estudo também encontrou uma associagdo negativa entre o BDNF sérico, um importante
marcador de neuroplasticidade, ¢ medidas de fome autorrelatadas. De fato, o papel do BDNF
investiga-se tanto na FM (CAUMO et al., 2016) quanto na obesidade (CORDEIRA et al., 2010)
e alteracdes estruturais associam-se a alteragdes especificas nos circuitos de recompensa e de
estresse, relacionados ao controle da motivacio (IKEMOTO; BONCI, 2014; KOOB;
VOLKOW, 2016). Na FM ocorre uma secrecdo aumentada de BDNF, em comparagdo a
individuos saudaveis (CAUMO et al., 2016), enquanto individuos com obesidade tendem a
apresentar niveis mais baixos de BDNF sérico em compara¢do aqueles com peso saudavel
(GOLDEN et al., 2010; MCALLAN et al., 2018). Além disso, sabe-se que as variantes
genéticas do BDNF com perda de funcdo, como o polimorfismo BDNF Val66Met, podem
alterar a vulnerabilidade ao estresse, a reatividade do eixo HPA e do sistema de recompensa
(MIAO; WANG; SUN, 2020; NOTARAS; VAN DEN BUUSE, 2020), ambos envolvidos na
fisiopatologia da obesidade e da FM, representando uma possivel integra¢do entre essas

patologias.

E concebivel que a alimentacdo excessiva associada a alimentos hiperpalataveis (ricos
em aglcar e gordura) desencadeie vias hedonicas e possa contribuir para a redu¢ao da dor por
meio ndo apenas da analgesia induzida por endocanabinoides endogenos, mas também através

da alimentacdo disfuncional como estratégia neuroplastica mal-adaptativa de enfrentamento a
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dor. Esse padrao pode levar ao equilibrio energético positivo e, em tltima analise, ao ganho de
peso e a obesidade.

No entanto, até o presente, poucos estudos exploram as alteracdes fisiopatoldgicas
encontradas na fibromialgia com mecanismos hedonistas do comportamento alimentar, a
composi¢do nutricional da dieta tem sido o principal foco da maior parte das publicagdes
(ARRANZ; CANELA; RAFECAS, 2012; BATISTA et al., 2016; HOLTON, 2016; ROSSI et
al., 2015), enquanto permanecem lacunas substanciais acerca da compreensdo do
comportamento alimentar na FM, o que possivelmente agrava o curso e o progndstico desses
pacientes que, expressivamente, apresentem obesidade como comorbidade. Frente a isso, a
presente tese foi estruturada para abordar as principais alteragdes neurobioldgicas envolvidas no

comportamento alimentar e sua possivel associacdo com a fisiopatologia da FM.

2.3.7.3 Neurobiologia do Comportamento Alimentar

Aspectos homeostaticos e hedonicos interagem para formar o comportamento alimentar
humano. O primeiro, controlado pelo hipotalamo, regula o metabolismo, a fome e a saciedade,
integrando sinais circulantes da periferia. O segundo, governado pelo sistema de recompensa,
envolve vias e estruturas mesocorticolimbicas e nigroestriatais, responsaveis por modular a
cogni¢do relacionada a recompensa, incluindo o desejo de consumir alimentos por prazer,
mesmo na auséncia de fome. A conectividade entre essas estruturas ¢ promovida por
neurotransmissores como dopamina (DA), opioides e canabinoides (BECETTI et al., 2023;

MARQUES-ITURRIA et al., 2015; TREASURE; CARDI; KAN, 2012).

Os processos de recompensa e reforco alimentar envolvem inimeros componentes que

culminam em uma sequéncia: i) 'Liking', gostar hedonico, ii) 'Wanting', elemento
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motivacional, saliéncia de incentivo e iii) 'Learning', aprendizagem associativa. As
recompensas sdo “‘gostadas” e “desejadas”, e essas duas palavras parecem quase sindnimos,
no entanto, os circuitos cerebrais que medeiam o processo de “querer” (Wanting) uma
determinada recompensa sdo dissociaveis dos circuitos que medeiam o grau em que ela ¢é
“gostada” (Liking). A saliéncia de incentivo ou “Wanting”, uma forma de motivagdo, ¢ gerada
por sistemas neurais grandes e robustos que incluem a dopamina mesolimbica, enquanto o
“Liking”, ou o impacto prazeroso real do consumo de recompensas, ¢ mediado por sistemas
neurais menores € mais frageis, que ndo dependem da dopamina (BERRIDGE;

KRINGELBACH, 2015; BERRIDGE; ROBINSON, [s. d.]; RIBEIRO; SANTOS, 2013).

O sistema de recompensa inclui estruturas como a area tegmentar ventral (VTA), nicleo
accumbens (NAc), amigdala (AMY), hipocampo, cortex pré-frontal (PFC), giro cingulado
(SIG) e cortex orbitofrontal (OFC), desempenhando papéis especificos na volicdo, inducdo e
perpetuagdo do comportamento alimentar. Os neurdnios dopaminérgicos da VTA fazem
sinapses com o NAc, processo crucial para a saliéncia e motivagdo. AMY e hipocampo
processam e condicionam as memorias referentes ao estimulo e a recompensa, enquanto OFC
¢ responsavel pela tomada de decisdo. O cortex pré-frontal dorsolateral (DLPFC) e o SIG,
ativados por eventos motivacionais relevantes, exercem o controle inibitorio, ponderam e
definem a intensidade da resposta comportamental (LEE et al., 2012; VOLKOW; WISE;

BALER, 2017).

A dopamina ¢ fundamental nos efeitos gratificantes da recompensa (VOLKOW et al.,
2012), e as vias dopaminérgicas nigroestriatal, mesolimbica e mesocortical (Figura 1)

desempenham papel crucial nos processos de recompensa e refor¢co (WISE, 2002).

Figura 3. Estruturas e vias envolvidas no controle do comportamento alimentar.
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Figura 3. Figura adaptada de (Stogios et. al., 2020). Legenda: VTA (Area Tegmentar Ventral), NA (Niicleo
Accumbens), H (Hipotdlamo), A (Amigdala), S (Corpo Estriado), OFC (Cortex Orbitofrontal), PFC (Cortex Pré-
Frontal), ACC (Cortex Cingulado Anterior).

Alimentos hiperpalataveis desencadeiam de maneira mais pronunciada os mecanismos
associados ao sistema de recompensa (EDWIN THANARAJAH et al., 2023). O desejo intenso
por esses alimentos, conhecido como food craving, tem sido correlacionado com a obesidade
(YEH et al., 2016).

O food craving, ou “fissura alimentar”, refere-se a um estado motivacional subjetivo de
“querer” (Wanting) que impulsiona comportamentos de busca e ingestdo alimentar especificos,
frequentemente relacionados a alimentos hiperpalatdveis. Esse fendmeno esta associado a
alimentagdo disfuncional, observada em condi¢des como obesidade, transtorno de compulsio
alimentar ¢ bulimia nervosa (CEPEDA-BENITO et al., 2000, GENDALL et al., 1998;
GREENO; WING; SHIFFMAN, 2000; WATERS; HILL; WALLER, 2001; WEINGARTEN;

ELSTON, 1990). No entanto, ¢ importante ressaltar que o desejo alimentar ndo ¢

46



necessariamente patologico ou mal-adaptativo, sendo um fendmeno onipresente, mesmo que
frequentemente observado em estados patologicos (FRANKEN; MURIS, 2005).

A administragdo repetida de reforgadores, como alimentos hiperpalataveis, regula
negativamente os receptores D2 de dopamina (DRD2) no corpo estriado, associado a redugdo da
atividade em regides pré-frontais, facilitando respostas impulsivas e compulsivas a estimulos
alimentares. Essa adaptacdo disfuncional da dopamina pode perpetuar a ingestdo aumentada
desses alimentos como forma de compensacdo pela diminuicdo da ativagdo desses circuitos
(RIBEIRO; SANTOS, 2013; RICHARD, 2015). A resposta comportamental é representada pela
necessidade de aumentar a ingestdo para se obter 0 mesmo grau de recompensa, clinicamente
caracterizada como tolerancia. Sem a ingestdo adicional, surgem os desejos alimentares intensos
(food cravings) e sintomas de abstinéncia (BENTON; YOUNG, 2017). Individuos com
obesidade e transtorno de compulsdo alimentar frequentemente apresentam uma deficiéncia na
sinalizagdo dopaminérgica, evidenciada por menor disponibilidade de DRD2 quando
comparados a individuos normoponderais e atenuada sinalizacdo da dopamina estriatal em
resposta a ingestdo de alimentos hiperpalataveis (EDWIN THANARAJAH et al., 2023; STICE
et al, 2008; WISE; ROBBLE, 2020). Ao mesmo tempo, ¢ observada uma aumentada
sinalizagdo da dopamina frente a imagens de alimentos em individuos com obesidade,
sugerindo déficits na obtencdo da recompensa alimentar e aumentada susceptibilidade as pistas
alimentares (RIBEIRO; SANTOS, 2013; RICHARD, 2015). Ou seja, uma reducdo do liking' e
uma amplifica¢do do 'wanting’. A magnitude da resposta aos estimulos alimentares prevé ganho
de peso futuro e resultados subotimos apds intervengdes de perda e manutengdo de peso
(BECETTI et al., 2023; BURGER; STICE, 2014).

O padrdo de consumo excessivo seguido por dieta restritiva e recidiva ¢ comparavel ao
ciclo de intoxicagdo por drogas, abstinéncia e recaida observado em comportamentos aditivos

(VOLKOW:; WISE; BALER, 2017).

2.3.7.4 Sistema Dopaminérgico
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A atividade no nivel sindptico natural da dopamina ¢ controlada pela densidade de
receptores, quantidade de neurotransmissor liberado e pela reabsor¢do por transportadores
especificos (Sikora et al, 2016). A dopamina ¢ um neurotransmissor monoaminérgico,
pertencente as familias das catecolaminas e das feniletilaminas. Sua sintese e liberagdo sdo
realizadas por neurdnios dopaminérgicos do mesencéfalo, a partir do aminoécido tirosina,
convertido em dopa e, posteriormente, em dopamina. Os receptores de dopamina sdo
subdivididos em D1, D2, D3, D4 ¢ D5, de acordo com sua localizagdo ¢ fungdo (YU; MILLER;
GROTH, 2022). Os receptores DRD1 e DRDS5 (Dl1-like) estdo presentes em estruturas
relacionadas ao processamento e controle do comportamento alimentar, como o NAc, putamen,
nucleo caudado, substancia negra, amigdala e cortex frontal; enquanto DRD2, DRD3 e DRD4
(D2-like) sao encontrados na VTA, NAc, amigdala, hipocampo, globo palido, hipotdlamo e
cortex (KLEIN et al., 2019; SIKORA et al., 2016).

No nivel celular e de circuito, o impulso motivacional depende da concentragdo de
dopamina extrassindptica em areas especificas do cérebro, como o corpo estriado. As pistas que
predizem um estimulo reforcador também modulam as concentragcdes extrassinapticas de
dopamina, energizando a motivacdo (VOLKOW; WISE; BALER, 2017). A ativacdo dos
substratos dopaminérgicos mesocorticolimbicos ¢ fundamental para o desenvolvimento dos
mecanismos motivacionais associados ao consumo alimentar excessivo (SOBIK;
HUTCHISON; CRAIGHEAD, 2005; WANG et al., 2001).

A atividade dos neurdnios dopaminérgicos ¢ influenciada por projecdes de varias areas
cerebrais, tanto pré-sindpticas quanto poOs-sindpticas. Seu disparo requer estimulacdo
glutamatérgica nos receptores NMDA e AMPA, potencializando ou inibindo por meio do
acoplamento as proteinas G, estimulando a produgdo de Adenosina Monofosfato Ciclico

(AMPc) ou Adenilato Ciclase (AC) e Proteina Quinase A (PKA) (VOLKOW; WISE; BALER,
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2017). A dopamina ¢ um neuromodulador chave da neuroplasticidade e um importante substrato
neuronal de aprendizagem e formacdo de memoria, que envolve criticamente os receptores
NMDA. A dopamina modula a atividade do receptor NMDA através dos subtipos de receptores
Dl1-like e D2-like. Hipotetiza-se que a dopamina se concentra na plasticidade semelhante a
potenciacdo de longo prazo (LTP), ou seja, reduz a disseminacdo difusa, mas aumenta a
plasticidade restrita localmente por meio de uma reducdo da atividade do receptor NMDA
dependente do DRD2 (GHANAVATI et al., 2022).

O fortalecimento na estimulagdo das projecdes dopaminérgicas da VTA para o estriado
ventral (via mesolimbica) pode aumentar a saliéncia de incentivo e o craving. A energizagao das
sinapses na via mesocortical (aferéncias da VTA para o estriado ventral e DLPFC) esta
associada ao controle inibitorio e a memoria de trabalho, enquanto a formacao do hébito ocorre
como consequéncia do refor¢o da via nigroestriatal (YU; MILLER; GROTH, 2022).

Modelos de compulsividade destacam a importancia do tonus dopaminérgico nas alcas
ventrais que conectam o cortex cingulado anterior (ACC) e o estriado ventral (VS)/ NAc na
regulacdo de comportamentos de recompensa e reforgo, incluindo comportamento alimentar
(FINEBERG et al., 2010; WISE; JORDAN, 2021).

Estudos de neuroimagem demonstraram que pacientes com FM apresentam niveis
reduzidos de atividade da dopa-descarboxilase, uma enzima envolvida no metabolismo da
dopamina, em vérias regides, incluindo a area tegmentar ventral (WOOQOD et al., 2007). Esses
pacientes também apresentam respostas cerebrais dopaminérgicas reduzidas a dor evocada,
enquanto os estudos de neuroimagem em saudaveis demonstram um papel regulador da
dopamina na nocicep¢ao durante a dor experimentalmente evocada (ALBRECHT et al., 2016).
E digno de nota que estudos de neuroimagem em humanos associaram um maior potencial de
ligagcdo nos receptores dopaminérgicos D2/D3, indicativo de niveis mais baixos de liberagao
endogena de dopamina, a maior sensibilidade & dor em adultos saudaveis, bem como em

pacientes com FM (SCOTT et al.,, 2006; WOOD et al., 2007). Estudos neuroenddcrinos
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também mostraram uma neurotransmissdo dopaminérgica alterada na FM, sugerindo um
aumento da sensibilidade ou densidade dos DRD2 nessa populacdo (MALT et al., 2003).
Assim, a neurotransmissdo dopaminérgica alterada se mostra, ao menos em parte, como
um fator subjacente para a hiperalgesia observada em pacientes com FM (DESMEULES et al.,
2003; GRANGES; LITTLEJOHN, 1993; LOGGIA et al., 2014; PETZKE et al., 2003), bem
como, considerando os conceitos abordados anteriormente nesta tese, servir de base para um

racional envolvendo o controle do comportamento alimentar heddnico nestes pacientes.

2.3.7.5 Funcao Executiva

Como consequéncia das alteracdes na sinalizagdo dopaminérgica em regides
corticofrontais, como OFC, DLPFC e SIG, ocorrem prejuizos na func¢do executiva (WISE;
ROBBLE, 2020). A fungdo executiva ¢ um dominio da fungdo cognitiva, definida como
processos cognitivos superiores que permitem a previsdo e a agdo direcionada a objetivos,
subdividindo-se em i) Controle inibitério: capacidade de suprimir impulsos e respostas
comportamentais automaticas para selecionar uma resposta mais apropriada; ii)) Memoria de
trabalho: habilidade de monitorar a relevancia dos estimulos e atualizar informagdes relevantes
na memoria; e iii) Flexibilidade cognitiva: capacidade de mudar a aten¢do, conjuntos ou regras
mentais quando apropriado a situacdo, considerando alternativas diferentes (BANICH, 2009;
DIAMOND, 2013; MIYAKE; FRIEDMAN, 2012; YANG et al., 2018).

Em estudos de neuroimagem, adolescentes obesos, em comparagdo com adolescentes
normoponderais, mostraram menor ativacao das regides pré-frontais (DLPFC, vIPFC) ao tentar
inibir respostas a imagens de alimentos hiperpalatdveis e apresentaram evidéncias
comportamentais de controle inibitério reduzido (BATTERINK; YOKUM; STICE, 2010).

Estudos em adultos mostram que os individuos que apresentavam maior ativagdo do DLPFC
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quando instruidos a “resistir ao desejo” enquanto visualizavam imagens de alimentos obtiveram
melhor sucesso na perda de peso apos cirurgia bariatrica (GOLDMAN et al., 2013). Outro
estudo revelou que os participantes que mostraram menos recrutamento de regides de controle
inibitorio (giros frontais inferior, médio e superior) durante escolhas dificeis em comparagio a
faceis, em uma tarefa de desconto de atraso, apresentaram ganho de peso futuro elevado
(KISHINEVSKY et al., 2012).

Prejuizos na funcdo executiva, especialmente aqueles relacionados ao controle
inibitério, podem desencadear e manter padrdes alimentares disfuncionais, reduzindo a
capacidade de resistir aos alimentos hiperpalataveis, o que, por sua vez, promove o acumulo de
gordura corporal resultante do consumo calorico excessivo. Esse ciclo pode induzir a mais
alteragdes estruturais e funcionais nas dreas corticofrontais responsaveis pelo controle
executivo, configurando um mecanismo bidirecional e complexo (MEREDITH WEISS;

LACONI; MARSHALL, 2020).

2.3.7.6 Alteracoes Estruturais

Estudos de neuroimagem evidenciam reducdes de volume da substincia cinzenta no
giro frontal inferior, cortex orbitofrontal e cortex cingulado anterior/médio em individuos com
obesidade quando comparados a individuos eutroéficos. Em individuos que apresentam episodios
de compulsdo alimentar, este prejuizo mostra-se ainda maior (GARCIA-GARCIA et al., 2019).
Além disso, um maior IMC foi associado a uma menor espessura cortical, sendo as associacdes
mais robustas com o IMC observadas no cortex pré-frontal de criangas (LAURENT et al.,
2020). Essas regides estdo associadas a fun¢do executiva, incluindo controle inibitorio, e tais
alteragdes podem causar uma ruptura na habilidade de exercer propriamente o controle sobre o
consumo alimentar. A investigagdo de mecanismos neurais subjacentes a obesidade,

particularmente no DLPFC, suporta a relacdo entre obesidade e a imparidade do funcionamento
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executivo, como demonstrado tanto por estudos de neuroimagem quanto pela neurociéncia
cognitiva (FORCANO et al., 2020; ICETA et al., 2021).

A neuromodulacdio mal-adaptativa no sistema de recompensa, resultante de
modificagdes estruturais e na neurotransmissdo dopaminérgica, pode aumentar a suscetibilidade
dos individuos com FM a um comportamento alimentar disfuncional, a percepcdo e
sensibilidade a dor e a sintomas depressivos e ansiosos. O sofrimento psicologico e os déficits
no funcionamento executivo sdo provavelmente barreiras importantes para a perda e
manutengdo eficaz de peso nesses individuos. Tendo em vista isso, a investigacdo de possiveis
altera¢des de componentes hedonicos da alimentacdo em pessoas com FM pode permitir novos
avangos tanto na compreensdo fisiopatologica quanto para o adequado direcionamento de
modalidades terapéuticas, de modo a viabilizar resultados mais promissores e estratégias

preventivas eficazes.

2.3.7.7 Evidéncias do uso da ETCC na Modula¢do do Comportamento Alimentar

A érea alvo dos estudos em neuromodulagdo do comportamento alimentar ¢ o DLPFC,
uma regido cerebral complexa relacionada as fung¢des executivas que apoia o controle cognitivo
da ingestdo de alimentos. No geral, a hipotese subjacente ¢ de que o aumento da atividade do
DLPFC pode alterar o equilibrio recompensa-cognicao no sentido da facilitagdo do controle
cognitivo e possivelmente da supressdo de mecanismos relacionados a recompensa que
impulsionam o desejo alimentar e a ingestdo excessiva (VAL-LAILLET et al., 2015). Acredita-
se que o DLPFC possa ter um papel na inibicdo do desejo por alimentos hiperpalataveis,
exercendo uma modulagdo sobre regides sensiveis a recompensa, como o mPFC e OFC (HARE;

MALMAUD; RANGEL, 2011; HUTCHERSON et al, 2012; UHER et al., 2005). As
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possibilidades incluem mudangas nos mecanismos de controle cognitivo requeridos para
avaliagdo de recompensas (BAJBOUJ et al., 2018; CAMUS et al., 2009), vieses atencionais

(FREGNI et al., 2008) e controle inibitério (BAJBOUJ et al., 2018; LAPENTA et al., 2014).

A atividade reduzida do DLPFC direito na obesidade pode levar a alimentacdo
excessiva e representa um possivel envolvimento no controle inibitorio (ALONSO-ALONSO;
PASCUAL-LEONE, 2007). No entanto, o papel exato da ativagdo do DLPFC direito permanece
controverso, uma vez que individuos com obesidade que resistem com sucesso aos desejos
alimentares (food cravings) apresentam uma maior ativagdo no DLPFC esquerdo (GOLDMAN
et al., 2013). Ainda, estudos de neuroimagem sugerem que a normalizacdo da atividade do
DLPFC esquerdo pode ocorrer apos a perda de peso, uma vez que individuos eutréficos e ex-
obesos ndo apresentam diferengas na atividade cerebral (HIGUERA-HERNANDEZ et al.,
2018; LE et al., 2007). No entanto, os processos cognitivos especificos dependentes do DLPFC
afetados pela ETCC, que medeiam os efeitos comportamentais observados, ainda nio estdo

completamente estabelecidos.

Nao encontramos até o presente, estudos com protocolos de estimulacdo sobre o M1, ou
em outros sitios, visando modular comportamentos alimentares disfuncionais. No entanto,
hipotetizamos que a melhora da dor e dos sintomas relacionados a FM, tanto nestes individuos
quanto em pessoas com excesso de peso ou obesidade, que apresentam dor cronica como
comorbidade, possa impactar de maneira positiva no controle do food craving e dos dominios
do comportamento alimentar, através da reducao da dor, do estresse e consequente melhora da
qualidade de vida. Ainda, acreditamos que a melhora no comportamento alimentar, possa levar

a diminui¢do da adiposidade, exercendo efeitos positivos na dor € nos outros sintomas da FM.

Um estudo pioneiro que explorou os efeitos da ETCC no craving por alimentos
hiperpalataveis mostrou que uma Unica sessdo de ETCC anddica em DLPFC direito induziu

uma diminui¢do significativa no desejo por alimentos visualizados quando comparada a
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estimulagdo anddica em DLPFC esquerdo. Apds a estimulacdo simulada este desejo foi
significativamente aumentado, enquanto apds a ETCC em DLPFC esquerdo, os niveis de desejo
ndo mudaram. Estes resultados sugerem que ambas as condi¢des ativas de ETCC tiveram um
efeito na redugdo do desejo alimentar que tais efeitos podem estar relacionados a uma
modulagdo dos circuitos neurais associados a recompensa e tomada de decisdo (FREGNI et al.,
2008). Posteriormente, outros estudos que utilizaram o mesmo método, observaram um
aumento temporario na capacidade de resistir a alimentos hiperpalataveis, reducao do desejo por
alimentos doces e da ingesta caldorica (GOLDMAN et al, 2011; KEKIC et al., 2014;
LAPENTA et al., 2014). Com base nos achados de um ensaio clinico com mulheres saudaveis
que apresentavam frequentes desejos por alimentos hiperpalataveis, Lapenta et al. 2014
sugerem que ETCC em DLPFC direito ¢ capaz de adequar a ingestdo alimentar através da
modulag¢do do circuito de controle inibitdrio, demonstrado pelos potenciais evocados registrados
por avaliagdes eletroencefalograficas em uma tarefa Go/No-Go que apresentava um estimulo
visual alimentar e de controle. Em individuos com sobrepeso, uma sessdo de ETCC em DLPFC
esquerdo, combinada com exercicios, diminuiu a fome e aumentou a saciedade imediatamente

apos o exercicio e diminuiu o apetite 30 minutos depois (MONTENEGRO et al., 2012).

Ainda ndo ha consenso sobre protocolos terapéuticos de neuroestimulagdo especificos
para modulacdo de comportamento alimentar disfuncional e obesidade, no entanto, estimula¢ao
em DLPFC bilateral possui maiores evidéncias cientificas (FORCANO et al., 2020; SONG et
al., 2022). A literatura apresenta achados positivos tanto para estimulagdo anodal sobre DLPFC

esquerdo quanto para o direito.

Os protocolos de sessdes multiplas de ETCC mostraram-se superiores aos de sessdo
unica na reducdo do craving em individuos com transtornos alimentares, obesidade e transtorno

por uso de substincia em metandlise recente (SONG et al, 2022). Em individuos com

54



sobrepeso, JAUCH-CHARA et al.,, 2014 demonstraram que uma semana de ETCC diaria,
anodica em DLPFC direito, reduziu a ingestdo calorica total e escores de apetite autorreferidos.
Corroborando com esses achados e utilizando a mesma técnica, Ljubisavljevic et al. 2016
observaram que a duracdo destes efeitos podem estar presentes 30 dias apos a estimulagdo.
Revisoes sistematicas (DALTON et al., 2018; GOUVEIA et al., 2021) mostram haver
uma literatura crescente sobre o uso de procedimentos de neuroestimulagdo para o tratamento da
obesidade, transtornos alimentares e comportamentos alimentares relacionados (food cravings),
o que ¢ encorajador. No entanto, at¢ ao momento, a maioria destes estudos, devido ao seu
desenho, fornecem apenas evidéncias preliminares que sugerem que a neuroestimulagdo tem
potencial para alterar comportamentos alimentares disfuncionais, consumo alimentar e peso

corporal.

A grande maioria das evidéncias quanto ao uso da ETCC na neuromodulagdo do
comportamento alimentar e da obesidade, concentram-se nos resultados sob a atenuagdo do
craving e na diminui¢do do consumo calérico e/ou de alimentos hiperpalataveis (GOUVEIA et
al., 2021), enquanto os resultados desta técnica permanecem superficialmente explorados em
aspectos relativos a pensamentos e comportamentos alimentares restritivos, uso da alimentacao
em resposta a emogdes negativas e estados de humor e em tragos como descontrole e/ou
compulsividade alimentar. Ainda, a maioria dos estudos conta com protocolos de menos de 5
sessdes de ETCC e ndo possuem dados sobre acompanhamento. Mais ensaios clinicos sdo
necessarios para definir o nimero adequado de sessdes, bem como explorar outros sitios de
estimulacdo. A tabela 2 reune os principais estudos envolvendo o uso da ETCC visando

promover a modulacdo do comportamento alimentar disfuncional.
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Tabela 2. Principais estudos envolvendo o uso da ETCC visando promover a modulagdo do comportamento alimentar

disfuncional.
Referéncia Desenho Varidveis Intervengio N nostra Achados/Conclusdes
Fregni et al Ensaio Clinico Desejo por alimentos ETCC ativa e simulada 23 Adultos saudaveis ETCC em DLPFC direito induziu
Randomizado hiperpalataveis (Food (4nodo uma diminuic3o significativa no
2008 craving) esquerdo/catodo direito food craving quando comparada ao
e anodo direito/catodo DLPFC esquerdo e ambas as
esquerdo) do DLPFC. condig¢des ativas apresentaram um
Consumo alimentar efeito quando comparadas a
estimulagdo simulada.
Goldman et Ensaio Clinico Desejo por alimentos ETCC ativa e simulada 19 Adultos saudaveis ETCC ativa em DLPFC direito
al. 2011 Randomizado hiperpalataveis (Food (4nodo sobre DLPFC com desejos aumentou temporariamente a
craving) direito e catodo sobre o alimentares capacidade de resistir a alimentos
DLPFC esquerdo) frequentes hiperpalataveis e reduziu o desejo
por alimentos doces, quando
Consumo alimentar comparada a estimulagdo
simulada. Nao foram observadas
diferengas significativas no
consumo.
Lapenta et Ensaio Clinico Desejo por alimentos ETCC ativa e simulada 9 Mulheres adultas A ETCC ativa em DLPFC,
al. 2014 Randomizado hiperpalataveis (Food (4nodo sobre DLPFC saudaveis com comparada a simulada, reduziu o
craving), consumo direito e catodo sobre o desejos alimentares consumo alimentar e os efeitos
alimentar e seus DLPFC esquerdo) frequentes foram duradouros. Esses achados
mecanismos sugerem que a ETCC ¢ capaz de
subjacentes modular a ingestdo alimentar
através da modulagdo do circuito
de controle inibitorio, conforme
indexado pelos ERPs N2 e P3a em
respostas aos estimulos No-go.
Kekic et al. Ensaio Clinico Desejo por alimentos ETCC ativa e simulada 17 Mulheres adultas O desejo por alimentos doces, mas
2014 Randomizado hiperpalataveis (Food (dnodo sobre DLPFC saudaveis com ndo salgados, foi reduzido apds
craving) direito e catodo sobre o desejos alimentares ETCC ativa em DLPFC direito.
DLPFC esquerdo) frequentes Os participantes que exibiram um
comportamento de escolha mais
reflexivo foram mais suscetiveis
Desconto temporal aos efeitos anti-craving da ETCC
(medida de do que aqueles que exibiram um
impulsividade) comportamento de escolha mais
impulsivo (efeito moderador).
Montenegro Ensaio Clinico Sobrepeso ETCC ativa e simulada 9 Adultos com A ETCC associada ao exercicio
etal. 2012 Randomizado (dnodo sobre DLPFC sobrepeso teve maior efeito supressor do

Desejo por alimentos
hiperpalataveis (Food
craving)

Niveis de fome e
saciedade

esquerdo e catodo
sobre o DLPFC direito)
isolada ou combinada
com exercicio aerobico

food craving em comparagdo a
ETCC ou ao exercicio isolado.
Além disso, a ETCC associada ao
exercicio diminuiu a fome e
aumentou a saciedade
imediatamente ap6s o exercicio.
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Forcano et
al., 2020

Song et al.,
2019

Jauch-Chara et
al, 2014

Ljubisavljevi
cetal.,?2016

Ensaio Clinico
Randomizado

Metanalise

Ensaio Clinico
Randomizado

Ensaio Clinico
Randomizado

Consumo de
alimentos
hiperpalataveis

Cognigao

Perda de peso futura

Craving e Consumo
por drogas ou
alimentos
hiperpalataveis

Desejo por alimentos
hiperpalataveis (Food
craving)

Consumo alimentar

Desejo por alimentos
hiperpalataveis (Food
craving)

Consumo alimentar

ETCC ativa e simulada
(dnodo sobre DLPFC
direito e catodo sobre o
DLPFC esquerdo)
combinada com
treinamento cognitivo
(TC)

Estudos com ETCC em
DLPFC sesséo unica
versus multisessdo

ETCC ativa e simulada
(dnodo sobre DLPFC
direito e catodo sobre o
DLPFC esquerdo)

ETCC ativa e simulada
(dnodo sobre DLPFC
direito e catodo sobre o
DLPFC esquerdo)

18

48

14

30

2.3.8 - Associagcoes Genéticas e Bioquimicas

Adultos com
obesidade morbida

Individuos com
dependéncia quimica,
transtornos
alimentares ou
obesidade

Homens jovens
saudaveis

Adultos saudaveis
com desejos
alimentares
frequentes

ETCC ativa + TC reverteu a
assimetria frontal dominante
esquerda e aumentou a coeréncia
frontal aferida por EEG apoés a
intervengdo. A forga deste Gltimo
previu a redug@o do IMC. Neste
grupo também houve reducio da
ingestdo alimentar no
acompanhamento.

ETCC em DLPFC reduz o desejo
e os niveis de consumo, com
efeitos maiores em intervengdes
de sessdes multiplas em
comparagao as de sessdo Gnica.

Sessdes diarias de ETCC em
DLPEC direito por 8 dias reduziu a
ingestdo calodrica total e escores de
apetite autorreferidos.

5 Sessdes de ETCC no DLPFC
direito tém efeitos na redugdo do
Food craving, e a duragdo destes
efeitos esteve presente 30 dias apos
a estimulagdo.

Muitos polimorfismos nos genes da dopamina afetam fendtipos cognitivos, de imagem
ou clinicos, podendo impactar a disponibilidade ou a funcionalidade do produto génico
codificado (TUNBRIDGE et al., 2019). Em revisdo sistematica recente, Tunbridge et al. 2019,
avaliou polimorfismos funcionais em genes relacionados a dopamina, destacando efeitos
robustos e de médio a grande em quatro genes: DRD2 (polimorfismo TaqlA - rs1800497 e
rs1076560), influenciando a ligagdo do receptor de dopamina D2 e o splicing de DRD2, COMT
(polimorfismo Vall58Met), que afeta a atividade enzimatica e a estabilidade de proteinas e esta

relacionado a maior sensibilidade a dor e ao craving; DBH (polimorfismos rs1611115 e
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rs2519152, além do polimorfismo DBH-STR), associado a atividade da dopamina b-hidroxilase

e MAOA (polimorfismo 50 VNTR), relacionado a atividade da monoamina oxidase A.

Conforme exposto anteriormente, sabe-se que na FM ocorre uma secre¢do aumentada
de BDNF (CAUMO et al., 2016), enquanto individuos com obesidade tendem a apresentar
niveis mais baixos de BDNF sérico (GOLDEN et al., 2010; MCALLAN et al., 2018). O
polimorfismo BDNF-Val66Met (rs6265), uma variante genética do BDNF com perda de
funcdo, possui trés genotipos possiveis (Val/Val, Val/Met ou Met/Met). Esse polimorfismo
parece alterar a vulnerabilidade ao estresse, a reatividade do eixo HPA e do sistema de
recompensa, ambos envolvidos na fisiopatologia da obesidade e da FM, representando uma
possivel integracdo entre essas patologias (MIAO; WANG; SUN, 2020; NOTARAS; VAN
DEN BUUSE, 2020). Mulheres com FM apresentaram uma associagdo do polimorfismo
Val66Met (rs6265) do BDNF com a catastrofizagio da dor. Os homozigotos Val/Val
mostraram-se um potencial fator de risco genético associado a magnificagdo e ruminagdo dos
dominios da catastrofizagdo da dor na FM em comparacdo com controles saudaveis (DA
SILVEIRA ALVES et al., 2020). Ainda, os portadores do alelo Met apresentaram redugdo de
volume no hipocampo e DLPFC (FERRIS; WILLIAMS; SHEN, 2007; PEZAWAS et al.,
2004), com risco aumentado de tragos de ansiedade (ARIAS et al., 2012), comportamento
suicida (GONZALEZ-CASTRO et al., 2017)e dependéncia de alcool (MATSUSHITA et al.,

2005), enquanto o alelo Val foi associado ao uso abusivo de heroina (CHENG et al., 2005).

2.3.8.1 - Polimorfismo DRD2 Taq 1A4 (rs1800497)

A associagdo entre o genotipo do receptor dopaminérgico D2 e a obesidade em humanos

tem sido investigada (BAIK, 2013; TUNBRIDGE et al., 2019), e a maioria dos estudos
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genéticos de fMRI que investigam a recompensa alimentar consideraram um polimorfismo
comum, conhecido como TaqlA (rs1800497), cujo alelo Al foi positivamente associado ao
IMC em vérios estudos genéticos iniciais (NOBLE et al., 1994; SAVITZ et al., 2013;
SOUTHON et al., 2003). Este polimorfismo esta localizado a 10 kb abaixo da regido
codificadora do gene, na regido codificadora da proteina de um gene vizinho de repeticao de
anquirina ¢ dominio quinase 1 (ANKKI1) (NEVILLE; JOHNSTONE; WALTON, 2004). O
TaqlA (rs1800497) possui trés variantes alélicas: (A1/A1), (A1/A2) e (A2/A2). Estudos post
mortem e PET sugerem que individuos com uma ou duas copias do alelo Al apresentam 30—

40% menos receptores D2 em comparagdo com aqueles sem o alelo A1 (BAIK, 2013).

O gendtipo DRD2 esta associado a uma maior ingestdo caldrica/energética, bem como a
uma possivel relacdo com o refor¢o alimentar (EPSTEIN et al.,, 2004). Em homens, foi
observada uma associacdo entre o genotipo DRD2 e uma maior ingestdo de alimentos
considerados “nao-saudaveis” e ricos em calorias (COLLINS; FRANK, 2014). Além disso, o
alelo Al parece ser mais prevalente entre os individuos com diabete tipo 2 (BARNARD et al.,

2009).

Estudos genéticos de fMRI demonstraram que os portadores do alelo Al (A1l/Al e
A1/A2) apresentam respostas diminuidas em regides ricas em dopamina no cérebro (estriado
dorsal, mesencéfalo, tdlamo, OFC) ao consumir milkshake em comparagdo a uma solucao
insipida, quando comparados aos individuos com genétipos A2/A2 (FELSTED et al., 2010;
STICE et al., 2008). E importante ressaltar que essas respostas diminuidas as pistas e ao
consumo de recompensa alimentar previram o ganho de peso futuro nos portadores do alelo A1l
(Stice et al.,, 2008; Stice et al., 2010). Esses achados corroboram a ideia apresentada
anteriormente de que a dopamina modula a resposta atenuada a recompensa alimentar e
estimulos salientes na obesidade e em alguns transtornos alimentares (BECETTI et al., 2023;

BURGER; STICE, 2014). Ou seja, esses individuos podem recorrer ao consumo alimentar
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excessivo para compensar a hipofuncionalidade desse sistema, especialmente aqueles com
polimorfismos genéticos que parecem atenuar a sinalizagdo da dopamina nessas regides

(MARQUES-ITURRIA et al., 2015; STICE et al., 2008).

2.3.8.2 - Associagdo entre o Polimorfismo Taq 14 (rs1800497) e o BDNF

Alguns estudos exploraram a possivel associa¢do entre o alelo Al do polimorfismo
TaqlA (rs1800497) e niveis de BDNF (GROVES, 2007; NONINO et al., 2022), um fator de
crescimento que desempenha um papel importante na plasticidade cerebral, desenvolvimento
neuronal e regulagdo do humor (CAUMO et al., 2016; FRIELINGSDOREF et al., 2010), abrindo
novos caminhos para compreender a interacdo entre as caracteristicas genéticas e o0s

mecanismos de neuroplasticidade subjacentes a FM.

A presenga do alelo A1 no polimorfismo TaqlA (rs1800497) no gene do receptor D2 da
dopamina e o polimorfismo Val66Met (rs6265) no gene BDNF, isolados e/ou combinados,
parecem um fator de risco adicional para o desenvolvimento de transtorno de compulsdo
alimentar em pacientes com obesidade, especialmente no contexto de reganho de peso
(NONINO et al., 2022). Uma interacdo epistatica entre os polimorfismos TaqlA (rs1800497) e
BDNF Val66Met (rs6265) foi observada em alguns tracos de personalidade (Alexitimia, Busca
de Novidades e Esquiva de Danos) (MONTAG et al., 2010; WALTER et al., 2011) e na
gravidade dos sintomas do transtorno de estresse pds-traumatico (HEMMINGS et al., 2013). O
racional mais bem aceito por trds da interacdo dos polimorfismos do BDNF (rs6265) e do

DRD?2 (rs1800497) pode ser o fato de o BDNF estar envolvido na modulagdo, manutencio e
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funcionamento normal da neurotransmissdao dopaminérgica mesolimbica (BERTON et al.,
2006; BUSTOS et al., 2004; HUNNERKOPF et al., 2007). No entanto, mais estudos sdo

necessarios para se alcancar um completo entendimento dessa associagao.

2.3.8.3 - Preditores Genéticos de Resposta a ETCC

Pesquisas examinam como diferentes gendtipos podem modular a resposta a ETCC e
algumas investigagcdes sugerem que variacdes genéticas podem influenciar a resposta individual
ao tratamento. Esses achados contribuem para estratificar melhor os participantes em ensaios
clinicos e auxiliam na individualizagdo de protocolos para proporcionar um tratamento mais
efetivo. Tanto os niveis séricos quanto o polimorfismo Val66Met (rs6265) do BDNF tém sido
apontados como um fator que influencia o efeito neuromodulador de terapias farmacologicas e
nao farmacolédgicas no tratamento da dor crdnica, incluindo a ETCC (ZORTEA et al., 2019). O
polimorfismo Val66Met (rs6265) afeta a secrecdo de BDNF (EGAN et al., 2003), impactando
nos processos de plasticidade exercidos por este, anteriormente mencionados (Frielingsdorf,
2010). Na FM, o BDNF parece um intermediario entre a disfuncdo do sistema modulatorio
descendente da dor e os fenotipos emergentes caracterizados por sensibiliza¢do central e dor
cronica, possivelmente subjacente ao padrdo funcional entre areas corticais para processamento
e percepcdo da dor (DE OLIVEIRA FRANCO et al., 2022). Outro sistema envolvido no
processamento da dor, no food craving e provavelmente no efeito do tratamento € o sistema
monoaminérgico, no qual a enzima COMT desempenha um papel critico na degradagdo de
catecolaminas, como a dopamina. O polimorfismo COMT Vall58Met, que afeta a atividade
dessa enzima e a estabilidade das proteinas, parece moldar os efeitos da ETCC aplicada ao

DLPFC nas fungdes executivas (TUNBRIDGE et al., 2019; ZORTEA et al., 2019). Seguindo
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esse racional, o polimorfismo TaqlA (rs1800497) no gene do receptor D2 da dopamina, que
conforme exposto anteriormente, atenua a resposta dopaminérgica, também poderia predizer a
resposta individual & ETCC, especialmente em pacientes com FM e comportamento alimentar
disfuncional, onde a presenca do alelo Al exacerba os sintomas e estd associado a piores
respostas a outros tratamentos. No entanto, ndo encontramos estudos que considerassem essa
variante genética na resposta @ ETCC até o momento. Mais estudos que avaliem como
diferentes gendtipos podem modular a resposta @ ETCC s@o necessarios para elucidar se eles

tém um efeito essencial que ajudaria a definir protocolos individualizados e eficazes.

Considerando todo o exposto, a técnica de estimulacdo transcraniana de corrente
continua aplicada em diferentes sitios de estimulacdo, como DLPFC e MI1, ndo apenas
demonstrou eficacia na redugdo dos sintomas depressivos, mas também no controle dos
sintomas da fibromialgia e na melhora de comportamentos alimentares disfuncionais,
especialmente modulando aspectos relacionados ao food craving. Frente a isso, mais pesquisas
que possibilitem o desenvolvimento de intervencdes terapéuticas para promover o equilibrio do
sistema motivacional da dopamina e/ou a melhora da sintomatologia associada a FM, se fazem
necessarias para possibilitar uma melhora global no comportamento alimentar desses pacientes,

prevenindo ou tratando o ganho de peso e a obesidade.

2.5 Equipamento de ETCC para uso Domiciliar

Visando a operacionalizacdo do uso prolongado em nivel domiciliar, nosso laboratorio

em parceria com a Engenharia Biomédica do HCPA desenvolveu um aparelho com dois canais
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independentes, portatil e alimentado por baterias recarregaveis, possibilitando aplicacdo em
ambiente domiciliar. O dispositivo esta registrado na Agéncia Nacional de Vigilancia Sanitaria
(Anvisa) sob o nimero n.°80079190028. Este dispositivo foi desenvolvido e validado para uso
doméstico, conforme demonstrado pela sua utilizacdo anterior em diversos ensaios realizados
pelo nosso grupo (BRIETZKE et al., 2020; CARVALHO et al., 2018; CAUMO et al., 2022). O
aparelho monitora a impedancia de contato a uma taxa de amostragem de 1 mA e interrompe a
sessdo caso a impedancia ultrapasse um valor pré-determinado de 1 mA por um intervalo de 5
segundos ou se a corrente elétrica sofrer alteragdo superior a 10%. O equipamento registra o
tempo e a duracdo do uso, bem como o tempo da sessdo, permitindo o monitoramento da
adesdo. Desde julho de 2020, quando esse protocolo estava em andamento, o aparelho esta
sendo comercializado apds aprovacdo da ANVISA e concessdo de direitos a empresa que o

obteve a concessao.
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3. JUSTIFICATIVA

Conforme descrito anteriormente, estd estabelecido na literatura que a presenca de
excesso de peso/obesidade exerce um impacto negativo na progressao € no prognostico de
pacientes com FM, acarretando custos adicionais para o sistema de satide e agravando a
qualidade de vida. Evidéncias atuais demonstram possiveis vias fisiopatologicas

compartilhadas por essas duas patologias, bem como uma sinalizagdo dopaminérgica alterada.

O polimorfismo TaqlA no gene do DRD2 afeta a transmissdo dopaminérgica,
especialmente nas areas pré-frontais e estriatais do cérebro, e também pode predispor a uma
maior ingestdo caldrica, menor resisténcia a alimentos hiperpalataveis, aumento da percep¢ao e
sensibilidade a dor, além de sintomas depressivos e ansiosos. Portanto, ¢ importante rastrear a
presenca desse polimorfismo em individuos com FM, que apresentam um comportamento
alimentar disfuncional e subsequente ganho de peso. Se confirmado, isso pode abrir caminho
para a elabora¢do de novas estratégias de cuidado que envolvam técnicas modulatorias de
mudanca de comportamento. A utilizacdo da ETCC para o tratamento da dor e a modulagao do

comportamento alimentar disfuncional ja apresenta evidéncias na literatura.

A possibilidade de usar a ETCC domiciliar em pacientes com fibromialgia possui varias
vantagens, pois além de ser ndo invasiva, ¢ indolor, simples e de baixo custo. Além disso,
considerando que esses pacientes geralmente tém dificuldade de locomogdo, o uso desta

técnica representa um grande diferencial na ades@o ao tratamento.
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5. OBJETIVOS

5.1 GERAL

Avaliar o efeito de 20 sessoes de ETCC domiciliar aplicada sobre o cortex pré-frontal
dorsolateral (DLPFC) esquerdo ou no cortex motor primario (M1) sobre a gravidade dos

sintomas alimentares disfuncionais em mulheres com fibromialgia.

5.2 ESPECIFICOS

1. Avaliar se o polimorfismo genético TaqlA alelo Al (rs1800497) no gene do receptor
D2 da dopamina atua como mediador na resposta a ETCC, aplicadas no DLPFC e no

M1, no comportamento alimentar disfuncional na FM;

2. Investigar o papel das variagcdes na neuroplasticidade entre os individuos, indexadas por

alteragcdes no fator neurotréfico derivado do cérebro (BDNF) ao longo do tratamento;

3. Analisar a relagdo entre o polimorfismo TaqlA (rs1800497) no gene do receptor D2 da
dopamina e a resposta a ETCC no comportamento alimentar, considerando a gravidade
dos sintomas da fibromialgia, incluindo incapacidade, sintomas depressivos, nivel de

sensibilizacao central ¢ medidas de dor;

4. Investigar se a gravidade dos padrdes disfuncionais do comportamento alimentar (7hree
Factor Eating Questionnaire-21 ¢ Food Craving Questionnaire — traco e estado) e o
excesso de peso e circunferéncia abdominal estdo correlacionados com o fator
neurotrofico derivado do cérebro (BDNF) sérico e com o polimorfismo TaqlA

(rs1800497) no gene do receptor D2 da dopamina.
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ABSTRACT

Objective: To investigate if the severity of food cravings, disrupted eating patterns, and
overweight status is correlated with serum brain-derived neurotrophic factor (BDNF), the
severity of fibromyalgia (FM) symptoms, and the presence of the Taql A genetic polymorphism.
Methods: This cross-sectional study included 106 women diagnosed with fibromyalgia (aged
30-65). Participants were divided into two groups based on the presence of the Al allele on the
TaqlA polymorphism (rs1800497): Al+ (n = 42) and Al- (n = 64). Instruments and
assessments: the Food-Cravings Questionnaires (FCQ-state-S and FCQ-trait-T), the Three-
Factor Eating Questionnaire-21 (TFEQ-R21), the Eating Disorder Examination Questionnaire
(EDE-Q), the satiety perception (rated on a scale of 0—10) and anthropometric measures.
Results: A Generalized Linear Model (GLM), adjusting for mood, disability, and central
sensitization, revealed a significant main effect of TaqlA genotype on food craving trait
severity (2 = 3.93, P < 0.04). The Al+ genotype showed higher trait food cravings based on
the adjusted marginal average and standard deviation [111.21 (38.03) on A+ compared to 91.21
(34.50) on Al-], respectively. Food craving severity correlated negatively with BDNF and
positively with depressive symptoms, central sensitization, and pain-related disability. The Al
allele moderated satiety perception, central sensitization, restraint (EDE-Q), body mass index,
and waist circumference.

Conclusion: Al+ carriers exhibited more intense food cravings associated with fibromyalgia
symptoms, emphasizing the intricate connection between craving, disordered eating, and
fibromyalgia severity. This study provides a framework integrating fibromyalgia symptoms,
neuroplasticity, and dopaminergic signaling to explain the elevated prevalence of overweight

status in individuals with fibromyalgia.
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1. INTRODUCTION

Fibromyalgia (FM) is characterized by widespread musculoskeletal pain, fatigue, cognitive
impairment, and other symptoms associated with central sensitization (Yunus, 2008). Moreover,
observational studies have found a strong link between fibromyalgia and obesity; up to 70% of
FM patients are overweight or obese, which is higher than the rate of obesity and overweight in
the general population (Narouze & Souzdalnitski, 2015). FM and obesity exhibit shared
features, suggesting the presence of maladaptive processes. In this context, brain-derived
neurotrophic factor (BDNF) emerges as a key player with relevance to both conditions (Elkfury
et al., 2021). BDNF, integral to neuronal growth and maintenance, has been linked to disordered
eating and is implicated in the neurobiological mechanisms underlying emotional aspects in FM
and obesity. Simultaneously, genetic factors, specifically dopamine receptor genotypes,

contribute to the intricate interplay between FM and obesity.

The mesocorticolimbic dopamine circuits that control motivation and cognitive processes have
a large effect on how people eat and how much pain they feel (Volkow et al., 2008). Highly
palatable foods, as well as pain and relief experiences, both have an impact on brain circuits that
control motivation, salience, and decision-making (Leknes and Tracey, 2008). The TaqlA
polymorphism (rs1800497) is a genetic variation found in the ANKK1 gene, close to the DRD2
gene, which codes for dopamine. This polymorphism has been extensively studied due to its
association with differences in DRD2 density in the brain (Aliasghari et al., 2021). It is possible
for people who have at least one A1 allele (A1+) to have 30% to 40% fewer DRD2 receptors in
their striatum than people who do not have this allele (Jonsson et al. 1999), and this reduction in
DRD2 density has been suggested as a potential risk factor for various addictive behaviors,
including overeating (Noble et al. 1994). It is important to understand how the TaqlA

polymorphism affects behaviors to fully understand how genetic, environmental, and
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neurobiological factors interact to induce conditions like obesity and addiction. Notably,
changes in dopamine signaling seem to play a part in FM, just as they do in obesity, eating
disorders, food cravings, and addictive disorders (Volkow et al., 2017). Previous studies on
people with fibromyalgia have found that DRD2 is more sensitive or present in denser
concentrations and there is also a link between the number of dopamine D2/D3 receptors in
women with fibromyalgia and their pain level as compared to healthy women (Ledermann et al.,
2016). Since dopaminergic circuits are involved in the pathophysiology of both FM and obesity,
more study is necessary to completely understand how food cravings and disordered eating can
be influenced by neuroplasticity status, genetic variation, and FM symptoms (Ursini et al.,

2011).

This study investigates the associations between the TaqlA (rs1800497) polymorphism,
disordered eating, overweight, BDNF, and the severity of FM symptoms. We hypothesize that
the severity of food cravings, disrupted eating patterns, and overweight status would be
correlated with the serum BDNF, the severity of FM symptoms, and the TaqlA+

polymorphism.

2. METHODS

Study design

This cross-sectional study used the baseline data from one clinical trial registered under the
ClinicalTrials.gov number NCT04192058. The protocol was approved by the Research Ethics
Committee at the Hospital de Clinicas de Porto Alegre (HCPA), Porto Alegre, Brazil, with an
Institutional Review Board registration number of 12625718.9.0000.5327 in the CAAE registry.

Prior to participation, all subjects provided both verbal and written informed consent.

Setting, participants, and eligibility
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Using the baseline data from the sample of one trial conducted in our institution between May
2019 and June 2022 via newspaper ads and the HCPA outpatient pain clinic in Porto Alegre,
Brazil, subjects were diagnosed with fibromyalgia by a certified pain specialist using the
American College of Rheumatology criteria (ACR-2016). Inclusion criteria were: women aged
30-65, right-handed, literate, and reporting pain scores > 50 mm on a 0—100 mm visual analog
pain scale (VAS 0-100 mm) on most days over the preceding three months. Exclusion criteria
included: shift work, current or recent pharmacological treatment for obesity, history of bariatric
surgery, pregnancy, present illicit substance/alcohol use, uncontrolled -clinical/psychiatric
diseases, rheumatoid arthritis, lupus, autoimmune/neurological/oncological conditions, and

COVID-related symptoms.

Instruments and assessments

Eating behavior, anthropometric measures, psychological, and clinical assessments were
performed by two trained research assistants blinded for the outcomes. All instruments used

were validated to the Brazilian population.

Dependent and independent variables

The study's dependent variable was the food craving trait scores (primary outcome). Secondary
outcomes included food craving state scores, and both measured by the Food-Cravings
Questionnaires (FCQ), while eating behavior domains (cognitive restraint, uncontrolled eating,
and emotional eating) were measured by the Three-Factor Eating Questionnaire-21 (TFEQ-
R21). Additional measures included satiety, assessed by a numerical rating scale, and Body
mass index (BMI). The study's primary factor of interest was the TaqlA (rs1800497) genetic
variant, with other covariates consisting of pain catastrophizing, disability due to pain, impact of
fibromyalgia symptoms on quality of life, depressive symptoms, sleep quality, symptoms of

central sensitization, and BDNF.
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Assessment of primary and secondary outcomes

a. The FCQ was implemented, consisting of two domains: the FCQ-trait-(T) assessment,
with 39 questions across nine dimensions for assessing food-craving behavior patterns, and
the FCQ-state-(S) assessment, with 15 questions in five dimensions for measuring current

food cravings. Higher scores indicated stronger cravings.

b.  The TFEQ-R21 assessment was used to assess three domains of eating behavior:
uncontrolled eating (UE) (primary outcome), cognitive restraint (CR), and emotional eating
(EE). Each domain was scored separately, with higher scores indicating a greater likelihood

of disordered eating. Total scores for each domain could range from 0 to 100.

c.  The EDE-Q test assessed eating psychopathology symptoms over the preceding 28
days. The instrument was comprised of four subscales: restraint, eating concern, shape
concern, and weight concern. Scores were calculated by averaging responses within each
subscale and across all subscales. Cutoff points provided thresholds for identifying elevated
levels of eating psychopathology: the global scale (2.12), restraint subscale (1.49), eating

concern (1.37), weight concern (2.63), and shape concern (2.12).

d.  Volunteers responded to a single question regarding their satiety for non-specific,
sweet, and savory foods using a 10-point Numerical Rating Scale (NRS), in which "0"
indicated no desire or need to eat, and "10" denoted a very prominent desire or need to eat.
Additionally, participants reported the times within a 24-hour period when these sensations

were most and least prominent, following the protocol outlined by Jauch-Chara et al. (2014).

Anthropometric assessment
Height and weight assessment were performed by the same researcher using standardized

techniques. BMI was also calculated based on these measurements. Additionally, waist
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circumference (cm) was determined using an inelastic tape at the widest abdominal perimeter
between the iliac crest and the last rib (Sanny, TR4013). The reported outcome was the average

of three measurements.

Sociodemographic and medical comorbidities, psychological and sleep assessments, pain and

central sensitization measurements, pain catastrophizing, and depressive symptoms

e. Participants in the study completed a standardized questionnaire providing information on
medical comorbidities and sociodemographic data. Pain intensity was measured using a
Numeric Pain Scale (NPS 0-10), in which a score of zero indicated no pain and a score of
ten represented the highest level of pain experienced most of the time in the past week.

f. The Fibromyalgia Impact Questionnaire (FIQ) assessed the impact of fibromyalgia on
quality of life.

g. The Profile of Chronic Pain: Screening (Br-PCP:S) was used to evaluate individuals’
multidimensional pain experiences, including severity, disability, and emotional burden.
The total score on this scale ranged from 0 to 93 points.

h. The Central Sensitization Inventory (BP-CSI) was employed to assess the symptoms of
central sensitivity syndromes.

i. The Beck Depression Inventory-II (BDI-II) was employed to assess the severity of
depressive symptoms.

j. Pain catastrophizing was evaluated using the Pain Catastrophizing Scale (B-PCS).

k. The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality.

Determination of the TaqlA (rs1800497) genetic variant and serum BDNF
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e. TaqlA Polymorphism (rs1800497): Blood samples were collected via venipuncture with
EDTA-containing tubes and total DNA was extracted and purified using the PureLink®
Genomic DNA Kit from Invitrogen, ThermoFisher Scientific. Then, the genotyping of the
TaqlA (rs1800497) polymorphism was performed at the HCPA Experimental Research
Center. A StepOnePlusTM Real-Time PCR System by Applied Biosystems Inc, Foster
City, USA, along with a pre-designed TagManTM SNP genotyping assay from Thermo
Fisher Scientific (catalog 4351379, assay ID C7486676), was used for genotyping. The

AA and AG genotypes corresponded to A1+, while GG corresponded to Al-.

f. Serum BDNF concentration: Blood samples were collected using vacuum heparin gel
tubes. After centrifugation for 15 minutes at 500 rpm, serum was obtained and
immediately stored at -80 °C until the assay was performed. The serum concentration of
BDNF was determined using the ELISA method, employing a human BDNF ELISA kit
(CYT306, Chemicon/Millipore, Billerica, MA, USA). For the ELISA assay, optical
density readings were obtained using either the GloMax®-Multi Microplate Reader from
Promega or the Bio-Plex®-200 device from Bio-Rad. Total protein levels were measured
using the Bradford method, with bovine serum albumin used as a standard following the
manufacturer's instructions. The kit had a detection limit of 0.08 ng/mL for serum BDNF
concentrations, with intra-assay and inter-assay coefficients of variation (CV) below 10%

and 12%, respectively. Concentration values were expressed as pg/ml of protein.

Statistical analyses
Descriptive statistics were used to summarize socio-demographic characteristics, employing t-
tests, Chi-squared tests, and Fisher's exact tests for comparisons between groups. The Shapiro-

Wilk test assessed data normality, with most dependent variables not meeting criteria for
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parametric analysis. Spearman correlation coefficients examined relationships between
covariates (e.g., BDNF, sleep quality, pain catastrophizing, depressive symptoms, central
sensitization scores) and dependent variables (e.g., FCQ state and trait, TFEQ-R21, and
domains), satiety, and BMI.

Generalized linear models (GLMs) were used to assess Taq Al polymorphisms (A+ and A-) in
relation to eating behavior, considering the potential mediation of clinical symptoms (BDNF,
central sensitization, pain catastrophizing, sleep quality, depressive symptoms). Covariates were
selected based on statistical and biological plausibility criteria. Chi-square tests effect size was
measured using Cramer's V. Moderation analysis explored how the Al allele influenced the
relationship between disordered eating behavior and previously linked factors. IBM SPSS
Statistics 26 and SPSS Process Macro were used for analyses. Multiple comparisons were
adjusted using the Bonferroni test. A Type I error rate of 5% was accepted.

A post-hoc power analysis was run because was a lack of previous studies on food craving
patterns in relation to the TaqlA (rs1800497) genetic variants Taq A1 A+ and A- in FM cases.
Thus, we analyzed the power of GLM analysis to verify if the genetic variant Taq Al was
linked to the severity of food craving patterns in FM. This power analysis revealed that, in a
sample of 106 patients, based on the adjusted effect size of the GLM, which was equal to 0.4 (x2
=3.93, DF = 1, P < 0.04) for a type I error equal to 0.05, the power of the study was 98% (Xu et

al., 2022).

3. RESULTS

3.1. Demographic, clinical, and psychiatric characteristics

We initially screened 250 patient candidates for our study; of these, 144 patients were excluded
because 116 did not meet inclusion criteria and 28 had symptoms associated with SARS-CoV-2.

Our final sample consisted of 106 females. Based on the Taql A (rs1800497) genetic variant, 42
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were found to have Taq A1 A+, and 64 were found to have A-. Table 1 summarizes the clinical
features and demographics. As shown in Table 1, we noticed a trend imbalance in BDNF levels

despite no differences between the groups.

insert table 1 here

3.2. Assessment of state and trait food cravings and eating behavior domains

Table 2 presents the univariate analysis of comparisons of groups according to TaqlA
polymorphism (rs1800497) for A1+ and Al- variants. These outcome measurements consisted
of state and trait food cravings and various eating behavior domains, including cognitive
restraint, uncontrolled eating, and emotional eating. Additionally, it was compared to the
perception of satiety. We did not find significant differences in these measures.

Insert table 2

3.3. Assessment of relationship between independent variables to identify

potential confounders.

We used Spearman correlation analysis to identify covariates that could change the
relationship between the outcomes (food cravings, eating behavior domains, and BMI) and the
TaqlA polymorphism (rs1800497). The parameters included in the correlation analysis

encompassed scores related to pain catastrophizing, disability due to pain, depressive symptoms,
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sleep quality, heat pain tolerance, and BDNF. The results of this analysis are presented in Table

________________ Insert Table 3

3.4. Food craving patterns according to the TaqlA polymorphism (rs1800497)

Al+ and Al- genotypes

3.4.1. Primary outcome

A GLM revealed a significant main effect of the TaqlA polymorphism (rs1800497) food
craving patterns (FCQ-T scores) according to genotypes Al+ (n = 42) and Al- (n = 62) (2 =
3.93, DF = 1, P < 0.04). The adjusted marginal means of trait food cravings in the genotypes A+
were 111.21 (SD, 38.03) and 91.21 (34.50), respectively. The severity of the food craving score
was negatively correlated with serum BDNF. In contrast, it exhibited positive correlations with
depressive symptoms, central sensitization level, and the level of disability due to pain.

In the final GLM, only the covariates that had a significant relationship with the food craving
score were retained. There was a large ES on food cravings for the A1+ compared to the A-
genotypes (2 = 3.99; ES = 0.40). Similarly, a large ES was observed for clinical symptoms
related to fibromyalgia on the food craving pattern (as shown in Table 4). In summary,
disordered eating in fibromyalgia was positively correlated with the severity of symptoms

related to mood, disability, and central sensitization.

.................. Insert figure 1
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3.4.2 Secondary Outcomes

The GLM analysis showed that the Taql A polymorphism (rs1800497) was not linked to state of
food cravings, uncontrolled eating, emotional eating, cognitive restraint, and BMI. The adjusted
results from the general linear models (GLMs) are presented in Table 5.

These models retained variables associated with the respective outcomes: state of food cravings,
uncontrolled eating, and emotional eating. No covariable was retained in the model with
cognitive restraint as the outcome, so we did not present this outcome in the table. Both the state
of food cravings and emotional eating exhibited an inverse correlation with BDNF. Additionally,
the state of food cravings was associated with pain catastrophizing, depressive symptoms, and
disability due to pain.

The interaction analysis of the Taq Al polymorphism, as presented in Table 5, reveals a
noteworthy influence of the Tag A1 A+ genotype on the correlation between BMI, BDNF, and
the severity of disability due to pain. Specifically, when examining the correlation between serum
BDNF and BMI in isolation, a positive relationship is observed. However, the introduction of the
Taq Al A+ genotype modifies this correlation, indicating an interactive effect between the Taq
A+ polymorphism and BDNF.

Moreover, the level of disability due to pain is initially positively correlated with BDNF.
However, the introduction of the Taq A+ polymorphism transforms this correlation into a
negative association with BMI. This suggests moderator effect of this polymorphism with the

neuroplasticity (as indicated by BDNF levels), and the impact of pain-related disability on BMI.

Insert table 5 ---————mmemememm
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3.5. Secondary analysis: Al Genotype's Moderating Influence on the Link
Between Anthropometric Measures, Eating Behavior, and Central Sensitization

Severity

We performed regression analyses to examine the impact of the A1 genotype on the association
between eating behavior, anthropometric measures, and the severity of fibromyalgia symptoms.
Table 6 displays the results, highlighting a moderating effect of the Al genotype in these
relationships. Figure 2 (A, B, C) visually demonstrates how the linear relationship shifts

direction based on the presence of the Al allele.

Figure 2

4. DISCUSSION

These findings underscore the complex relationships among Taql A polymorphism (rs1800497),
clinical symptoms, neuroplasticity state, and eating behavior in the context of fibromyalgia. (i)
It was found that people with the TaqlA polymorphism (rs1800497) Al+ genotype were more
likely to have stronger food cravings. They add to the evidence that higher BMI, waist
circumference measurements, food cravings, uncontrolled eating, and emotional eating are all
linked to more severe depressive symptoms, pain exaggeration, central sensitization symptoms,
and disability due to pain. (iii) They revealed the moderator effect of Al+ genotype in the
relationship between eating behavior, anthropometric measures, disability due to pain and
central sensitization symptoms. Besides, the considerable effect sizes (ES) observed in these
measures emphasize a strong connection between clinical symptoms of fibromyalgia and

disordered eating.
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The novelty of this study is its construction of a framework integrating the severity of
symptoms due to fibromyalgia with changes in the state of neuroplasticity and TaqlA
polymorphism (rs1800497) to comprehend their relationships to food craving and disordered
eating paradigms according to the TaqlA polymorphism (rs1800497) A+ and A-. More
precisely, from a conceptual perspective, our findings could explain the pathophysiological
processes underlying disrupted eating in fibromyalgia that are linked with the neuroplasticity
state indexed by serum BDNF. These results show how the TaqlA polymorphism can affect
eating behavior that leads to overeating and how these behaviors are linked to symptoms of
fibromyalgia. In a broader sense, these findings contribute to a greater understanding of the
pathophysiological processes that lead to disordered eating in people with fibromyalgia, which
is in line with a heuristic biopsychosocial model. These findings are valuable for improving
diagnosis and potentially accelerating the translation of results into clinical practice. The way
this study was organized, as well as the complicated relationships between the variables, make it
impossible to establish clear cause-and-effect links. However, the fact that these factors were
associated with a higher BMI suggests such links are likely to exist. The severity of
fibromyalgia's core symptoms, such as disability due to pain, depressive symptoms, central
sensitization, and pain catastrophizing, can help doctors assess which patients are more likely to
have greater problems related to eating behaviors. This information could thus be used as
biofeedback to help such patients heal through therapy and rehabilitation. Likewise, these
findings suggest that an increased prevalence of disordered eating, overweight, and obesity in
fibromyalgia patients is linked to the TaqlA polymorphism, combined with the severity of
cardinal symptoms of fibromyalgia.

These findings strongly link the TaqlA genotype (rs1800497) A+ allele to changes in eating
behavior and food cravings. This is consistent with other research that has shown that brain

dopamine plays a role in eating behaviors in both healthy (Volkow et al., 2003) and overweight
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people (Marqués-Iturria et al. 2015). Additionally, previous research found that possessing
fewer striatal D2 receptors was linked with food cravings (Yeh et al. 2016). Thus, overeating
observed in fibromyalgia patients carrying TaqlA supports the idea that people carrying this
polymorphism might have trouble controlling eating. Similarly, these results show that this
association may be stronger for people who are constantly stressed, like those with fibromyalgia
and pain (Groesz et al. 2012). Thus, this disrupted eating could be linked to disinhibition in
brain circuits, including the cingulate gyrus (CG) and the dorsolateral prefrontal cortex
(DLPFC). These brain regions are essential for controlling cravings and preventing oneself from
doing something (Koob and Volkow 2016). Other studies have shown that the Al allele of the
Taql A polymorphism reduces the number of D2 receptors, which makes subjects more likely to
have problems with their eating and become addicted (Obregén et al., 2022; Montalban et al.,
2023). This hypothesis is biologically plausible, as dopamine plays a crucial role in various
brain functions, including motivation, reward, and pleasure. Thus, the link between the allele
A+ TaqlA genotype and disordered eating patterns could be related to disruptions in the
dopamine system (Lowe et al., 2013). Conversely, people lacking the A1l allele may experience
fewer intense food cravings, potentially positively impacting weight control (Davis et al., 2007).
Our results demonstrate that the TaqlA polymorphism and disordered eating are positively
correlated with score fibromyalgia symptom, such as pain catastrophizing, depressive
symptoms, central sensitization, and pain-related disability. The symptoms in question have
been previously associated with an imbalance in excitability and inhibition, as evidenced by
neurophysiological measures, such as cortical excitability, efficiency of descending pain
inhibitory systems, and serum BDNF levels (Zanette et al., 2014; Cardinal et al., 2019;
Soldatelli et al., 2021). Accordingly, previous studies suggest that this imbalance is
characterized by the strengthening of glutamatergic neuronal excitatory transmission and the
weakening of the gamma-aminobutyric acid (GABAergic) system. This intricate process forms

the foundation of the imbalance, emphasizing the interplay between the Taql A polymorphism
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and BDNF. Additionally, these findings highlight the crucial role of the interplay between
TaqlA polymorphism and BDNF in mediating the relationship between the imbalance of
excitability and inhibition and the severity of clinical symptoms associated with pain and
disordered eating behaviors. Despite the complex relationship between neurobiological
processes, such as neuroplasticity processes, genetic polymorphisms, and the positive
correlation between the severity of fibromyalgia symptoms and disruptive eating behavior,
according to previous studies, these factors form a cascade of events as part of the maladaptive
coping strategy of compensatory eating behavior, which is connected to chronic stress (Amy
and Kozak, 2012; O’Loughlin and Newton-John, 2019). Moreover, other factors may modulate
these relationships, such as reduced physical activity or side effects of medications used to
manage chronic pain, which increase appetite or weight gain (McLoughlin et al., 2011; Arnold
et al., 2012).

In contrast, the present study found that relationship between serum BDNF and disordered
eating appeared to follow an opposite trend. This finding aligns with recent meta-analyses
indicating lower serum BDNF levels in subjects with eating disorders as compared to those
without (Shobeiri et al., 2022). Such findings are consistent with the literature, highlighting
BDNF as a crucial regulator of eating behavior (Saito et al., 2009; Monteleone and Maj, 2013).
Previous animal studies further support this, demonstrating that BDNF knockouts induced
hyperphagia and obesity, while BDNF administration decreased food intake and body weight
(Nakagawa et al. 2000; Kernie 2000). A relevant finding of the present study is that the serum
BDNF was conversely correlated with trait food craving and BMI. This is in line with the
literature, which has shown that individuals with obesity tend to have lower levels of serum
BDNF compared to those with a healthy weight (Golden et al., 2010; McAllan et al., 2018).
This association has led to investigations into the potential impact of BDNF on bodyweight

regulation and metabolism (Wang and Zhou, 2002). From the same perspective, it has been
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demonstrated that BDNF is involved in the regulation of appetite and energy balance (Urabe et
al., 2013).

When we looked at the interaction analysis, we saw that the Taql A polymorphism changed the
direction of the correlation between BMI and BDNF. Besides, a similar effect was found in the
correlation between BMI and the severity of pain-related disabilities in Taql A+ individuals.
This moderator effect fits with what Wang et al. (2001) say about how genetic differences can
affect neurobiological pathways and physiological responses. This is an interesting example of
how genetic factors, mainly the TaqlA polymorphism, can change the links between
neurological factors like BDNF, obesity symptoms, and disabilities caused by pain. This fits the
idea that genetic differences can be essential moderators, changing the complex relationship
between BMI and health outcomes, as Johnson et al. (2011) have shown. These moderator
effects are crucial for determining the complicated links between genetics, obesity, and health
problems. This fits with the bigger picture of how genes and the environment interact,
highlighting the importance of looking at the effects of genetic differences on health outcomes
from a broad perspective.

It is important to acknowledge the limitations of this study regarding its design and the
interpretation of these results. First, despite the initial hypothesis, which postulated that we
would find differences in eating behavior domains between groups with and without the TaqlA
polymorphism, the study did not find such distinctions. This lack of difference may be attributed
to a type II error due to insufficient power for some secondary outcomes. Second, it is possible
that, despite control efforts, the effect of confounding factors (i.e., psychiatric comorbidities,
psychotropic medications, and psychiatric symptoms) that could influence the relationship of
TaqlA genetic variant on eating behaviors persisted, a residual confounding effect of these
factors. Third, we included only women; although such homogeneous sampling reduces the
potential for confounding bias, it also limits the external validity. Even though it is limited, they

can be extrapolated for most fibromyalgia, which is still prevalent at higher rates in women than
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in men (Ruschak et al., 2023). Also, the absence of a follow-up period limited our ability to gain
a better understanding of the impact of the relationship between the Taql A polymorphism and
the dysfunctional neuroplasticity as factors affecting disordered eating and overweight in the
long-term.

In conclusion, Al+ carriers exhibited more intense food cravings associated with fibromyalgia
symptoms, emphasizing the intricate connection between craving, disordered eating, and
fibromyalgia severity. This study provides a framework integrating fibromyalgia symptoms,
neuroplasticity, and dopaminergic signaling to explain the elevated prevalence of overweight

status in individuals with fibromyalgia.
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Table 1. Sample characteristics according to the presence or absence of Taq A1 polymorphism (n=106).

Al+ group Al- group p-value
(n=42) (n=64)
Frequency (%) 39.60 60.40
Demographic and anthropometric data
Age (years)" 48.5 (43.75-56.00) 51.5(39.25-57.75) 0.97
Body Weight 75.32 (68.60-81.58) 73.75 (64.22-85.75) 0.95
Height (m)" 1.58 (0.60) 1.61 (0.60) 0.10
BMI (Kg/m?)*" 29.60 (3.92) 29.63 (5.45) 0.97
Waist circumference (cm)* 96.23 (9.10) 97.79 (12.97) 0.51
Formal education (years)" 12.57 (4.00) 11.92 (4.90) 0.48
Clinical, psychiatric, and psychological data
Psychiatric disorder 32/42 51/64 0.67
Anxiety 20/42 29/64 0.77
Depression 26/42 21/64 0.82
Bipolar mood disorder 1/42 0/64 0.19
Panic disorder 7/42 9/64 0.44
Tobacco 11/42 10/64 0.20
Alcohol 19/42 20/64 0.26
Substances 7/42 6/64 0.21
Hypertension 9/42 15/64 0.70
Diabetes Mellitus 2/42 5/64 0.27
Fibromyalgia Impact Questionnaire — FIQ* 17.00 (13.00-20.50) 16.00 (12.25-19.75) 0.48
Pain Catastrophizing Scale Total Score— pcs* 37.00 (31.00-42.00) 37.00 (28.25-43.00) 0.96
Rumination - PCS * 12.50 (10.00-14.00) 12.00 (9.25-14.00) 0.75
Magnification- PCS* 9.00 (6.00-10.00) 9.00 (6.00-10.00) 0.92
Helplessness- PCS* 16.00 (13.00-19.00) 17.50 (12.00-20.00) 0.99
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Pittsburgh Sleep Quality Index -PSQI* 13.51 (3.75) 12.83 (3.43) 0.35

Brazilian Portuguese Central Sensitization 65.00 (57.00-73.00) 69.5 (52.5-77.00) 0.43
Inventory — BP-CSI¥

Beck Depression Inventory — BDI II " 26.01 (11.23) 25.96 (10.64) 0.95

Psychotropic medication

Antidepressants 25/42 42/64 0.91
Tricyclic antidepressants 6/42 12/64 0.10
Dual Action Antidepressants 17/42 18/64 0.15
Selective serotonin reuptake inhibitors 8/42 20/64 0.18

Benzodiazepines 6/42 11/64 0.71

Anticonvulsants 12/42 21/64 0.30

Opioids 12/42 15/64 0.43

Laboratorial

Serum brain-derived neurotrophic facto * 31.48 (23.86-58.99) 44.77 (25.80-75.34) 0.22

* Parametric data were assessed by Student’s T test for independent samples; values represented as mean standard (+ standard deviation (SD)).
¥ The Mann-Whitney U test was performed in non-parametric data; values represented as median (IQR 25-75). "Al+ group" = genotypes with

the presence of Al allele in the DRD2 polymorphism (A1/Al and A1/A2) and "Al-group” = genotypes with absence of Taq Al polymorphism
(A2/A2).
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Table 2. Measurements of state and trait food cravings, eating behavior domains and satiety perception
according to the Taql A polymorphism (rs1800497), A1+ and Al-. (n=106).

Dependent variables Al+ group (n=42) Al- group (n=64) P-value

Mean (SD) Median (1Q15-75) Mean (SD) Median (1Q15-75)

[
Food Craving Questionnaires - FCQ

[ T
Food Craving State - FCQ 37.38 (10.29) 37.50 (15; 36) 37.53 (12.10) 36 (18 ; 60) 0.82

Food Craving Trait - FCQ 92.16 (30.87) 87 (35.48 ; 175) 100.76 (37.97) 88.5 (18 ; 60) 0.41

T
Three Factor Eating Questionnaire - TFEQ-R21

[ I
Cognitive Restraint - TFEQ-R21 41.01 (25.69) 39 (-9.39 ; 94) 43.55 (22.09) 44 (-6 ; 94) 0.61

Uncontrolled Eating - TFEQ-R21  36.80 (20.09) 37 (4 ;89) 36.28 (20.56) 330 ; 100) 0.82

Emotional Eating - TFEQ-R21 40.29 (30.31)  30.50 (-10.60 ;100) 42.77 31.67) 39(0 ; 100) 0.76
[ I I I I

Satiety on Numerical Scale (0-10)  6.68 (2.19) 7(0.5;10) 6.70 (2.33) 7(2;10) 0.86

The Mann-Whitney U test was use to compare "Al1+” = genotypes with the presence of Al allele (A1/Al and A1/A2) and "Al1”=
genotypes with absence of Taq A1 polymorphism (A2/A2).
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Table 3: Spearman correlation analysis of outcome measures (food craving, eating behavior domains and BMI) with
potential confounding factors (n=106).

(O] @) (©)] “@ ®) ©6) ) @®) (0] 10) 12) 13)
1 Food Craving State 1
2 Food Craving Trait 68" 1
3 Cognitive Restraint -.05 .07 1
4 Uncontrolled Eating 57 63" -.03 1
5 Emotional Eating AT 66" .06 60™ 1
6 Body Mass Index (IBM) .10 18 .08 -.02 27" 1
Brazilian Pain 32" 17 -.08 28" .07 -.02 1
7 Catastrophizing Scale - BP-
PCS
8 Pittsburgh Sleep Quality -.05 -.08 .05 -.09 .02 .07 -.14 1
Index (PSQI)
Central Sensitization 28" 33" =12 11 20 .08 527 -.08 1
9
Inventory (CSI)
Brazilian Portuguese 20 22" .03 .02 .05 15 11 307 .08 1
10 version of the Profile of
Chronic Pain: Screen B-
PCP:S -Br
1 Beck Depression Inventory- 29" 32" -.19" 26" 20 -.08 527 -.15 58" -.08 1
11 (BDI-II)
12 Brain-derivate- =11 19 -.04 -.09 19 -.02 .07 .06 .04 .09 -.02 1
neurotrophic-factor (BDNF)
13 Heat pain tolerance (°C) 12 .06 -.06 .04 .07 .06 13 =22 .06 -.08 .08 -.03
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Table 4. Generalized linear model analysis to assess the relationship of scores in the Food Craving Questionnaire -
Trait (FCQ-T) according to the TaqlA polymorphism (rs1800497) Al+ (n=62) and Al- (n=64) and severity of
symptoms related to mood, disability, and central sensitization (n = 106).

Primary outcome

Food Craving Questionnaire - Trait (FCQ-T)

Beta SEM CI 95% Wald df P ES
%2

Al+ group (n=42) -20.056 10.157 (-39.96 to -0.14) 3.99 1 .048 0.4
Al — group (n=62) reference
Brain-derivate-neurotrophic-factor (BDNF) -.296 121 (-.53 t0 -0.06) 5.93 1 .015 0.49
Brazilian Portuguese version of the Profile of 483 213 (.07 to 0.90) 5.13 1 .023 0.45
Chronic Pain: Screen B-PCP:S -Br.
Central Sensitization Inventory (CSI) 458 235 (.03 to 0.92) 3.80 1 .048 0.39
Beck Depression Inventory-II (BDI-II): 1.094 .382 (-34 to 1.85) 8.17 1 .004 0.58
Interaction analysis
Al+ group vs. Brain-derivate-neurotrophic- 258 174 (-.08 to 0.60) 2.19 1 138 -
factor (BDNF)
Al- group vs. Brain-derivate-neurotrophic- reference

factor (BDNF)

Primary outcome — generalized linear model analysis to compare responders and non-responders. The Cramer’s V was used as a measure of
effect size for chi-square tests. The size effect was interpreted as follows: Standards for interpreting Cramer’s V proposed by Cohen (1988) are
the following. DF (degrees of freedom) = 1 (0.10 = small effect) (0.30 = medium effect) (0.50 = large effect). https://
www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-R5.php. P < 0.05 indicates significant differences between treatments in the
estimated marginal means adjusted for multiple comparisons by the Bonferroni test.B: regression coefficient, SE: standard error, CI:
confidence interval, y 2 : Wald chi-square, df: degrees of freedom.
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Table 5. Secondary Outcomes: Food craving state, uncontrolled eating, emotional eating, satiety, and BMI
according to the Taql A polymorphism (rs1800497) Al+ (n=62) and Al- (n=64) (n = 102).

Secondary outcome

Food Craving Questionnaire - State (FCQ-S)

Beta SEM CI 95% Wald df P ES
%2
Al+ group (n=42) -2.98 3.263 (-9.38 to .837 1 .36 ---
3.41)
Al — group (n=62) greference
Brain-derivate-neurotrophic-factor (BDNF) -078 0415 Gl e ! aa =1
0.002)
Profile of Chronic Pain: Screen PCP:S 171 .0822 (.01 t0 0.33) 4.327 1 .03 42
Beck Depression Inventory-II (BDI-II) .245 1317 (-2t0-0.03) 3.66 1 .04 .38
Pain catastrophizing Scale — PCS 179 .0994 (-.16 t0 -0.04) 3.47 1 .02 .37
Interaction analysis
Al+ group vs. Brain-derivate-neurotrophic- .060 0577 (-.05t00.17) 1.064 1 .30 -
factor (BDNF)
Al- group vs. Brain-derivate-neurotrophic- Qreference

factor (BDNF)

Three Factor Eating Questionnaire (TFEQ) uncontrolled eating (UE)

Beta SEM CI 95% Wald df P ES
%2
Al+ group (n=42) -4.430 6.302  (-16.78 to 7.92) 494 1 482 ---
Al — group (n=62) Qreference
Profile of Chronic Pain: Screen B-PCP:S -Br .093 .0390 (.02 10 0.17) 5.722 1 .017 45

Three Factor Eating Questionnaire (TFEQ)- emotional eating (EE)

Beta SEM CI 95% Wald df P ES
%2
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Al+ group (n=42) 116 6.419 (-12.46 to .000 1 986 -

12.69)

Al — group (n=62) Qreference

Brain-derivate-neurotrophic-factor (BDNF) -214 .0924 (-.39t0 -0.03) 5.366 1 .021 46
Central Sensitization Inventory (CSI) 514 1971 (.13 t0 0.90) 6.803 1 .009 .52
Satiety on Numerical Scale (0 to 10)

Beta SEM CI 95% Wald df P ES
%2

Al+ group (n=42) .098 4234 (-.73 t0 0.93) .054 1 .816

Al — group (n=62) Qreference

Beck Depression Inventory-II (BDI-II): -.076 .0251 (-.13t0 -0.03) 9.082 1 .003 .61
Central Sensitization Inventory (CSI) .043 .0175 (.09 t0 0.18) 5.998 1 .014 .49
Body Mass Index (BMI)

Beta SEM CI 95% Wald df P ES
%2

Al+ group (n=42) 7.474 4.880  (-2.09to 17.04) 2.345 1 126 ----
Al — group (n=62) reference

Brain-derivate-neurotrophic-factor (BDNF) -.027 .0207 (-.07 t0 -0.02) 3.664 1 0.03 .38
Profile of Chronic Pain: Screen PCP:S .103 .0509 (.03 to 0.20) 4.074 1 .044 .40
Interaction analysis

Al+ group vs. Brain-derivate-neurotrophic- .057 .0239 (.01t0 0.14) 5.748 1 .017 48
factor (BDNF)

Al- group vs. Brain-derivate-neurotrophic-factor

(BDNF) greference

Al+ group vs. Profile of Chronic Pain: Screen -.139 .0660 (-27 t0 -0.03) 4.460 1 .035 42
PCP:S

Al- group vs. Profile of Chronic Pain: Screen reference

PCP:S

Degrees of freedom (Df), Beta coefficient (B), The standard error of the mean (SEM), Effect size (ES) according to guidelines (Cohen) equivalent phi
value .1 represents a small effect, = .3 represents a medium effect and = .5 represents a large effect. Effect Size Calculator
(campbellcollaboration.org). It indicates that the ES was not calculated by not detect difference between treatment
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Table 6. Moderation model effects in A1+ group on anthropometric measures (n=42).

Conditional effects (W) Coefficient B SE t P

[
Satiety*BPCSI 0.05 0.02 2.22 0.03
Restraint (EDE)*BMI 0.15 0.05 2.71 0.008
Restraint (EDE)*Waist Circumference 0.05 0.03 221 0.013

"Al+ group" = genotypes with the presence of Al allele in the DRD2 polymorphism (A1/Al and A1/A2). BPCSI= Brazilian Portuguese Central

Sensitization Inventory. EDE= Eating Disorder Questionnaire.
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Figure 1.
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Figure 1. Food craving patterns (FCQ-T scores) according to genotypes Al+ (n = 42) and Al-
(n = 62). Error bars represent the standard error of the mean. An asterisk denotes significant
differences in all interventions (P < 0.05). A generalized linear model (GLM) was used for the
analyses, and the Bonferroni test was used for post-hoc multiple comparisons.
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Figure 2. (B)
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Figure 2. (C)

Legend Figure 2. The analysis of the moderator effect of genotype Al in a sample of 106 subjects
classified according to genotypes A+ (n=42) and A1- (n=64). This effect was analyzed concerning eating
behavior, anthropometric measures, and the severity of central sensitization symptoms. They revealed
that the relationship between these measures’ changes direction according to the Al allele. Specifically,
when individuals have the AIl+ genotype, the correlation between these variables is negative.
Conversely, the correlation is positive for those with the A1 genotype.

(A) The linear relationship between self-perceived satiety on a numerical scale (0 to 10) and central
sensitization symptoms according to the A1 allele (+ or -).

(B) The linear relationship between the domain Restraint evaluated by EDE-Q and BMI according to the
Al allele (+ or -).

(C) The linear relationship between the domain Restraint evaluated by EDE-Q dominion and waist
circumference according to the A1 allele (+ or -).
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ARTICLE INFO ABSTRACT

Keywords: Background: Multiple-session home-based self-applied transcranial direct current stimulation (M-HB-self-applied-

Fibromyalgia tDCS) has previously been found to effectively reduce chronic pain and enhance cognitive function. However, the

Overweight/obesity effectiveness of this method for disordered eating behavior still needs to be studied.

:::;::: ;?i:?ml wial Objective: This study aimed to assess whether 20 sessions of M-HB-self-applied-tDCS, administered over four
weeks to either the left dorsolateral prefrontal cortex (L-DLPFC) or primary motor cortex (M1), could improve
various aspects of eating behavior, anthropometric , and adh e.
Methods: We randomly assigned 102 fibromyalgia patients between the ages of 30 and 65 to one of four tDCS
groups: L-DLPFC (anodal-(a)-tDCS, n = 34; sham-(s)-tDCS, n = 17) or M1 (a-tDCS, n = 34; s-tDCS, n = 17).
Patients self-administered 20-min tDCS sessions daily with 2 mA under remote supervision following in-person
training.
Results Generalized linear models revealed significant effects of M-HB-self-applied-tDCS compared to s-tDCS on
uncontrolled eating (UE) (Wald 32 = 5.62; df = 1; P = 0.018; effect size, ES = 0.55), and food craving (Wald y2
= 5.62; df = 1; P = 0.018; ES = 0.57). Regarding fibromyalgia symptoms, we found a differentiated impact of a-
tDCS on M1 compared to DLPFC in reducing food cravings. Additionally, M-HB-a-tDCS significantly reduced
emotional eating and waist size. In contrast, M1 stimulation was more effective in improving fibromyalgia
symptoms. The global adherence rate was high, at 88.94%.
Conclusion: These findings demonstrate that M-HB-self-applied-tDCS is a suitable approach for reducing un-
controlled and emotional eating, with greater efficacy in L-DLPFC. Furthermore, these results revealed the in-
fluence of fibromyalgia symptoms on M-HB-self-applied-tDCS’s, with M1 being particulardy effective in
mitigating food cravings and reducing fibromyalgia symptoms.

1. Introduction pain, psychological distress, cognitive impairment, sleep disturbances,
fatigue, and depressive symptoms [1-3]. Up to 70% of FM patients are
Fibromyalgia (FM) occurs concurrently with widespread chronic overweight, and 40% are obese [4 7]. Additionally, patients often
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1. Introduction

Fibromyalgia (FM) occurs concurrently with widespread chronic
pain, psychological distress, cognitive impairment, sleep disturbances,
fatigue, and depressive symptoms [1-3]. Up to 70% of FM patients are
overweight, and 40% are obese [4-7]. Additionally, patients often ex-
perience disrupted eating behavior [8]. This coexistence of disordered
eating reflects a complex interplay between various neural structures
and mechanisms, including the prefrontal cortex (PFC) and anterior
cingulate cortex (ACC).

Chronic pain can increase emotional eating due to an excessively ac-
tive ACC, as individuals try to alleviate pain-related distress [9-11].
Dysregulation in the ACC and related structures, crucial for emotion
and impulse control, may contribute to overconsumption of palatable
foods, resembling a tolerance response [9,10,12]. These cortical areas
are central to reward, emotion, motivation, cognitive functions [13]
and pain processing [14]. The transcranial direct current stimulation
(tDCS) has shown specific effects depending on the targeted brain re-
gions. Left dorsolateral prefrontal cortex (L-DLPFC) tDCS enhances cog-
nition and reduces depressive symptoms [15-17]. In a meta-analysis,
active stimulation, either rTMS or tDCS, on both hemispheres outper-
formed sham across diverse populations (alcohol, nicotine, illicit drugs,
eating addictions) [18]. Despite the biological plausibility of PFC-
targeted neuromodulation for disordered eating [19-21], the ongoing
debate centers on lateralization to a specific hemisphere (left vs. right).

A-tDCS on primary motor cortex (M1) has been found to effectively
reduce pain in fibromyalgia [13,15]. Besides, it has been found to im-
prove the connection between M1 and the thalamus [16], change how
subjects feel heat and pressure [17], and provide long-term relief from
chronic pain [18]. According to electric field modeling studies using
PET, it might also impact important brain regions like the ACC, thala-
mus, insula, and DLPFC [22,23]. These cortical areas are central to re-
ward, emotion, motivation, and cognitive function [13]. Thus, modula-
tion of M1 holds promise and is an intuitive way to improve pain symp-
toms and mitigate eating dysfunction in FM. Alternatively, stimulation
of the DLPFC improves mood, thinking, and decision-making [18,22].
According to a previous study, single-session anodal-(a-)-tDCS over the
right DLPFC reduces food cravings, which may help recipients consume
fewer calories [17,24]. To make tDCS easier for more patients, a tested,
home-based (HB)-tDCS device allows doctors to change settings, make
the device safer, and monitor how patients follow instructions
[13,25,26]. In addition, a recent study found that M1 is more effective
than L-DLPFC in alleviating chronic pain among fibromyalgia patients
[27]. L-DLPFC stimulation enhances cognitive performance [26,28]
and reduces pain catastrophizing and pain-related disability [29,30].
The rationale behind choosing M1 and L-DLPFC for stimulation in our
protocol was based on the above and in the absence of available data on
the effects of multiple-session home-based self-applied (M-HB-self-
applied-tDCS) targeting M1 and PFC on their dysfunctional eating be-
havior.

Thus, this study aimed to compare the efficacy of M-HB-self-applied-
tDCS (twenty sessions) over the L-DLPFC or M1 compared to sham-(s)-
tDCS in improving uncontrolled eating and food cravings in fibromyal-
gia patients. Additionally, this study assessed the impact of M-HB-self-
applied-tDCS on cognitive restraint, emotional eating, food craving
states, body mass index (BMI), and waist circumference. We also ex-
plored the potential correlation between the improvement of fi-
bromyalgia symptoms and the influence of tDCS on eating behavior.
This study monitored adherence using session recording software
throughout each treatment session.

Impacto da Estimulagdo Transcraniana de Corrente Continua Domiciliar no Comportamento Alimentar de Mulheres com Fibromialgia: Um Ensaio Clinico Randomizado

2. Materials and methods
2.1. Study design

The protocol of this randomized, double-blind, parallel-group,
sham-controlled clinical trial (RCT) was approved by the Research
Ethics Committee at the Hospital de Clinicas de Porto Alegre (HCPA),
Porto Alegre, Brazil. The Institutional Review Board and Research
Ethics Committee registration was: 12625718.9.0000.5327 CAAE reg-
istry. All subjects provided verbal and written informed consent prior to
their participation.

2.2. Setting, participants, and eligibility

This study included 102 adult females between the ages of 18 and
65 who were right-handed and possessed reading and writing abilities.
Recruitment took place through two primary channels: the outpatient
pain clinic at HCPA, Porto Alegre, Brazil, and newspaper advertise-
ments. As inclusion criteria, participants were required to meet the di-
agnostic criteria for fibromyalgia defined by the 2016 American College
of Rheumatology (ACR-2016). Furthermore, inclusion necessitated a
minimum score of 50 mm on a 0-100 mm visual analog pain scale (VAS
0-100 mm) during most days in the three months preceding enroll-
ment. Additionally, participants had to commit to not altering their
doses of antidepressant and anticonvulsant medications for the dura-
tion of the study.

Exclusion criteria barred individuals with contraindications for non-
invasive brain stimulation, as per established guidelines [31]. Partici-
pants were ineligible if they had uncontrolled clinical or psychiatric dis-
eases, suicidal ideation with plans, present illicit substance use, shift
work, a medical history of rheumatoid arthritis, lupus, autoimmune dis-
eases, neurological or oncological conditions, or prior bariatric surgery.
Patients were also ineligible if they met the diagnostic criteria for eat-
ing disorders (DMD) outlined in the Diagnostic and Statistical Manual
of Mental Disorders: DSM-5-TR (2022) [32].

2.3. Sample size justification

The sample size was estimated for two primary outcomes based on
prior studies [28,33] for a two-tailed hypothesis test (alpha = 5%,
beta = 20%). For uncontrolled eating in the TFEQ - R21 domain and
for an effect size (ES) of 0.6 and a standard deviation of SD = 20, the
required sample size was estimated to be 92 patients. For an ES = 0.63
in the Food-Cravings Questionnaire (FCQ-T) score (SD = 35.7), the es-
timated required sample size was 90 patients. To account for multiple
outcomes, potential dropouts, and non-normal distribution, we in-
creased the sample by 10%, resulting in a final sample size of 102 (34 in
the a-tDCS groups and 17 in the s-tDCS groups).

2.3.1. Randomization

Randomization was accomplished wusing an online tool
(www.sealedenvelope.com), creating a 2:1:2:1 allocation ratio to ran-
domize participants into four groups: (1) active DLPFC, (2) sham
DLPFC, (3) active M1, and (4) sham M1. An external, professionally
conducted randomization and randomized number codes were sealed
in envelopes with the patient's entry sequence number.

2.3.2. Blinding

Researchers received pre-programmed equipment from an assistant,
ensuring they remained unaware of whether they were administering
active or s-tDCS. Participants and researchers were thus blinded to the
type of stimulation. Participants were asked to guess whether they re-
ceived a-tDCS or s-tDCS at the treatment end and rated their confidence
level on a Likert scale from 1 (“not sure at all”) to 5 (“completely sure™).
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2.4. Electrode positions and HB-tDCS stimulation protocol

The HB-tDCS device used in this study was developed by the Bio-
medical Engineering department at the HCPA, Porto Alegre, Brazil and
is registered with the Brazilian National Health Surveillance Agency
(ANVISA, N°80079190028). This device has been successfully em-
ployed in previous RCT conducted by the research groups
[13,23,25,26]. Electrode placements followed the 10-20 EEG system,
with the anode at F3 and the cathode at F4, or the anode at C3 and the
cathode at Fp2. Electrodes delivered 2 mA of current in 20 min. Both
active and sham tDCS conditions were employed, with the same elec-
trode montage used for both. During s-tDCS, the device provided 30 s of
stimulation at specific intervals. Electrodes, sized at 35 em?, were
coated with a saline-soaked sponge and affixed to a neoprene elastic
cap. Electrode placement on the cap was marked with red for the anode
and black for the cathode. Participants were encouraged to contact the
research team as needed and keep records of any adverse effects. De-
tailed instructions for self-administration at home were provided, along
with a video guide (https://youtu.be/3WtjidesOGE). Additional details
on the device and the protocol can be found in the supplementary mate-
rial (Annex I). The timeline of the protocol is presented in Fig. 1.

2.5. Instruments and assessments

Two trained researchers blinded to the experimental groups con-
ducted eating behavior, anthropometric measures, psychological, and

clinical ients. All ment instruments used were validated

for the Brazilian population.

2.6. Outcomes

Primary outcomes included uncontrolled eating and food craving
patterns, while secondary outcomes included cognitive restraint and
emotional eating, as assessed by the TFEQ-21 domains. Other sec-
ondary outcomes involved food craving states, body mass index (BMI),
and waist circumference.

2.7. Primary and secondary outcomes

a. The TFEQ-R21 was used to assess three domains of eating
behavior: uncontrolled eating (UE) (primary outcome), cogritive
restraint (CR), and emotional eating (EE). Each domain was
scored separately, with higher scores indicating a greater
likelihood of disordered eating. Total scores for each domain
could range from 0 to 100 [34,35].

b. The Food-Cravings Questionnaires (FCQ) was also implemented,
consisting of two domains: FCQ-trait-(T), with 39 questions across
nine dimensions for assessment of food-craving behavior patterns,
and the FCQ-state-(S), with 15 questions in five dimensions for
measuring current food cravings. Higher scores indicated stronger
cravings [36].

/ \ 1st to 4th week: / \
BASELINE - Diaries: side effects. 4th-WEEK
ASSESSMENTS A The team maintained weekly contact via WhatsApp. ASSESSMENT

Participants could reach out for assistance whenever needed.
OUTCOMES
ACR-2016; TFEQ-R21:
Clinical and ‘ C (UE, CR, EE);
socio~dfemogfaphic e - FCQ (s-T);
questionnaires, grosewols Height and weight
MINI, DSM-5 TR, FIQ
CSI-BP, BDI-II, -
PsQl, B == /-- Patients came back
B-PCP-S. to deliver their
— devices.
at00s st0CS
OUTCOMES | SRS % B Engineers
TFEQ-R21: ‘ E downloaded the
(UE, CR, EE); records of tDCS to
FCQ (S-T); Height Instructions and : check the time of
and weight training on how to t z use, impedance,
use the tDCS o e \ and current flow )
\ FIQ / device E -

Fig. 1. Timeline the study. Sites of stimulation: (1A) Ancdal transcranial Direct Current Stimulation (a-tDCS) with the anode placed over M1 (C3) and cathode
over fP2. (1B) Anodal tDCS with anode over left DLPFC (F3) and cathode over right DLPFC (F3). Device Features: (1C) High resistance. (1D) Alarm warning: ad-
just the cap and inject extra saline. (1E) Typical curves of current intensity versus contact impedance during a-tDCS. (1F) Typical curves observed in s-tDCS at
baseline, 10 min post-stimulation, and at the end of the treatment. The time points of assessments. Baseline: questionnaire to assessed clinical and socio-
demographic characteristics, analgesic use, eating disorders according to Diagnostic and Statistical Manual of Mental Disorders: DSM-5-TR (2022) - anorexia ner-
vosa (AN), bulimia nervosa (BN), binge eating disorder (BED), avoidant restrictive food intake disorder (ARFID), and other specified feeding and eating disorders
(OSFED), were outlined in the DSM-5 TR (American Psychiatric Association, 2022), heat pain threshold (HPT) by Quantitative Sensory Testing [(QST). Instru-
ments: Fibromyalgia Impact Questionnaire (FIQ); Central Sensitization Inventory (CSI), for Brazilian population (CSI-BP); Beck Depression Inventory- (BDI-II),
Brazilian Pain catastrophizing Scale - BP-PCS; Pittsburgh Sleep Quality Index (PSQI). State and Trait Food-Cravings Questionnaires (FCQ-S and FCQ-T); Three
Factor Eating Questionnaire (TFEQ - R21): Assesses three domains of eating behavior: cognitive restraint (CR), uncontrolled eating (UE) and emotional eating

(EE).
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c. The Fibromyalgia Impact Questionnaire (FIQ) comprises diverse
questions addressing various dimensions of fibromyalgia
symptoms, such as pain severity, fatigue, morning tiredness,
stiffness, sleep disturbances, mood, etc. The maximum score on
the FIQ was 100 [37].

2.8. Anthropometric assessments

Height and weight assessments were performed by the same re-
searchers using standardized techniques. Body Mass Index (BMI) was
calculated based on these measurements, while waist circumference
(cm) was additionally determined using an inelastic tape at the widest
abdominal perimeter between the iliac crest and the last rib. The re-
ported outcome was the average of three measurements.

2.9. Clinical and sociodemographic data, pain assessments, central
sensitization, sleep quality, psychological symptoms, eating disorder
diagnoses, and psychiatric diagnoses

A standardized questionnaire was used to collect sociodemographic
and medical data, and a Numerical Pain Scale (NPS 0-10), with 0 indi-
cating no pain and 10 the worst pain, was used to evaluate pain sever-
ity. The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate
sleep quality [38]. The Brazilian Portuguese-Central Sensitization In-
ventory (BP-CSI) was used to evaluate central sensitization symptoms
[39], the Beck Depression Inventory-1I (BDI-II) was used to evaluate de-
pressive symptoms [40], and the Pain Catastrophizing Scale (B-PCS)
was used to measure pain-related catastrophizing [41]. Psychiatric di-
agnoses were established using the Mini-International [42], and eating
disorders were assessed using the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5-TR) criteria (2022) [32].

Patients potentially

2.10. Statistical analyses

Normality was assessed with the Shapiro-Wilk test, and continuous
variables were compared using ANOVA or non-parametric tests. Cate-
gorical variables were analyzed with the chi-square or Fisher's exact
tests. A factorial generalized linear model (GLM) was used to investi-
gate the impact of treatment (i.e., of a-tDCS and s-tDCS) according to
stimulation area (i.e., DLPFC and M1), as well as their interaction. The
delta value (end average minus beginning average) was used as a mea-
sure of outcomes. The modified intention-to-treat analysis (m-ITT) in-
cluded subjects completing >50% of sessions, with missing data impu-
tation using regression model coefficients (details in Annex II}. All
analyses were Bonferroni-adjusted for multiple testing (5% significance
threshold). Data analysis was conducted using SPSS version 22.0.

3. Results
3.1. Demographic and clinical characteristics of the subjects

Out of the 250 participants screened, 148 were excluded, with 110
failing to meet inclusion criteria; these included 101 patients with un-
compensated chronic diseases and lacking fibromyalgia diagnostic cri-
teria, and nine with eating disorders diagnosed per the DSM-5-TR crite-
ria. Among the remaining 102, five dropped out before completing the
20-session tDCS protocol. The progression of participants throughout
various stages of the research is presented in Fig. 2.

The analysis, which compares treatment groups with baseline data
(i.e., demographic, clinical characteristics, psychological state, sleep
quality, pain scores) did not show significant differences among the
groups. Data are present in Table 1. The impact of M-HB-self-applied-
tDCS on outcomes within groups is detailed in the supplementary mate-
rial (Annex II).

¥ Not meeting inclusion criteria (n=110) because of
contraindications to tDCS, chronic inflammatory
diseases, time and distance constraints,

eligible n=250)

uncompensated chronic diseases, and not meeting
fibromyalgia diagnostic criteria (n=101). Eating
disorders by DSM-5-TR criteria (BN: n=2, BED: n=1,
ARFID: n=4, OSFED: n=2) also resulted in exclusions
(n=9)

v In 2020, due to the COVID-19 pandemic, tDCS

[ |

102 Patients inclusion criteria were adjusted to exclude those with
SARS-CoV-2 sy or related
(n=28).
¥ Ten patients, having pleted basel s,

were excluded due to COVID-19-related lockdowns
before the randomization that would be done during the
visit to receive their tDCS device.

Fivesessionsper | gham-tDCS on Active-tDCS on Active-tDCS on Sham-tDCS on
week forfour weeks M1 (n=17) M1 (n=34) L-DLPFC (n=34) L-DLPFC (n=17)
Side effects questionnaire
after each session (withdrawn =1) (withdrawn =2) (withdrawn =1) (withdrawn =1)

Included in the analysis

n=17 n=34

(Al received at least 10
sessions)

Modified intention-to-
treat (m-ITT)analyses

Included in the analysis

(Al received at least 10
sessions)

Included in the analysis Included in the analysis
n=34 n=17
(Al received at least 10 (Al received at least 10
sessions) sessions)

Fig. 2. Flowchart of study. Randomization (R) and Intention-to-Treat (ITT) analyses. Despite their withdrawal, they fulfilled the inclusion criteria for the inten-
tion-to-treat analysis by completing at least 50% of the sessions (10 sessions) and met the criteria for modified (m-ITT), as pre-defined. Before the COVID-19 re-

strictions, twenty patients had completed the protocol.
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Table 1

Baseline epidemiological and clinical characteristics, psychological state,
sleep quality, pain scores, according to area of stimulation (M1 or DLPFC)
and the treatment group (a-tDCS and s-tDCS). Data are presented as the mean

(SD) or frequency (n = 102).

Characteristics Primary motor cortex Prefrontal dorsolateral
(M1) cortex (DLPFC)
a-tDCS sham-tDCS  a-tDCS sham-tDCS
(n = 34) m=17) (n =34 (n=17)
Age (years) 48.98 49.70 48.56 40.61
(10.08) (8.97) (8.93) (8.70)
Body mass index (Kg/m2) 29.39 31.17 29.68 28.34
(4.90) (5.05) (4.51) (4.54)
Waist Circumference (¢cm) 97.41 95.41 97.03 98.00
(12.08) (12.87) (11.38) (9.91)
Formal education (years) 12.06 13.25 12.18 13.11
(4.92) (4.17) (4.68) (4.57)

Working condition

Working 15 (44.1) 6 (35.3) 15 (44.1) 11 (64.7)

Unemployed 7 (20.6) 2(11.8) 9(26.5) 1(5.9)

Health license 9 (26.5) 6 (35.3) 8(23.5) 2(11.8)

Retired 3(8.8) 3(17.6) 2 (5.9) 3(17.6)

Smoking (yes/no) 9(26.5)/25 4(23.5)/13 7(20.6)/27 3(17.6)/
(73.5) (76.5) (79.4) 14 (82.4)
Alcohol use (yes/no) 4(23.5)/13 4(23.5)/13 13(38.2)/ 7 (41.2)/
(76.5) (76.5) 21 (61.8) 10(58.8)
Diagnosis of psychiatric 26 (76.47)/ 12 (70.6)/5 28 (82.4)/6 13 (76.5)/
disorder according to 8(23.52) (29.4) (17.6) 4(23.5)
MINI (yes/no) ®
Panic Disorder (yes/no) 4(11.76)/ 3(17.6)/14 3(8.82)/31 2(11.75)/
30 (88.23) (82.4) (91.18) 15(88.25)
Major Depression Disorder 24 (72.7)/9 10 (58.8)/7 22(64.7)/ 11(64.7)/6
(yes/no) (27.3) (41.2) 12(73.54)  (35.3)
Anxiety Disorder (yes/no) 13(38.2)/ 8(47.1)/9 17 (50)/17 8(47.1)/9
21(61.8) (52.9) (50) (52.9)
Analgesic medication use
Opioid analgesic (yes/no)  7(20.52)/ 3(17.6)/14 11(32.4)/ 5(29.4)/
27 (79.48)  (82.4) 23(67.6) 12(70.6)

Analgesic non-opioid (yes/ 30 (88.23)/ 15(88.2)/2 31(91.2)/3 16

no) 4(11.76) (11.8) (8.82) (%4.11)/1
(5.88)

Use drug active on the nervous system (yes/no)**

Selective Serotonin 7 (20)/28  4(23.5)/13 11 (324)/ 4(23.5)/
Reuptake Inhibitor (yes/  (80) (76.5) 23(67.6) 13 (76.5)
no)

Tricyclic or dual 16 (47.06)/ 9 (52.94)/8 12(35.29)/ 6 (35.29)/
antidepressants (yes/no) 18 (52.94)  (47.06) 22 (64.70) 11(64.70)

Benzodiazepine (yes/no) 4(11.4)/30 2(11.8)/15 7(20)/27  4(23.53)/

(88.6) (88.2) (79.4) 13 (76.47)

Antipsychotic (yes/no) 1(2.94)/33 0(0)/17 3(8.8)/31 1(5.9)/34

(97.06) (100) 91.2) (97.1)
Zolpidem (yes/no) 1(2.94)/33 4(235)/13 2(59)//32 2(11.8/
(97.06) (76.5) 94.1) 15(88.2)
Pregabaline (yes/no) 8(23.52)/ 6(35.3)/11 10(29.4)/ 8(47.1)/9
26(76.47) (64.7) 24(70.6) (52.9)
History of chronic disease 27 (67.5)/ 11 (55)/9 23 (67.6)/ 10 (55.6)/
(ves/no) 13(32.5) (45) 11 (32.4) 8(44.4)
Hypertension (yes/no) 10 (25)/30  5(25)/15 11 (32.4)/ 3(16.7)/15
(75) (75) 23 (67.6) (83.3)
Diabetes Mellitus (yes/no) 2 (5.7)/32  2(5.7)./32 2(11.1)/16  3(8.8)31
(94.12) (94.12) (88.9) (91.2)
Tireoide disease (yes/no) 2 (11.75)/ 3(8.82)/31 4(11.8)/30 2(11.75)/
15 (88.25) (91.17) (88.2) 15 (88.25)
Asthma (yes/no) 4(1176)/ 3(17.6)/14 3(8.82)/31 2(11.75)/
30 (88.23) (82.4) (91.18) 15 (88.25)
ACR 23.33 23.70 22.41 22.50
(2.95) (3.67) (3.96) (4.24)
Widespread Pain Index 13.45(3.08) 13.88 13.21(3.11) 14.12
(2.69) (3.03)
Severity Symptoms Scale 10.03 9.47 (1.94) 9.62(1.49) 9.53(1.87)
(1.57)

Psychological measures, central sensitization, pain scores, and sleep quality and number

of valid sessions of a-tDCS

Table 1 (continued)
Characteristics

Primary motor cortex Prefrontal dorsolateral

(M1) cortex (DLPFC)
a-tDCS sham-tDCS  a-tDCS sham-tDCS
(n = 34) n=17) (n=34) (n=17)
Central Sensitization 64.37 64.77 61.28 68.03
inventory (CSI-BP) score  (11.15) (16.40) (12.29) (15.15)
Beck Depression Inventory-  25.97 25.16 28.76 24.67
1 (10.78) (11.56) (11.36) (8.76)
Pittsburgh Sleep Quality 10.93 11.29 10.74 10.13
Index - PSQI (4.48) (4.37) (4.36) (4.14)
Pain Catastrophizing Scale - 38.23 33.21 34.78 34.89
PCsS (8.64) (10.80) (12.62) (10.45)
Pain on visual analogue 8.52 (1.28) 8.45(1.44) 8.54(1.23) 8.41(123)
scale (VAS))
Number of valid sessions of 17.17 16.79 17.93 17.06
a-tncs” (3.58) (4.72) (2.92) (2.83)

Mini-International Neurcpsychiatric Interview (MINI).

® Patients could have none, one or multiple psychiatric diagnoses.

**Some patients were using more than one type of drug.

¥ For a valid 20-min a-tDCS session, impedance levels should remain between 3
and 2 kS for at least seventy percent of the total stimulation duration.

Table 2 displays the averages of primary and secondary outccmes,
encompassing assessments of eating behavior, the impact of fi-
bromyalgia symptoms on daily life and disability, and anthropometric
measures.

3.1.1. Primary outcomes: assessment of M-HB-self-applied-tDCS impact on
TFEQ-21-UE and FCQ-T scores

A GLM analysis revealed the impact of M-HB-self-applied-a-tDCS on
both primary outcomes, UE, and trait-food craving (Table 3), with large
effect sizes of 0.55 and 0.57, respectively.

Interaction analysis between stimulation area and intervention
groups revealed that M-HB-self-applied-a-tDCS was more effective in
reducing UE when applied over L-DLPFC than M1, with a moderate ef-
fect size (ES = 0.35).

3.1.2. Primary outcomes: evaluating the influence of fibromyalgia symptom
severity on the effect of tDCS on TFEQ-21-UE and FCQ-T scores

The data in Table 4 indicate a positive link between the impact of fi-
bromyalgia symptoms on UE. The interaction analysis on the impzct of
fibromyalgia symptoms according to stimulation area showed a signifi-
cant effect for food craving, with a differentiated impact on the M-HB-
self-applied-a-tDCS in M1 compared to DLPFC. This interaction analysis
indicated a moderate ES (0.35) in favor of M-HB-self-applied-a-tDCS on
M1 compared to L-DLPFC.

3.1.3. Secondary outcomes: impact of M-HB-self-applied-tDCS on the CR,
EE, changes in state food craving, waist circumference, and BMI

Table 5 displays the treatment effects on secondary outcomes. M-
HB-self-applied-a-tDCS effectively reduced EE scores with a large effect
size (0.40), but this effect was not observed in CR or state craving. A
significant, moderate ES were found on CR with L-DLPFC stimulation
compared to M1 (ES = 0.35), and this effect persisted even in the in-
teraction analysis between the group and stimulation area (ES = 0.32).

The M-HB-self-applied-a-tDCS was significantly more effective than
M-HB-self-applied-s-tDCS in improving symptoms related to fibromyal-
gia. However, interaction analysis indicated that a-tDCS over M1 was
more effective at enhancing fibromyalgia symptoms than over L-
DLPFC.

Furthermore, a-tDCS demonstrated greater effectiveness than s-
tDCS in reducing waist size regardless of the stimulation area, with a
moderate effect size of 0.35.
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Table 2

Three Factor Eating Questionnaire (TFEQ-21) - Uncontrolled Eating (UE),
Cognitive restraints (CR), emotional eating (EE); Food Craving State-Trait
Scale, impact of fibromyalgia symptoms on quality live and disability, waist
circumference and BMI. Data are presented as mean (SD) [before (B) and af-
ter (A)-intervention]. Delta (A)-mean values represent scores A minus B
(n = 102).

Primary outcome

Delta (4) value of three Factor Eating Questionnaire (TFEQ-21) - Uncontrolled eating (UE)

Stimulation area Mean (SD) before (B) Mean (SD) after (A)  A-value (A-
treatment treatment B)

(1) a-tDCS-L-DLPFC 29.30 (23.05) 63.74 (14.91) -34.44
(n = 34) (30.88)

(2) stDCS- L-DLPFC ~ 28.83 (23.06) 58.39 (15.30) -29.55
(n=17) (36.14)

(3) a- tDCS-M1 25.46 (22.24) 60.98 (17.13) -35.52
(n = 34) (26.80)

(4) s-tDCS-M1) 43.35 (23.08) 56.43 (16.69) -13.07
n=17) (37.99)

Delta (4) value of Food Craving Questionnaire - Trait (FCQ-T)

(1) a-tDCS-L-DLPFC 99.57 (38.15) 86.95 (34.78) -12.61
(n = 34) (17.42)

(2) s-tDCS- L-DLPFC  94.52 (32.96) 93.47 (40.32) -1.05
(n=17) (26.15)

(3) a- tDCS-M1 95.50 (34.90) 78.05 (47.28) ~17.44
(n = 34) (38.84)

(4) stDCS-M1) 102.58(34.34) 103.88 (41.44) 1.29
n=17) (16.84)

Secondary outcomes
Three Factor Eating Questi

ire (TFEQ-21) -Cognitive restraints (CR)

(1) a-tDCS-L-DLPFC 39.67(18.82) 60.71 (11.24) -23.37
(n = 34) (3.99)
(2) stDCS- L-DLPFC  33.27(23.89) 61.76 (13.87) -25.25
(n=17) (6.55)
(3) a- tDCS-M1 36.47(17.89) 59.64 (12.63) -23.16
(n = 34) (3.76)
(4) s-tDCS-M1) 48.04(17.99) 60.78 (9.51) -12.74
n=17) (4.66)

Three Factor Eating Q ire (TFEQ-21) - I Eating (EE)
(1) a-tDCS-L-DLPFC 29.28 (29.06) 67.80 (28.53) -40.92
(n = 34) (49.71)
(2) stDCS- L-DLPFC  33.97 (29.57) 56.86 (34.48) -22.89
(n =17) (63.04)
(3) a- tDCS-M1 35.60 (28.69) 52.61 (29.27) -17.52
(n = 34) (48.88)
(4) s-tDCS-M1) 45.75 (27.18) 49.02 (31.98) ~3.47
n=17) (58.36)
Food Craving Questionnaire - State (FCQ-S)
(1) a-tDCS-L-DLPFC 36.47 (11.76) 32.66 (11.76) -3.80
(n = 34) (8.87)
(2) stDCS- L-DLPFC  39.35 (9.54) 35.92 (12.53) -3.42
(n =17) (9.43)
(3) a- tDCS-M1 37.17 (11.88) 31.81 (15.87) -5.35
(n = 34) (15.80)
(4) s-tDCS-M1) 39.11 (12.70) 34.00 (11.34) -5.11
n=17) (10.24)
Fibromyalgia Impact Questionnaire (FIQ) - on quality of life and disability
(1) a-tDCS-L-DLPFC 73.22 (11.91) 63.70 (13.70) -9.52
(n = 34) (13.12)
(2) s-tDCS- L-DLPFC  73.59 (10.20) 69.24 (11.76) -4.35
(n=17) (10.80)
(3) a- tDCS-M1 77.70 (7.15) 61.09 (13.15) ~16.60
(n = 34) (12.31)
(4) stDCS-M1) 76.24 (7; 96) 69.23 (7.94) -7.01
n=17) (4.60)
Waist Circumference
(1) a-tDCS-L-DLPFC 97.40 (12.08) 97.28 (11.05) -0.38
(n = 34) (5.18)
(2) s-tDCS- L-DLPFC ~ 95.41 (12.87) 95.79 (14.25) -1.40
(n =17) (5.14)
(3) a- tDCS-M1 97.03 (11.38) 94.48 (12.73) -2.34
(n = 34) (5.79)
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Table 2 (continued)
Primary outcome

Delta (4) value of three Factor Eating Questionnaire (TFEQ-21) - Uncontrolled eating (UE)

Stimulation area Mean (SD) before (B) Mean (SD) after (A)  A-value (A-
treatment treatment B)

(4) s-tDCS-M1) 98.0 (9.91) 96.50 (10.13) 0.39 (3.31)
n=17)

Body Mass Index (BMI)

(1) a-tDCS-L-DLPFC 29.68 (4.58) 29.76 (4.86) -.04 (.47)
(n = 34)

(2) s-tDCS- L-DLPFC ~ 28.52 (5.14) 29.73 (5.07) -.07(.59)
(n =17)

(3) a- tDCS-M1 29.19 (4.79) 29.79 (4.86) -.16 (1.4)
(n = 34)

(4) s-tDCS-M1) 43.35 (23.08) 30.67 (4.98) .16 (.40)
n=17)

Primary motor cortex (M1); Left dorsolateral prefrontal cortex (L-DLPFC).

Table 3

Factorial Generelized linear model: Treatment Effects (M-HB-a-tDCS or s-tDCS)
by Stimulation Area (M1 or DLPFC) on Three-Factor Eating Questionnaire
(TFEQ-21) Uncontrolled Eating and Food Craving Trait Scale (n = 102).

Primary outcomes

Delta (4) value of three Factor Eating Questionnaire (TFEQ-21) - Uncontrolled eating (UE)

EMM Beta SEM Cr95% Wald df P ES
z2
Intervention -37.21 -29.69 9.048 (-47.43 10773 1 .001 0.55
groups: a-  (3.69)/-20.43 to
tDCS/s- (5.22) ~11.96)
tDCS
Area of -31.49 -18.24 10.448 (-38.72 3.050 1 .081 -
stimulation:  (4.52)/ to 0.08)
L-DLPFC/  -26.15
M1 (4.52)
Interaction analysis between 2582 1279 (0.74 4.07 1 0.04 035
stimulation area and TO
intervention groups 50.90)

Delta (4) value of Food Craving Questionnaire - Trait (FCQ-T)

Intervention -18.79 -25.68 7.697 (-40.76 11.132 1 .001 0.57
groups: a-  (3.15)/0.11 to
tDCS/s- (4.42) ~10.59)
iDCS

Area of -7.13(3.82)/ -2.35 8.843 (-19.68 .071 1 .790 -
stimulation: —11 (3.84) tp
L-DLPFC/ 14.98)
M1

Interaction analysis between 13.53 10.858 (-7.74 1.553 1 .213 -
stimulation area and o
intervention groups 34.81)

Primary motor cortex (M1); Left dorsolateral prefrontal cortex (L-DLPFC).
Estimated marginal means (EMM).

Degrees of freedom (Df); Standard error for mean (SEM); confidence interval
(95% CI).

Effect size (ES) according to guidelines (Cohen) equivalent phi value .1 repre-
sents a small effect = 0.3 represents a medium effect and = 0.5 represents a
large effect.

-- It indicates that the ES was not calculated by not detecting a significant differ-
ence.

3.2. Assessment of adverse events and safety

We observed a significant difference in the burning sensation be-
tween the M-HB-self-applied-a-tDCS on M1 group and those undergo-
ing a-tDCS on L-DLPFC or receiving sham treatments on either L-DLPFC
or M1 (refer to Table 6). However, the occurrence of most symptoms
showed similarity between a-tDCS and M-HB-self-applied-s-tDCS, with
the majority classified as mild or moderate, even in patients discontinu-
ing treatment due to a burning sensation.
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Table 4

Factorial Generalized linear model: Treatment Effects (M-HB-a-tDCS or s-tDCS)
by Stimulation Area (M1 or DLPFC) on Three-Factor Eating Questionnaire
(TFEQ-21) UE and trait-food craving according to the severity of fibromyalgia
symptoms (n = 102). (n = 102).

Table 5

Factorial Generalized linear model: Treatment Effects (M-HB-a-tDCS or s-tDCS)
by Stimulation Area (M1 or DLPFC) on the cognitive restraints (CR), emo-
tional eating (EE), food craving state, the impact of fibromyalgia symptoms
on quality of life and disability, waist circumference, and BMI (n = 102).

Primary outcomes

Secondary outcomes

Delta (A) value of three Factor Eating Questionnaire (TFEQ-21) - Uncontrolled eating
(UE)

Beta SEM Cl95%  Wald df P ES

12

-46.090 11.4442 -23.660 16220 1 .000 -
-13.133 6.4549 -.482 4139 1 .042 0.34

Intercepted model
Intervention groups: a-
tDCS/s-tDCS eerexe
Area of stimulation: L-
DLPFC/M1 "™
Impact of fibromyalgia 2.011 7312 3.444 7565 1 .006 0.47

symptoms on quality

19.898  14.3037 47.933 1935 1

of life and disability by
FIQ

Interaction analysis: impact of fibromyalgia symptoms on quality of life and
disability and treatment effect

M1/L-DLPFC "™ -1.763 9794  .157 3239 1 .072 -

Delta (4) value of Food Craving Questionnaire - Trait (FCQ-T)
Intercepted model -27.817 9.8798 (-47.18 7.927 1 .005 0.48

to -8.45)
Intervention groups: a- -14.006 5.5232 (-24.83 6.430 1 .011 043
tDCS/s-tDCS e to -3.81)
Area of stimulation: L-  26.215 12,1918 (2.32- 4623 1 .032 0.37
DLPFC/M1"ference 50.11)

Impact of fibromyalgia  1.842 6399  (.59- 8287 1 .004 0.49
symptoms on quality 3.09)
of life and disability by
FIQ
Interaction analysis: impact of fibromyalgia symptoms on quality of life and
disability and treatment effect
M1/L-DLPFC "™ -1.723 8447 (33810 4.162 1 .041 0.35
-0.07)

Fibromyalgia Impact Questionnaire (FIQ).

Primary motor cortex (M1); Left dorsolateral prefrontal cortex (L-DLPFC).
Estimated marginal means (EMM).

Degrees of freedom (Df); Standard error for mean (SEM); confidence interval
(95% CI).

Effect size (ES) according to guidelines (Cohen) equivalent phi value .1 repre-
sents a small effect, = 0.3 represents a medium effect and = 0.5 represents a
large effect.

-- It indicates that the ES was not calculated by not detecting a significant differ-
ence.

3.3. Assessment of adherence

Analysis did not indicate any significant difference between the
groups regarding the number of sessions, as shown in Table 1. Three pa-
tients (two in the M-HB-self-applied-a-tDCS group and one in the M-HB-
self-applied-s-tDCS group) received fewer than five sessions. In the
group that received a-tDCS over the DLPFC and M1, the total number of
sessions was 1300, of which we recorded 1174 valid sessions (90.30%).
In the group that received M-HB-self-applied-s-tDCS on the DLPFC and
M1, there were 587 valid sessions, whereas the total number of sessions
was 680 (86.32%). The total number of scheduled sessions for all sam-
ples, considering a-tDCS and M-HB-self-applied-s-tDCS, was 1980, with
1761 valid sessions recorded in total. Thus, total adherence for all sub-
jects was 88.94%.

3.4. Assessment of the qualitative description of blinding integrity
Patients who received M-HB-self-applied-a-tDCS on M1 and left

DLPFC could guess correctly 96% of the time and 94.1% of the time. In
contrast, M-HB-self-applied-s-tDCS on M1 and left DLPFC groups

Three Factor Eating Qi ire (TFEQ-21) -Cognitive restraints (CR)
EMM Beta SEM CI95% Wald df P ES
72
Intervention -22.10 -10.42 6.6807 (-2351 243 1 019 -
groups: a- (2.72)/-20.61 to 2.67
tDCS/s- (3.85)
tDCS
Area of ~24.76 ~15.74 7.7142 (-30.86 4.16 1 0.03 0.35
stimulation:  (3.34)/ o
L-DLPFC/  -17.96 -0.62)
M1 (3.34)

9.4480 (-64to 358 1 0.04 0.32

-36.39)

Interaction analysis between 17.88
stimulation area and
intervention groups

Three Factor Eating Questionnaire (TFEQ-21) - Emotional Eating (EE)

Intervention —34.36 -21.42 9.1888 (-39.43 5434 1 .020 0.40
groups: a- (3.75)/ to

tDCS/s- -17.76 -3.41)

tDCS (5.30)
Area of -32.46 -17.62 10.610 (-38.41 2758 1 .097 -
stimulation:  (4.59)/ to 3.17)

L-DLPFC/  -19.66

M1 (5.59)

Interaction analysis between 9.64 12.9949 (-15.82 .551 1 .458 -
stimulation area and to

intervention groups 35.11)

Food Craving Questionnaire - State (FCQ-S)

Intervention -6.43 (1.39)/ -3.946 3.4260 (-10.66 1.327 1 .249 -
groups: a- -4.27 (1.97) to 2.76)
tDCS/s-
tDCS

Area of -3.61 1.692 3.9561 (-6.06 183 1 .669
stimulation:  (1.71)/-7.09 to 9.44)
L-DLPFC/  (1.71)
M1

Interaction analysis between 3.562 48452 (-593 540 1 .462 -
stimulation area and to

intervention groups 13.05)
Fibromyalgia Impact Questionnaire (FIQ) - on quality of life and disability

Intervention 12.73 (0.72)/ -4.912 1.7377 (-8.31 7.989 1 .005 0.48
groups: a-  15.17 (1.0) to
tDCS/s- -1.50)
tDCs

Area of 15.24 (.87)/ .118 2.0066 (-3.81 003 1 .953 -
stimulation:  12.66 (0.86) to 4.05)
L-DLPFC/
M1

Interaction analysis between 4926 24703 (.08 4.077 1 .042 0.34
stimulation area and 9.76)

intervention groups
Waist Circumference

Intervention ~ —1.56 -2.769 1.3561 (-5.42 4170 1 .041 0.35
groups: a-  (0.56)/-0.42 o
tDCS/s- (0.78) -0.11)
tbCs

Area of -.98 (0.68)/ -1.619 1.5580 )-4.67 1.080 1 .299 -
stimulation:  —0.99 (0.68) to 1.43)
L-DLPFC/
M1

Interaction analysis between 3.280 19130 (-46t 2940 1 .086 -
stimulation area and 7.03)

intervention groups
Body Mass Index (BMI)

(continued on next page)
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Table 5 (continued)
Secondary outcomes

Three Factor Eating Questionnaire (TFEQ-21) -Cognitive restraints (CR)

EMM Beta SEM Cl195% Wald df P ES
12
Intervention  0.04 (.11)/ -113  .2774 (65t .167 1 .683 -
groups: a-  0.43 (0.19) 0.43)
tDCS/s-
tDCS
Area of -0.0 = 16 -.242 3182 (-86to .576 1 .448 -
stimulation:  (.13)/0.33 0.38)
L-DLPFC/  (0.13)
M1
Interaction analysis between 147 3887 (-6l .144 1 .705 -
stimulation area and 0.90)

intervention groups

Primary motor cortex (M1); Left dorsolateral prefrontal cortex (L-DLPFC).
Degrees of freedom (Df); Standard error for mean (SEM); confidence interval
(95% CI).

Effect size (ES) according to guidelines (Cohen) equivalent phi value .1 repre-
sents a small effect, = 0.3 represents a medium effect and = 0.5 represents a
large effect.

-- It indicates that the ES was not calculated by not detecting a significant differ-
ence.

Table 6
Side effects presented as percentage (%), and the incidence or severity of side
effects classified as mild, moderate, and severe (n = 102).

Symptoms  Group Mild Moderate  Severe  P-value¥
Headache

(1) a-tDCS-L-DLPFC (n = 34) 47.1% 47.1% 59%  0.07

(2) s-tDCS- L-DLPFC (n = 17) 50.0% 33.3% 16.7%

(3) a- tDCS-M1 (n = 34) 35.0% 37.5% 27.5%

(4) s-tDCS-M1) n = 17) 40.0% 35.0% 25.0%
Tingling

(1) a-tDCS-L-DLPFC (n = 34) 59% 64.7% 29.4% 0.09

(2) s-tDCS- L-DLPFC (n = 17) 16.7% 38.9% 44.4%

(3) a- tDCS-M1 (n = 34) 27.5% 40.0% 32.5%

(4) s-tDCS-M1) n = 17) 25.0% 55.0% 20.0%
Itching

(1) atDCS-L-DLPFC (n = 34) 59% 58.8% 35.3% 0.09

(2) s-tDCS- L-DLPFC (n = 17) 16.7% 55.6% 27.8%

(3) a- tDCS-M1 (n = 34) 27.5% 40.0% 32.5%

(4) s-tDCS-M1) n = 17) 25.0% 50.0% 25.0%
Burning (1) a-tDCS-L-DLPFC (n = 34)

(1) a-tDCS-L-DLPFC (n = 34) 59% 82.4% 11.8% 0.03*

(2) s-tDCS- L-DLPFC (n = 17) 16.7% 77.8% 5.6%

(3) a- tDCS-M1 (n = 34) 27.5% 57.5% 15.0%

(4) stDCS-M1) n = 17) 25.0% 75.0% 0.0%
Redness

(1) a-tDCS-L-DLPFC (n = 34) 59% 58.8% 35.3% 0.08

(2) s-tDCS- L-DLPFC (n = 17) 16.7% 55.6% 27.8%

(3) a- tDCS-M1 (n = 34) 27.5% 40.0% 32.5%

(4) s-tDCS-M1) n = 17) 25.0% 50.0% 25.0%

¥ The P-values show the difference in the comparisons between groups using
72.

Numbers identify the groups: (1) a-tDCS on L-DLPFC, (2) s-tDCS on L-DLPFC,
(3) a-tDCS on M1, and (4) s-tDCS on M1. The asterisk* indicates a significant
difference for s-tDCS on M1 compared to groups 1, 2, and 4.

showed a high rate of incorrect guesses (87.5% and 93.3%, respec-
tively).

Participants, regardless of the stimulation site, reported a confi-
dence level of 92.6% for a-tDCS and 88.5% for s-tDCS.

4. Discussion

In this study, self-applied M-HB-self-applied-a-tDCS on the L-DLPFC
effectively reduced UE and EE in patients with fibromyalgia. These
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findings make a significant contribution by showing that M-HB-self-
applied-a-tDCS has different effects on trait food cravings depending on
the severity of fibromyalgia symptoms, with a higher impact on food
cravings in the M1 group. They underscore the importance of tailoring
stimulation areas for precise intervention in specific disordered eating
behaviors and highlight the feasibility of M-HB-self-applied-a-tDCS.

4.1. tDCS impact on disordered eating behavior in fibromyalgia

The effect of M-HB-self-applied-a-tDCS on UE and EE, especially
when applied to the L-DLPFC, gives us useful information for creating
targeted interventions for people struggling with disordered eating be-
haviors. This shows the importance of looking at specific brain regions
that control UE [20,43]. These results align with prior randomized clin-
ical trials and meta-analyses conducted by health professionals in med-
ical centers [44,45]. Additionally, they find support on the ground of
neurobiological processes that take place in the prefrontal cortex (PFC),
which has been the focus of tDCS treatment for eating disorders
[46,47]. From a functional perspective, the potential therapeutic bene-
fit of stimulating the PFC is that it is a key brain region associated with
impulsive decision-making and self-control processes [48]. Moreover,
the PFC is believed to play a substantial role in delayed reward dis-
counting (DRD) rates with tDCS use [49,50]. It is not clear what the
best area is to apply tDCS for disordered eating behaviors, with results
showing mixed trends. Previous studies have shown that either inhibit-
ing the L-DLPFC or stimulating the right-(r)-DLPFC can mitigate cisor-
dered eating symptoms related to DRD. Thus, this is an interesting re-
search focus for determining if stimulating the right or left PFC could
produce better results for specific symptoms of determined eating cisor-
ders. Another positive aspect of our study is that it offers M-HB-self-
applied-a-tDCS, a therapeutic approach of low cost with great potential
for feasible long-term use. This is in line with earlier research that
found a dose-response effect in overweight people, showing that, after
one week of daily a-tDCS in the r-DLPFC, participants consumed fewer
calories and said they were less hungry [51]. This approach is also sup-
ported by the concept that the number of consecutive tDCS sessions
seems to be linked to consistent results with longer effects [15]. Al-
though the present study lacks a follow-up, previous studies have
shown that tDCS effects may persist for up to 30 days after stimulation
[52].

We noted that M-HB-self-applied-a-tDCS did not have a significant
effect on cognitive restraints. However, a significant reduction with a
moderate ES (0.35) was observed in the stimulation of L-DLPFC, regard-
less of whether participants received active a-tDCS or a s-tDCS. The in-
teraction analysis between stimulation area and type of stimulation sus-
tained a moderate SE, which likely supports a significant placebo effect
in the outcome. According to previous literature, the placebo effect ob-
served in randomized controlled trials may reflect the influence of indi-
viduals believing they are receiving an active treatment [53]. Thus,
positive expectations and beliefs can lead to neurotransmitter release,
which is involved in neural activity and cognitive processing, contribut-
ing to perceived cognitive improvement, which was indexed in the CR
domain. Other effects that can also influence the treatment effect and
magnify the placebo effect are disease progression, symptom fluctua-
tions, regression to the mean, and response bias in self-reported symp-
toms [53]. Even though the placebo effect has been discussed fre-
quently, its real impact remains in debate. Thus, this is a phenomenon
that needs to be better understood. Notably, literature on the placebo
effect is contentious in several aspects. A previous meta-analysis sug-
gested that the placebo effect is usually small and connected to subjec-
tive outcomes [54], while studies with depressed patients who were not
responding to treatment showed a placebo effect with a large ES, and
was consistent across various treatment modalities, including tDCS
[55]. The placebo effect is real, and it may differ depending on the
treatment type used (e.g., pills or devices). Our results suggest that
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more research is needed to understand how the different factors that
cause the placebo effect work together and what it means for creating
effective treatment plans in clinical settings.

4.2. Varied effects of M-HB-a-tDCS on eating behavior in relation to
fibromyalgia symptom severity

The results highlight that fibromyalgia symptoms can influence the
efficacy of M-HB-self-applied-a-tDCS in mitigating food cravings. This
aligns with previous research indicating a more favorable impact of M-
HB-self-applied-a-tDCS on M1 compared to L-DLPFC for improving fi-
bromyalgia symptoms [27-29]. Although the exact mechanism is not
fully understood, it is plausible that pain diminishes the pleasure de-
rived from food sensory experiences, possibly reducing feelings of sati-
ety [56]. The hypothesis that alleviating fibromyalgia symptoms may
decrease cravings for hyperpalatable foods finds support in data from
the U.S. National Health and Nutrition Examination Survey, suggesting
a nuanced relationship between elevated ultra-processed food intake
and mild depression, heightened mental health challenges, and anxiety
[57]. Effective pain management, therefore, may positively influence
eating behaviors. This interplay of functions provides a potential expla-
nation for the observed association between M1 stimulation and re-
duced food craving. So, these findings contribute to the research field
by demonstrating how a-tDCS applied in one brain area can impact sig-
nals in other brain regions. This offers a novel perspective on how elec-
trical stimulation could potentially remodel dysfunctional neural net-
works across different brain areas.

Furthermore, as demonstrated by a previous electric field modeling
study using PET, M1 stimulation might impact other brain regions like
the ACC, thalamus, insula, and DLPFC [22,23]. It is therefore plausible
that M1 stimulation may induce neuroplastic changes that reorganize
the somatosensory cortex and at the same time modulate neural circuits
associated with reward and craving, including the nucleus accumbens
and prefrontal cortex [19]. These results are clinically relevant to indi-
vidualized planning of the best stimulation area in a clinical setting. As
these results help understand how a-tDCS can be applied in a brain
area, they may have ripple effects, impacting the functional dynamics
of interconnected brain regions. In our study, these treatment effects
could be linked to electrode size, which is crucial for stimulation focus
and cortical excitability [58]. The cumulative therapeutic impact of M-
HB-self-applied tDCS may have amplified these effects [58].When inter-
preting findings, consider these methodological aspects, acknowledging
their potential applicability to fibromyalgia populations, although they
offer insights into a-tDCS benefits for disordered eating in diverse
health contexts.

4.3. M-HB-self-applied-a-tDCS is a feasible and safe approach

This study demonstrated robust data with high adherence rates ex-
ceeding 86.32% in both a-tDCS and s-tDCS treatment groups, showcas-
ing the efficacy and viability of M-HB-self-applied-a-tDCS [59]. The re-
sults support the benefits of M-HB-self-applied-a-tDCS, highlighting in-
creased accessibility, scalability, long-term use, reduced travel costs,
application flexibility, and significantly enhanced treatment adherence.
M-HB-self-applied-a-tDCS side effects were generally mild to moderate,
consistent with rates observed in studies supervised by medical profes-
sionals [58]. Additionally, these findings align with previous studies
utilizing M-HB-self-applied-a-tDCS [27,29,30,33].

It's important to note that the study employed a pre-planned modi-
fied intent-to-treat (m-ITT) analysis with an adjusted protocol, encom-
passing all patients who completed at least ten sessions. The choice of
ten sessions for ITT was guided by most of the literature supporting
clinical symptom improvement in chronic pain [60,61]. This method is
not as strict as classical ITT, but it suggests that M-HB-self-applied-a-

tDCS could be useful in clinical settings with at least a minimum num-
ber of sessions.

4.4. Limitations

In interpreting our findings, several methodological considerations
and limitations must be acknowledged that may have impacted the
study's outcomes. First, we intentionally employed an unbalanced ran-
domization approach, favoring M-HB-self-applied-a-tDCS over M-HB-
self-applied-s-tDCS for feasibility. This decision was aimed at enhanc-
ing protocol adherence by maximizing the number of participants re-
ceiving potentially beneficial treatment. The 2:1 allocation ratio was
chosen based on the rationale that fibromyalgia entails significant suf-
fering, thereby ensuring a larger active group to better identify and as-
sess potential side effects. Second, despite providing comprehensive
training on tDCS device use, we lacked remote monitoring of sessions,
and therefore caution against direct comparisons with supervised stud-
ies. Third, the exclusive enrollment of female participants sought to mit-
igate sex-related biases, considering known differences in a-tDCS effects
on the DLPFC in women. Fourth, imbalances in psychiatric medication
use were addressed through randomization and delta value analysis,
minimizing potential impact on conclusions. Fifth, the high rates of in-
correct guessing indicate effective blinding. While the high confidence
rates in both groups may influence outcomes by potentially inflating
the placebo effect, it's noteworthy that these rates were similar between
the a-tDCS and s-tDCS groups. This similarity implies an equalizirg ef-
fect, making it improbable that their confidence could alter our conclu-
sions significantly. Finally, The COVID-19 pandemic’s mobility limita-
tions prevented a follow-up period, restricting insights into the long-
term impact of the intervention on outcomes. These methodological
considerations highlight the need for cautious interpretation and sup-
port future studies with extended follow-ups, particularly in specific
disordered eating behaviors.

4.5. Conclusion

These findings demonstrate that M-HB-self-applied-a-tDCS is a suit-
able approach for reducing uncontrolled and emotional eating, with
greater efficacy than L-DLPFC. Furthermore, they revealed the influ-
ence of fibromyalgia symptoms on M-HB-self-applied-a-tDCS'’s, with M1
being particularly effective in mitigating food cravings and reducing fi-
bromyalgia symptoms.
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Abstract

The benefits of delivering transcranial direct current stimulation (tDCS) treatment at home are

highlighted:

* Emphasizing reduced burdens
* Improved compliance

* Enhanced access for diverse populations

We presented a validated home-based (HB)-tDCS protocol, offering clear guidelines for safety, user
education, standardization, and quality control. The protocol includes details on the home-based tDCS
device characteristics, electrode positions, stimulation protocols, and user training. Notably, it
emphasizes user selection considerations, the importance of well-defined protocols permitting patient-
scheduled sessions, and adherence monitoring. The document also outlines a structured study protocol,
incorporating baseline assessments, training sessions, and approaches to monitoring protocol
compliance. In conclusion, the perspectives on tDCS with a structured protocol at home might contribute

significantly to advancing neuromodulation practices.
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Specifications table
Subject area Neuroscience
More specific subject area Neuromodulation

Name of your protocol

Procedure and protocol to use the Home-Based-tDCS

Reagents/tools

The device for Home-Based-tDCS is registered with the Brazilian National
Health Surveillance Agency (Anvisa) under number N°§0079190028.

Experimental design

We presented a validated home-based (HB)-tDCS protocol, offering clear
guidelines for safety, user education, standardization, and quality control.

Trial registration

Ethics

The relevant informed consent was obtained from the subjects.

Value of the Protocol

*  Reduced burdens
*  Improved compliance

*  Enhanced access for diverse populations
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1. Background

Several studies have explored transcranial direct current stimulation (tDCS) in various clinical
settings. They have demonstrated effectiveness (Level A) in treating depression. They are likely
effective (Level B) for conditions such as neuropathic pain, fibromyalgia, migraines, Parkinson's disease
(both motor and cognitive symptoms), stroke (motor), epilepsy, schizophrenia, alcohol and drug
addiction, and obesity [1-5]. However, the widespread adoption of tDCS faces challenges due to the
necessity of multiple sessions and the cost of travel to medical centers for patients and the healthcare

system.

To overcome this barrier, home-based tDCS (HB-tDCS) devices have been developed to provide
greater convenience for patients and reduce the need for frequent travel to medical centers [6]. Despite
this advancement, clear guidance for practical therapeutic applications of HB-tDCS remains challenging
[7]. Establishing a standardized protocol for HB-tDCS is crucial to enhance treatment compliance and
improve accessibility, especially for individuals in remote areas or those facing physical, cognitive, or

chronic health challenges requiring long-term tDCS use [8].

While many home-based tDCS (HB-tDCS) approaches involve interactions between supervisors
and users, the devices must be programmable in a personalized way. They should incorporate safety
features to prevent protocol changes without supervision. Meanwhile, patients need channels to seek
support if necessary. Our experience in randomized controlled trials supports the positive outcomes of

home-based tDCS [9-12].

Success in HB-tDCS hinges on carefully selecting the user, considering their physical and
cognitive capacities to operate the device safely. A comprehensive protocol for home-based tDCS is
essential, covering safety, education, standardization, ethics, quality control, community engagement,

accessibility, and regulatory compliance.

1. Safety: The protocol offers clear guidelines for the safe and correct utilization of tDCS

equipment, mitigating potential risks and adverse effects of improper application.

2. User Education: Publicizing the protocol allows users to access detailed information on proper
tDCS use, fostering user education. This ensures individuals understand the procedure, set appropriate

parameters, and adhere to best practices.

3. Standardization: A standardized protocol maintains consistency in tDCS application, which is
critical for research studies, clinical trials, and therapeutic interventions. This consistency ensures

reliable and comparable results across different settings.

135



Impacto da Estimulagdo Transcraniana de Corrente Continua Domiciliar no Comportamento Alimentar de Mulheres com Fibromialgia: Um Ensaio Clinico Randomizado
Fatorial

4. Ethical Considerations: Transparently sharing the protocol enhances ethical considerations
surrounding the use of tDCS. It ensures users are well-informed about the procedure, potential benefits,

and possible risks, enabling them to make informed decisions.

5. Quality Control: A published protocol acts as a reference for quality control, allowing
researchers, clinicians, and users to adhere to established guidelines and ensure correct and consistent

device utilization.

6. Community Engagement: Publicizing the protocol encourages engagement with the broader
scientific and user communities. It promotes collaboration, feedback, and protocol improvement based

on collective knowledge and experiences.

7. Accessibility: Publicizing the protocol ensures that information is accessible to a wider
audience, including researchers, healthcare professionals, and individuals interested in using tDCS for

various purposes. This facilitates democratized access to knowledge and promotes inclusivity.

8. Regulatory Compliance: Regulatory standards often require detailed protocols for the use of

medical devices. Publicizing the protocol helps meet these standards, ensuring regulatory compliance.

The protocol presented was developed and validated by the team of Pain and Neuromodulation
Lab at Hospital de Clinicas de Porto Alegre (HCPA) in partnership with the Biomedical Engineering
department of the HCPA, Brazil, for the use of tDCS.

2. Home-Based tDCS Device

The device for Home-Based-tDCS is registered with the Brazilian National Health Surveillance
Agency (Anvisa) under number N°80079190028. This device was developed and validated for use at
home, as demonstrated by its previous use in different trials conducted by our group [9,11,13]. The
device monitors contact impedance at a sampling rate of 1 mA and interrupts the session if the
impedance exceeds a predetermined value of 1 mA for an interval of 5 seconds or if the electric current
undergoes an alteration greater than 10%. The equipment records the time and duration of use, as well as
the session time, which allows for adherence monitoring. Since July 2020, when this protocol was in
progress, it has been commercialized by Mendes and Barbosa Produtos Médicos Ltda Quark Medical

(Brazil). The tDCS equipment for home use is presented in Figure panel (1, 2, 3, 4, 5 and 6).
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Figure panel (1, 2, 3,4, 5 and 6).

(1) Schematic drawing of the electrode. Flexible Vinyl material, conductive rubber, and vegetal sponge.

(2) Cap Neoprene of 4 mm thickness manufactured by Biomedical Engineering Department of Hospital
de Clinicas de Porto Alegre, Porto Alegre, Brazil, with sites of stimulation: (2A) Anodal transcranial
Direct Current Stimulation (a-tDCS) with the anode placed over M1 (C3) and cathode over fP2. (2B)
Anodal tDCS with anode over left DLPFC (F3) and cathode over right DLPFC (F3). Device Features:
(3) High resistance. (4) Alarm warning: adjust the cap and inject extra saline. (§) Typical curves of
current intensity versus contact impedance during a tDCS. (6) Typical curves of current

intensity versus contact impedance during 30 seconds in s-tDCS.
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3. Electrodes position and HB-tDCS stimulation protocol

This study protocol used scalp electrodes positioned according to the 10-20 system for EEG,
with the anode at F3 and the cathode at F4, or with the anode positioned on the left primary motor cortex
(C3) and cathode over the right supra-orbital region (Fp2), and the current applied for 20 minutes at 2
mA (see Figure 1A, 1B). The study included both active tDCS and sham conditions, with the device
programmed to offer 30 seconds of stimulation at the beginning, after 10 minutes, and after 20 minutes
during the sham conditions. To ensure a sham condition, the same montage was used for both active
tDCS and sham tDCS. Both active and sham tDCS had a ramp-up time of 20 seconds for the current to
reach 2 mA, followed by a ramp-down time of 20 seconds. This protocol was designed to mimic active
tDCS but without delivering sustained stimulation. The electrodes are 35cm2 and coated with a
vegetable sponge moistened with saline solution administered by two silicone cannulas coupled to the
electrode. The positioning of the electrodes in the stimulation sites was facilitated using a neoprene
elastic cap available in varied sizes for proper adjustment to the patients' heads. To ensure the blinding of
participants regarding the intervention they received the device was programmed to automatically turn
on and off at each of the specified time points for both active and sham tDCS conditions. A biomedical
engineer programed the device to provide a predetermined number of stimulation sessions, with a
minimum interval of 16 hours between each consecutive session. This protocol was designed to ensure
that participants did not receive tDCS sessions extra than the programmed in the protocol, which could
potentially lead to adverse effects or interfere with the outcomes of the study. This approach was adopted
to ensure that participants were unaware of whether they were receiving active or sham stimulation at

any given time during the study.

The study’s protocol included visits to the center for baseline assessment, training on how to
use the device, and assessment at treatment end. The participants receive instructions on how to self-
apply the tDCS, choose a quiet time in their daily schedule to apply the treatment session, and record
adverse effects. The treatment protocol for tDCS at home involved several steps to ensure proper use

and adherence to the protocol.

4. Structure of study protocol

The study's protocol consisted of a structured sequence:

Baseline Assessment: This began at the center, where participants were initially assessed.
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Training Session (Visit 1): Volunteers received comprehensive training on using the tDCS device

correctly. They

were provided with instructions for self-administration at home. The cap size and

electrode positions were determined, and participants were given a link to a video guide for self-

administration (https.//youtu.be/3Wtji4esOGE). They were also encouraged to contact the research team

if needed.

Visit 2: Occurred four weeks after starting the tDCS protocol. Participants returned to the center for a

treatment-end assessment and returned the device. Throughout the protocol, participants were required to

use the device appropriately and keep records of any adverse effects experienced.

Cap Size and Electrode Positioning

The process of determining cap size and electrode positions involved several steps:

(1)

(ii)

(iii)

(iv)

)

(vi)

Measuring the participant's head circumference to select the appropriate cap size
(small, medium, or large).

Participants wore the cap while the researcher identified electrode positions
following the 10-20 EEG system.

Electrode positioning on the cap was based on randomization, with scenarios
such as anode at F3 and cathode at F4 or anode at C3 and cathode at Fp2 (see
Figure 1A, 1B).

Electrodes were inserted into vegetable sponges and secured in the cap following
the 10-20 EEG system.

To avoid electrode placement errors, the anode was marked red, and the cathode
was marked black.

Detailed instructions for self-administration of the tDCS device at home can be
found here: https://www.jove.com/video/57614/home-based-transcranial-direct-

current-stimulation-device-development.

Training and Self-Application of tDCS at Home

The training and instructions for participants to self-administer tDCS at home included the

following steps:
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(ii)

(iii)

(iv)

)

(vi)
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Participants received initial training on equipment usage and skin irritation
identification.

The first treatment session was supervised with detailed instructions provided
through a step-by-step video guide.

Participants were instructed to prepare the stimulation area by exposing it in
front of a mirror.

The skin under the electrodes was cleaned with alcohol to remove creams, dirt,
or grease.

Participants were guided to wear the cap, positioning the seam between their
eyebrows.

Approximately 6 ml of saline was added to the syringes connected to the

sponges.

HB-tDCS Sessions and Compliance Monitoring

To ensure compliance with protocol during HB-tDCS sessions, we implemented several

procedures:

(1)

(ii)

(iii)

(iv)
)

(vi)

Participants were advised to choose a quiet and suitable time in their daily
schedule for their treatment session.

The initial home-based session was conducted under remote supervision,
allowing participants to seek assistance from the research team if needed.

A weekly contact through WhatsApp to track participants' progress and ensure
they adhered to the treatment protocol.

Participants were encouraged to contact the research team for assistance.
Participants were instructed to promptly document any adverse effects in a diary
following each tDCS home session.

To verify the adherence to the following protocol, a biomedical engineer
reviewed the records to confirm the session time, duration, current intensity, and
contact impedance. The average impedance was employed to assess the quality
of the delivered current. The impedance should range between 8 and 4 kQ at the
beginning of stimulation, with the target during treatment between 3 and 2 kQ.
For a valid 20-minute a-DCS session, impedance levels should be between 3 and
2 kQ for at least half the time in the case of a duration of 10 min. The literature

supports the choice of a 10-minute duration by demonstrating its effectiveness in
140



promoting neuroplasticity, with studies by Nitsche (2000) and Bikson (2016)
adding to this understanding [2,14].

5. Perspectives

The Pain and Neuromodulation Lab at HCPA, Porto Alegre, Brazil, in collaboration
with the HCPA's Biomedical Engineering department at HCPA, Porto Alegre, Brazil, developed
and validated this structured protocol for tDCS at home that addresses important issues. Safety
is prioritized through clear guidelines, mitigating the potential risks of improper tDCS
application. Simultaneously, publicizing the protocol enhances user education, fostering
understanding and adherence to best practices. Standardization is achieved, ensuring consistent
tDCS application across diverse settings. The protocol transparently outlines ethical
considerations, empowering users to make informed decisions. It serves as a reference for
quality control and facilitates collaboration, feedback, and continual improvement in the
scientific and user communities. It permits democratizing knowledge; the protocol enhances
accessibility and ensures regulatory compliance with detailed requirements for medical device
use. These perspectives on tDCS at home with a structured protocol contribute to advancing

neuromodulation practices, ethical engagement, and accessibility.

Data availability: Any data related to the intervention and primary outcomes will be available upon
request from Caumo (wcaumo@hcpa.edu.br) without any time restrictions.
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8. CONSIDERACOES FINAIS

Conforme abordado na presente tese, evidéncias tanto em individuos com FM quanto
com obesidade, apontam para um desequilibrio no sistema motivacional da dopamina,
afetando circuitos cerebrais pré-frontais e limbicos, que regem os aspectos relacionados a
cogni¢do e a recompensa do comportamento alimentar.

O estudo 1 (exploratorio) fornece uma estrutura que integra os sintomas cardinais da
fibromialgia, a neuroplasticidade e sinalizagdo dopaminérgica, para avangar na compreensao
da elevada prevaléncia de excesso de peso em individuos com fibromialgia. Observamos que
os individuos com a presenga do alelo Al (Al+) no polimorfismo TaqlA (rs1800497) foram
mais propensos a ter desejos alimentares (food craving) mais fortes. Medidas de IMC e
circunferéncia abdominal mais elevadas, food craving, descontrole alimentar e alimentagdo
emocional associaram-se a sintomas depressivos € dolorosos mais graves, sintomas de
sensibilizacdo central e incapacidade relacionada a dor. Ainda, o gendtipo Al+ exerceu um
efeito moderador na relacdo entre comportamento alimentar, medidas antropométricas,
incapacidade relacionada a dor e sintomas de sensibilizagdo central. A partir de uma
perspectiva conceitual, nossos achados poderiam explicar os processos fisiopatologicos
subjacentes a alimentacdo disfuncional na fibromialgia, que estdo ligados ao status de
neuroplasticidade indexado pelo BDNF sérico. Estes resultados mostram como o polimorfismo
Taql A pode afetar o comportamento alimentar, levando a alimentag@o excessiva e como esses

comportamentos estdo associados aos sintomas da fibromialgia.

No estudo 2 (ensaio clinico) comprovamos a eficidcia da ETCC domiciliar autoaplicada
sobre M1 ou DLPFC esquerdo na melhoria de véarios dominios do comportamento alimentar,

incluindo restricao cognitiva, descontrole alimentar e alimentacdo emocional. Considerando a
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influéncia dos sintomas da FM, apenas o grupo que recebeu estimulacdo em M1 apresentou
melhora nos padrdes de Food Craving. Hipotetizamos que tais efeitos no grupo que recebeu
ETCC ativa sobre o M1 possam ser efeitos secundarios da melhora relacionada a dor e, embora
ndo tenhamos dados sobre medidas de nivel de estresse, também ¢ plausivel que essa melhora
tenha reduzido o estresse, que, assim como a dor, leva a comportamentos alimentares
disfuncionais, maior consumo energético e consequente adiposidade. Embora o maior
contingente de evidéncias utilizando ETCC para modulagdo do comportamento alimentar
disfuncional tenha como alvo o DLPFC, ao se tratar de uma patologia complexa e com
sintomas multifacetados como a fibromialgia, a estimulagdo no M1 mostra-se um sitio

promissor.

Essas novas descobertas fornecem evidéncias sobre os beneficios e o impacto da ETCC
domiciliar autoaplicada em compara¢do com os resultados de ensaios clinicos randomizados
anteriores ¢ meta-andlises onde a estimulagdo foi aplicada por profissionais de satide em

centros médicos e sublinham a relevancia clinica e a praticidade desta técnica.

No estudo 3, padronizamos o protocolo para o uso do equipamento de ETCC domiciliar,
oferecendo diretrizes claras para seguranga, educacdo do usuario, padronizagdo e controle de
qualidade. O protocolo inclui detalhes sobre as caracteristicas do dispositivo ETCC domiciliar,
posicdes dos eletrodos, protocolos de estimulacdo e treinamento do usudrio; enfatiza
consideragdes sobre a selecdo do usudrio, a importancia de protocolos bem definidos que
permitam sessOes agendadas pelo paciente e o monitoramento da adesdo. O documento
também descreve um protocolo de estudo estruturado, incorporando avaliagdes iniciais,
sessdes de treinamento e abordagens para monitorar o cumprimento do protocolo. Acreditamos
que um protocolo estruturado de ETCC domiciliar pode contribuir significativamente para o

avango das praticas de neuromodulagao.
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No entanto, os estudos possuem limitacdes. O estudo I apresenta limitagdes quanto ao
seu desenho, impossibilitando estabelecer relacdes de causa e efeito. Apesar da hipotese
inicial, que postulava que encontrariamos diferencas nos dominios do comportamento
alimentar entre grupos com e sem o polimorfismo TaqlA, o estudo ndo encontrou tais
distingdes. Esta falta de diferenga pode ser atribuida a um erro tipo II devido ao poder
insuficiente para alguns resultados secundarios. Em segundo lugar, ¢ possivel que, apesar dos
esforcos de controle, persista o efeito de fatores de confusdo que poderiam influenciar a
relagdo da variante genética Taql A nos comportamentos alimentares, um efeito de confusao
residual desses fatores. Terceiro, incluimos apenas mulheres; embora essa amostragem
homogénea reduza o potencial de viés de confusdo, ela também limita a validade externa.
Além disso, a auséncia de um periodo de acompanhamento limitou a nossa capacidade de
compreender melhor o impacto da relagdo entre o polimorfismo TaqlA e a neuroplasticidade
mal-adaptativa como fatores que afetam o comportamento alimentar e o excesso de peso a
longo prazo. No estudo 2, destacamos as seguintes limitagdes: primeiro, optamos
intencionalmente por uma abordagem de randomiza¢do desequilibrada (2:1) para priorizar a
viabilidade do estudo, dados os beneficios potenciais da ETCC. Além disso, o tamanho maior
da amostra no grupo ativo melhorou nossa capacidade de identificar e avaliar possiveis efeitos
colaterais. Em segundo lugar, embora tenhamos fornecido treinamento abrangente aos
pacientes sobre como usar o dispositivo ETCC, ndo implementamos o monitoramento remoto
das sessdes durante todo o estudo. Terceiro, incluimos exclusivamente participantes do sexo
feminino para mitigar potenciais vieses relacionados ao sexo. Finalmente, a auséncia de um
periodo de acompanhamento limitou a nossa capacidade de obter uma melhor compreensdo do

impacto a longo prazo da intervengao nos resultados.

Considerando o impacto negativo da dor, dos aspectos emocionais e do excesso de peso

na FM, cuja relevancia ao individuo e sociedade ¢ inquestionavel, ¢ preciso avancar na
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compreensdo de seus mecanismos fisiopatoldogicos com vistas ao avango terapéutico. O
desenvolvimento de interven¢des destinadas a reequilibrar o sistema motivacional da
dopamina e/ou a melhora da sintomatologia associada a FM, como técnicas de indugdo de
neuroplasticidade bem-adaptativa, podem representar um potencial terapéutico no tratamento
do comportamento alimentar desses pacientes, prevenindo ou tratando o ganho de peso e a
obesidade comoérbida. Os achados dos dois estudos que fazem parte da presente tese abrem
caminho para ensaios clinicos maiores que explorem os efeitos da ETCC domiciliar em
diferentes sitios de estimulagcdo e/ou em combinacdo com outras abordagens terapéuticas,
incluindo terapia de aconselhamento nutricional, terapia cognitivo-comportamental, programas

de exercicios fisicos e tratamentos farmacologicos no futuro.
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9. PERSPECTIVAS FUTURAS

A presente tese de doutorado forneceu os seguintes insights importantes: (i) a ETCC
domiciliar reduziu efetivamente o food craving e melhorou o comportamento alimentar
disfuncional em pacientes com fibromialgia. (ii)) a ETCC domiciliar ¢ uma abordagem viavel
para melhorar o comportamento alimentar. (iii) a ETCC domiciliar em M1 melhorou o impacto
da fibromialgia na qualidade de vida e na circunferéncia da cintura. (iv) O efeito da ETCC
anddica no comportamento alimentar disfuncional e no food craving pode estar associada ao

polimorfismo TaqlA e a redu¢do do BDNF.

Mais estudos clinicos nessa area se fazem necessarios para servir de base para futuras
estratégias efetivas de tratamento que incluam neuromodulacdo e técnicas de intervencdo

nutricional efetivas para essa populacio.
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10. ANEXOS

10.1 ANEXO 1 — STROBE (Estudo 1)

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Recommendation Page
No No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the | 85

abstract

(b) Provide in the abstract an informative and balanced summary of what 86
was done and what was found
Introduction
Background/rational 2 Explain the scientific background and rationale for the investigation being 87-88
e reported
Objectives 3 State specific objectives, including any prespecified hypotheses 88
Methods
Study design 4 Present key elements of study design early in the paper 88
Setting 5 Describe the setting, locations, and relevant dates, including periods of 88
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 88
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 88-89
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of | 90-91
measurement assessment (measurement). Describe comparability of assessment methods
if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 88
Study size 10 Explain how the study size was arrived at 88
Quantitative 11 Explain how quantitative variables were handled in the analyses. If 88-91
variables applicable, describe which groupings were chosen and why
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Statistical methods

12

Fatorial

(a) Describe all statistical methods, including those used to control for
confounding

91

() Describe any methods used to examine subgroups and interactions

91

(c¢) Explain how missing data were addressed

91

(d) If applicable, describe analytical methods taking account of sampling
strategy

91

(e) Describe any sensitivity analyses

91

Results

Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible, included in
the study, completing follow-up, and analysed

91-92

(b) Give reasons for non-participation at each stage

(c¢) Consider use of a flow diagram

Descriptive data

14

(a) Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders

91-94

(b) Indicate number of participants with missing data for each variable of
interest

Outcome data

15%

Report numbers of outcome events or summary measures

91-94

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included

90-94

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period

Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

94-97

Discussion
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Key results 18 Summarise key results with reference to study objectives 97

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias | 101
or imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 97-
limitations, multiplicity of analyses, results from similar studies, and other 102
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 97-

102
Other information
Funding 22 Give the source of funding and the role of the funders for the present study 85

and, if applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background

and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this

article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal
Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE
Initiative is available at www.strobe-statement.org.
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10.2. ANEXO 2: CONSORT (Estudo 2)

sw4 CONSORT 2010 checklist of information to include when reporting
V424 arandomised trial-

Section/Topic Item Checklist item Reported
No on page No

Title and abstract

la Identification as a randomised trial in the title 119

1b Structured summary of trial design, methods, results, and conclusions 119
(for specific guidance see CONSORT for abstracts)

Introduction
Background and 2a Scientific background and explanation of rationale 120
objectives
2b Specific objectives or hypotheses 120
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including 120
allocation ratio
3b Important changes to methods after trial commencement (such as NA
eligibility criteria), with reasons
Participants 4a Eligibility criteria for participants 120
4b Settings and locations where the data were collected 120
Interventions 5 The interventions for each group with sufficient details to allow 120-122
replication, including how and when they were actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome 121
measures, including how and when they were assessed
6b Any changes to trial outcomes after the trial commenced, with reasons NA
Sample size 7a How sample size was determined 120
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Randomisation:

Sequence
generation

Allocation
concealment
mechanism

Implementation

Blinding

Statistical methods

Results

Participant flow (a
diagram is strongly
recommended)

Recruitment

Baseline data

Numbers analysed

7b

8a

8b

10

11a

11b

12a

12b

13a

13b

14a

14b

15

16

When applicable, explanation of any interim analyses and stopping
guidelines

Method used to generate the random allocation sequence

Type of randomisation; details of any restriction (such as blocking and
block size)

Mechanism used to implement the random allocation sequence (such as
sequentially numbered containers), describing any steps taken to
conceal the sequence until interventions were assigned

Who generated the random allocation sequence, who enrolled
participants, and who assigned participants to interventions

If done, who was blinded after assignment to interventions (for
example, participants, care providers, those assessing outcomes) and
how

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary
outcomes

Methods for additional analyses, such as subgroup analyses and
adjusted analyses

For each group, the numbers of participants who were randomly
assigned, received intended treatment, and were analysed for the
primary outcome

For each group, losses and exclusions after randomisation, together with
reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for
each group

For each group, number of participants (denominator) included in each
analysis and whether the analysis was by original assigned groups

NA

120

120

120

120

120

120

125-126

125-126

122

122

2019-2022

November

2022

122

122-126
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Outcomes and
estimation

Ancillary analyses

Harms

Discussion

Limitations

Generalisability

Interpretation

Other information

Registration

Protocol

Funding

17a

17b

18

19

20

21

22

23

24

25

Fatorial

For each primary and secondary outcome, results for each group, and
the estimated effect size and its precision (such as 95% confidence
interval)

For binary outcomes, presentation of both absolute and relative effect
sizes is recommended

Results of any other analyses performed, including subgroup analyses
and adjusted analyses, distinguishing pre-specified from exploratory

All important harms or unintended effects in each group (for specific guidance
see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and,
if relevant, multiplicity of analyses

Generalisability (external validity, applicability) of the trial findings

Interpretation consistent with results, balancing benefits and harms, and
considering other relevant evidence

Registration number and name of trial registry

Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of
funders

122-126

NA

NA

122

127

126

126-127

NCT038432
03

With
correspondi

ng author

128

Citation: Schulz KF, Altman DG, Moher D, for the CONSORT Group. CONSORT 2010 Statement: updated guidelines for reporting parallel
group randomised trials. BMC Medicine. 2010;8:18.

© 2010 Schulz et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important
clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and
equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those
and for up-to-date references relevant to this checklist, see www.consort-statement.org.
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10.3. ANEXO 3: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

N°do CAAE: 12625718.9.0000.5327

Titulo do Projeto: IMPACTO DA ESTIMULACAO TRANSCRANIANA DE CORRENTE
CONTINUA DOMICILIAR NO COMPORTAMENTO ALIMENTAR DE MULHERES COM
FIBROMIALGIA: UM ENSAIO CLINICO RANDOMIZADO FATORIAL

Vocé esta sendo convidada a participar de uma pesquisa cujo objetivo ¢ avaliar o impacto da
estimulagdo transcraniana de corrente continua (ETCC) aplicada sobre o DLPFC esquerdo ou M1 no
comportamento alimentar disfuncional em mulheres com fibromialgia, considerando a eficacia e a
seguranca do uso deste tipo de interven¢do. Ou seja, neste projeto, pretendemos avaliar o efeito da ETCC
no comportamento alimentar, pois sabe-se que pacientes com fibromialgia possuem uma alta prevaléncia
de excesso de peso/obesidade, o que pode interferir no curso e no progndstico da doenga.

Este projeto ¢ realizado pelo Laboratdrio e Dor & Neuromodulagdo do Hospital de Clinicas de
Porto Alegre (HCPA). Estamos realizando esse convite, pois a senhora ja aceitou participar da pesquisa
“Estudo de eficacia e efetividade da estimulagdo transcraniana de corrente continua (ETCC) de longo
prazo em nivel domiciliar na fibromialgia: um ensaio clinico randomizado, explanatério” do mesmo
grupo de pesquisa.

Se a senhora aceitar participar da pesquisa, os procedimentos envolvidos em sua participag¢do sdao
0s seguintes:

Vocé preencherd 4 questionarios sobre seus habitos alimentares. Estes questionarios possuem
questdes de marcar a resposta e podem ser respondidos em aproximadamente 1 hora. Sera realizada uma
coleta de sangue (15 mL, equivalente a 3 colheres de ch4). O material biologico coletado serd utilizado
exclusivamente para essa pesquisa. Apos as analises previstas, o material restante serd descartado.
Também serdo medidos a sua circunferéncia abdominal bem como o peso e a altura. Esses
procedimentos serdo realizados no mesmo dia de uma das visitas do projeto que vocé ja participa.

Adicionalmente, pedimos a sua autorizagdo para acessar informacdes ja coletadas no estudo
anterior, tais como informagdes sociodemograficas e resultados de avaliagdes.

Depois de trés meses, a senhora devera realizar novamente o preenchimentos dos questionarios e
as medidas de circunferéncia abdominal ¢ de peso.

Um possivel desconforto podera ser sentido na coleta de sangue, devido & introducdo da agulha,
com o possivel surgimento de um hematoma (mancha roxa na pele) ou outro desconforto no local da
coleta. Um outro desconforto associado a pesquisa ¢ o tempo que devera ser disponibilizado para a
realizagcdo dos procedimentos propostos.

A participagdo na pesquisa ndo trard beneficios diretos as participantes, porém, contribuird para
o aumento do conhecimento sobre o assunto estudado, e, podera beneficiar futuras pacientes.

Sua participacdo na pesquisa ¢ totalmente voluntaria, ou seja, ndo € obrigatoria. Caso vocé
decida ndo participar, ou ainda, desistir de participar e retirar seu consentimento, ndo haverd nenhum
prejuizo ao atendimento que vocé recebe ou possa receber na instituicao.
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Nao esta previsto nenhum tipo de pagamento pela sua participacdo na pesquisa € voc€ nao tera
nenhum custo com respeito aos procedimentos envolvidos.

Caso ocorra alguma intercorréncia ou dano, resultante de sua participacdo na pesquisa, vocé
receberd todo o atendimento necessario, sem nenhum custo pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os resultados
serdo apresentados conjuntamente, sem a identificacdo dos participantes, ou seja, 0 seu nome nao
aparecera na publicagdo dos resultados.

Caso vocé tenha duvidas, podera entrar em contato com o pesquisador responsavel, Prof® Dr.
Wolnei Caumo ou com a pesquisadora Manoela Jornada, pelo telefone (51) 3359-6377, ou com o
Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone (51)
33597640, ou no 2° andar do HCPA, sala 2229, de segunda a sexta, das 8h as 17h.

Esse Termo ¢ assinado em duas vias, sendo uma para o participante e outra para os
pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:

Assinatura

Local e Data:
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10.4. ANEXO 4 - PRODUCAO DURANTE O PERIODO DO DOUTORADO

Semana

De 30 de setembro a 4 de outubro de 2019

39 a Cientifica Gestao da pesquisa aplicada a saide
'@\

do HCPA

Certificamos que o trabalho RELACAO ENTRE SINTOMAS DEPRESSIVOS, ANSIOSOS E DE DOR COM ALIMENTACAO
EMOCIONAL E FOOD-CRAVING EM MULHERES COM FIBROMIALGIA: UM ESTUDO EXPLORATORIO de autoria de
SAMARA MACHADO BRUCK; MANOELA NEVES DA JORNADA; BETINA FRANCESCHINI TOCCHETTO; LUCIANA
DA CONCEICAO ANTUNES; LETICIA RAMALHO; JESSICA LORENZI ELKFURY; WOLNEI CAUMO, foi apresentado na
modalidade E-POSTER na 39" Semana Cientifica do HCPA, realizada no Hospital de Clinicas de Porto Alegre, no periodo de 30 de
setembro a 4 de outubro de 2019.

Prof®. Nadine Oliveira Clausell Prof®. Patricia Ashton-Prolla
Diretora-Presidente do Hospital de Clinicas Coorderladora do GPPG
L)
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CERTIFICADO

Certificamos que

SAMARA MACHADO BRUCK

apresentou o trabalho

RELAGCAO ENTRE SINTOMAS DEPRESSIVOS, ANSIOSOS E DE DOR
COM ALIMENTACAO EMOCIONAL E FOOD-CRAVING EM MULHERES
COM FIBROMIALGIA: UM ESTUDO EXPLORATORIO

orientado por

WOLNEI CAUMO

na modalidade "Apresentagéo oral e poster", com carga horaria de 5 horas, no
Saldo UFRGS 2019: XXXI SALAO DE INICIACAO CIENTIFICA DA UFRGS,
realizado no periodo de 21/10/2019 a 25/10/2019.

Documento gerado sob autenticagdo KAA.980.283.693

m 21a25d tubro de 2019
PROPES a e outubro de
gnesouoc ious: Campus do Vale . UFRGS
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