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RESUMO

As manifestagdes neuroldgicas associadas a COVID-19 foram descritas desde o inicio da
pandemia. Além das manifestacdes neuroldgicas gerais, queixas cognitivas e comprometimento
cognitivo associados a COVID-19 foram descritos nas fases aguda/subaguda da doenca (<12
semanas da infeccdo) e apos essas fases, em um quadro que recebeu a denominacéo de Long-
Covid ou Covid longa. A apolipoproteina E (apoE) é importante no transporte do colesterol,
esta relacionada ao risco de doenca de Alzheimer esporadica, é codificada pelo gene APOE no
braco longo do cromossomo 19 e compreende trés variantes alélicas (E2, E3 e E4). Com relacédo
a pesquisa do polimorfismo do gene APOE em pacientes com COVID-19, quadros de COVID-
19 mais graves foram relacionados a presenca do alelo E4. Até onde sabemos, apenas uma
publicacdo do nosso grupo avaliou as manifestacbes cognitivas apdés a COVID-19 e as
correlacionou com polimorfismos do gene APOE. O objetivo do nosso estudo foi investigar se
o polimorfismo do gene APOE esta relacionado as manifestacdes cognitivas em pacientes com
Covid longa. Este estudo transversal foi realizado com pacientes com COVID-19, atendidos
ambulatorialmente em Fortaleza, entre julho de 2020 até abril de 2022. Além de ficha clinica
padronizada, testes para avaliacdo cognitiva, psiquiatrica e funcional foram aplicados. Os
pacientes foram classificados cognitivamente em normais, declinio cognitivo subjetivo (DCS),
comprometimento cognitivo leve (CCL) ou deméncia. Esses trés ultimos grupos foram reunidos
sob o termo declinio cognitivo (DC). Foram coletados tubos de sangue periférico para pesquisa
do polimorfismo do gene APOE. O numero final de pacientes incluidos neste estudo foi de 219,
avaliados, em média, 4,5 meses ap6s a COVID-19. Houve predominio do sexo feminino
(64,7%). A média de idade foi de 46 + 15 anos, com a maioria dos pacientes com escolaridade
superior a 8 anos (N = 176; 80,4%). A maioria dos pacientes néo foi internada na fase aguda da
doencga (74,7%). A maioria dos pacientes (64,7%) teve como queixa principal os sintomas de
declinio cognitivo, e as altera¢fes cognitivas foram a principal queixa no nosso estudo, mesmo
em casos leves de COVID-19 em uma populacdo majoritariamente ambulatorial. O grupo
declinio cognitivo apresentou maior frequéncia do alelo E4 em comparagéo ao grupo normal
(30,6 vs 16,4%, respectivamente, p=0,038). O grupo DC também apresentou maior frequéncia
de disturbios do sono em relagdo ao grupo normal (35,7 vs 17,1%, respectivamente, p=0,004)
e maior frequéncia de sintomas ansiosos em relacdo ao grupo normal (30,8 vs 17,1%,
respectivamente, p=0,028). Neste estudo, as queixas de memoria foram comuns apos as fases

aguda e subaguda da doenga. Nosso estudo ainda encontrou no grupo com DC uma maior



frequéncia de queixas de sono e de sintomas de ansiedade. Em nosso estudo, individuos com
declinio cognitivo ndo apresentaram frequéncia maior de depressdo. Em relagdo ao subtipo do
declinio cognitivo encontrado, a maior parte dos pacientes apresentou declinio cognitivo
subjetivo. Os escores das baterias de avaliacdo cognitiva ndo apresentaram diferencas entre 0s
grupos com e sem declinio cognitivo, impedindo tracar no presente estudo um perfil cognitivo
com os dominios cognitivos mais afetados. O acompanhamento longitudinal desses pacientes
¢ fundamental para determinar a duracdo desse comprometimento cognitivo. Também, a
avaliacdo neuropsicoldgica desses pacientes pode contribuir para uma melhor caracterizacdo
dos quadros de DCS ou CCL e determinacdo dos dominios cognitivos mais afetados. Estudos
futuros com avaliagdo de biomarcadores de doencas neurodegenerativas no liquido
cefalorraquidiano ou plasma podem trazer uma ligacéo entre a COVID-19 e o aparecimento ou

agravamento de doencas neurodegenerativas.

Palavras-chave: COVID-19; Comprometimento Cognitivo; SARS-CoV-2; Deméncia; APOE.



ABSTRACT

Neurological manifestations associated with COVID-19 have been described since the
beginning of the pandemic. In addition to the general neurological manifestations, cognitive
complaints and cognitive impairment associated with COVID-19 have been described in the
acute/subacute phases of the disease (<12 weeks of infection) and after these phases, in a
condition that has been named Long-Covid. Apolipoprotein E (apoE) is important in cholesterol
transport, is related to the risk of sporadic Alzheimer's disease, is encoded by the APOE gene
on the long arm of chromosome 19, and comprises three allelic variants (E2, E3, and E4).
Regarding the investigation of the APOE gene polymorphism in patients with COVID-19, more
severe COVID-19 conditions were related to the presence of the E4 allele. To the best of our
knowledge, only one publication from our group evaluated cognitive manifestations after
COVID-19 and correlated them with polymorphisms of the APOE gene. The aim of our study
was to investigate whether the APOE gene polymorphism is related to cognitive manifestations
in patients with long-term Covid. This cross-sectional study was carried out with patients with
COVID-19, treated as outpatients in Fortaleza, between July 2020 and April 2022. In addition
to a standardized clinical record, tests for cognitive, psychiatric and functional assessment were
applied. Patients were classified cognitively as normal, subjective cognitive decline (SCD),
mild cognitive impairment (MCI) or dementia. These last three groups were brought together
under the term cognitive decline (CD). Peripheral blood tubes were collected to investigate the
polymorphism of the APOE gene. The final number of patients included in this study was 219,
evaluated, on average, 4.5 months after COVID-19. There was a predominance of females
(64.7%). Mean age was 46 + 15 years, with most patients having more than 8 years of schooling
(N =176; 80.4%). Most patients were not hospitalized in the acute phase of the disease (74.7%).
Most patients (N = 143; 64.7%) had symptoms of memory impairment as their main complaint,
and cognitive changes were the main complaint in our study, even in mild cases of COVID-19
in a mostly outpatient population. The cognitive decline group had a higher frequency of the
E4 allele compared to the normal group (30.6 vs 16.4%, respectively, p=0.038). The CD group
also showed a higher frequency of sleep disorders compared to the normal group (35.7 vs
17.1%, respectively, p=0.004) and a higher frequency of anxiety symptoms compared to the
normal group (30.8 vs 17. 1%, respectively, p=0.028). In this study, memory complaints were
common after the acute and subacute phases of the disease. Our study also found a higher
frequency of sleep complaints and anxiety symptoms in the CD group. In our study, individuals



with cognitive decline did not have a higher frequency of depression. Regarding the subtype of
cognitive decline found, most patients had subjective cognitive decline. The scores of the
cognitive assessment batteries did not show differences between the groups with and without
cognitive decline, preventing us from drawing a cognitive profile with the most affected
cognitive domains in the present study. Longitudinal follow-up of these patients is essential to
determine the duration of this cognitive impairment. Also, the neuropsychological evaluation
of these patients can contribute to a better characterization of DCS or MCI and determination
of the most affected cognitive domains. Future studies evaluating biomarkers of
neurodegenerative diseases in cerebrospinal fluid or plasma may bring a link between COVID-
19 and the onset or worsening of neurodegenerative diseases.

Keywords: COVID-19; Cognitive Impairment; SARS-CoV-2 Infection; Dementia; APOE.
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1 INTRODUCAO

1.1 COVID-19, epidemiologia, fisiopatologia e manifestacdes clinicas

Em meados de novembro de 2019, um surto de pneumonia de causa
desconhecida em Wuhan, provincia de Hubei, na China, comecou a despertar atencdo das
autoridades sanitarias chinesas. A COVID-19, nome dado a nova doenca descrita, foi declarada
pandemia pela Organizacdo Mundial da Satide em 11 de marc¢o de 2020, apresentando elevados
indices de contaminacdo e mortalidade na China, Italia e Espanha, e posteriormente nos Estados
Unidos (WHO, 2022).

Até o presente momento, a doenca infectou 672.440.247 pessoas no mundo,
36.905.201 pessoas no Brasil e 1.450.221 pessoas no Ceard, causando respectivamente
6.851.332, 697.663 e 28.114 6bitos nos referidos locais (OUR WORLD IN DATA, marc¢o de
2023). Particularmente no Cear4, até 0 momento, a pandemia atravessou trés ondas, nome dado
a um periodo de maior contagio e volume de casos, a primeira no primeiro semestre de 2020, a
segunda (causada pela variante P.1) no fim de 2020 e inicio de 2021 e a terceira (causada pela
Omicron) no primeiro semestre de 2022 (FIOCRUZ, 2022, OUR WORLD IN DATA, 2023,
ROCHA, 2021). O agente causador da COVID-19 é um coronoavirus, um virus RNA, o qual
foi denominado SARS-CoV-2 (LU et al., 2020). Tal agente infecta principalmente células
alveolares pulmonares e utiliza sua proteina spike, composta pelas subunidades S1 e S2, para
interagir com a enzima conversora de angiontensina (ECA) e posterior entrada nas células
infectadas (HUANG et al., 2020).

Quanto a infeccdo no sistema nervoso central (SNC), Matschke et al., (2020)
avaliaram 43 pacientes, detectando astrogliose em 86% dos pacientes, além de ativacdo
microglial e infiltracdo por linfocitos T citotoxicos mais pronunciadas no tronco encefalico e
no cerebelo, porém a presenca de SARS-CoV-2 no SNC ndo foi associada a gravidade das
alteracdes neuropatoldgicas. Ja Neumann et al., (2020) analisaram o liquor de 30 pacientes com
COVID-19 na fase aguda da doenca e sintomas neurologicos associados, todos com reacdo em
cadeia da polimerase (PCR) para SARS-CoV-2 negativo. J& em estudo utilizando organoides
cerebrais, Pellegrini et al., (2020) avaliaram a expressdo do receptor de ECA em diferentes
grupos de células, e a expressdo de ECA foi detectada predominantemente em agrupamentos
de células epiteliais do plexo coroide, mas ndo em células neuronais. Esses autores sugerem
gue os sintomas neuroldgicos nao se devem a um efeito direto nos neurdnios, mas sim a uma

consequéncia do dano a barreira hematoliquorica, resultando em extravasamento e alteracGes
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pro-inflamatorias no liquor. Samudyata et al. (2022), por sua vez, examinaram organoides
cerebrais infectados com SARS-CoV-2 e observaram uma importante reducdo na densidade
pos-sindptica mediada pela microglia. Ja Mesci et al. (2022) demonstraram que 0 SARS-CoV-
2 pode replicar-se produtivamente e promover a morte de células neurais, incluindo neurénios
corticais.

Na maioria dos casos, a doenga se manifesta de maneira similar a outras viroses
respiratorias, apresentando sintomas como coriza, febre, mialgia e cefaleia. Alguns casos, no
entanto, evoluem com dispneia, chegando a apresentar insuficiéncia respiratoria, sepse e
faléncia de 6rgéos. Tal evolugcdo pode decorrer de uma super ativacdo do sistema imune por
uma “tempestade de citocinas” (KABBANI; OLDS, 2020).

1.2 Manifestac6es neuroldgicas gerais associadas a COVID-19

Em um estudo realizado em trés hospitais localizados nas areas endémicas para
COVID-19 em Wuhan, provincia de Hubei, foram avaliados retrospectivamente 214 pacientes
que apresentavam diagnostico de COVID-19. Nesse estudo, 36,4 % dos pacientes (total de 78)
apresentavam alguma manifestacdo neuroldgica, sendo mais comum o envolvimento central
(tonturas, cefaleia, alteracdo do nivel de consciéncia, acidente vascular cerebral (AVC), ataxia
e epilepsia). Além disso, os pacientes com doenca severa apresentavam maior probabilidade de
desenvolverem alteracdes neuroldgicas, principalmente distdrbios do nivel de consciéncia,
doenca cerebrovascular aguda e doenca muscular esquelética (ZHU et al., 2020).

Apos essa descri¢do inicial, diversas outras manifestacfes neuroldgicas foram
sendo relatadas e descritas ao longo da pandemia, no sistema nervoso central e periférico (WU
et al.,, 2020). Dentre as manifestacdes do sistema nervoso central relatadas nas fases
aguda/subaguda da doenca (<12 semanas do inicio do quadro), foram descritas doencas
cerebrovasculares e encefalopatia (OXLEY et al., 2020; CAVALCANTI et al., 2020; DIAS et
al., 2020; HELMS et al., 2020). Além disso, cefaleia nova ou piora de cefaleia prévia podem
ocorrer nas fases aguda/subaguda ou ap6s 12 semanas do inicio do quadro (ANJOS DE PAULA
et al., 2021). Manifestagdes inflamatorias imunomediadas menos comuns no sistema nervoso
central também podem ocorrer associadas a COVID-19, como encefalites autoimunes e mielites
(SOMANI et al, 2020; TAVARES-JUNIOR; COIMBRA; BRAGA-NETO, 2022;
VALIUDDIN; SKWIRSK; PAZ-ARABO, 2020).

Com relacdo aos sintomas referentes ao sistema nervoso periférico, quadros de

sindrome de Guillain-Barré podem sobrevir de maneira incomum. Ainda nesse contexto,
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hiposmia e hipogeusia séo manifestagdes comuns, mesmo em quadros leves de COVID-19 e
podem persistir por longos periodos (TOSCANO et al., 2020; LECHIEN et al., 2020).

1.3 Manifestagdes cognitivas associadas a COVID-19

Além das manifestagbes neurol6gicas gerais, queixas cognitivas e
comprometimento cognitivo associados a COVID-19 foram descritos nas diferentes fases da
COVID-19 (HELMS et al., 2020; REDDY, 2020; ZHOU et al., 2020; BRUTTO et al., 2021,
DELORME et al., 2020; CANI et al., 2021). O comprometimento cognitivo também ja havia
sido relatado de forma associada a infecgdo por outros coronavirus (ROGERS et al., 2020).

Inicialmente durante a pandemia, os estudos enfatizaram as manifestacfes
cognitivas durante o internamento hospitalar ou logo apds a alta hospitalar (JAYWANT et al.,
2021; ALEMANNO et al., 2021). Um estudo chinés, por exemplo, avaliou a cognicao de 29
pacientes com COVID-19 por meio de questionarios autopreenchidos pelos pacientes a
distancia, correlacionando queixas cognitivas a niveis elevados de proteina C reativa durante a
fase aguda da doenca (ZHOU et al., 2020). Além disso, alguns grupos de autores demonstraram
na fase aguda da doenca quadros de encefalopatia associada a condi¢des graves e mutismo
acinético associado ao hipometabolismo frontal no cérebro por meio de tomografia por emissédo
de positrons (FDG-PET) (DELORME et al., 2020; CANI et al., 2021). Em um primeiro
momento, a literatura sobre as queixas e 0 comprometimento cognitivo pés-Covid envolveram
estudos realizados em pacientes internados ou avaliados ap6s o internamento na fase subaguda
da doenca (<12 semanas da infeccdo) (JAYWANT et al., 2021; ALEMANNO et al., 2021).
Jaywant et al., (2021) avaliaram 57 pacientes internados por COVID-19 ainda na fase aguda da
doenca e, utilizando o Brief Memory and Executive Test, flagraram 81% de comprometimento
cognitivo. Também avaliando pacientes internados, com aplicacdo do Mini Exame do Estado
Mental (MEEM) ou Montreal Cognitive Assessment (MoCA) na fase aguda da doenca,
Alemanno et al., (2021) subdividiram 87 pacientes de acordo com a necessidade de
suplementacdo de oxigénio nessa fase da doenca e identificaram 80% de comprometimento
cognitivo.

Apo0s a fases aguda/subaguda da doenca, as queixas e comprometimento cognitivos
foram avaliados por alguns grupos de pesquisadores com foco em pacientes previamente
internados (MISKOWIAK et al., 2021; RASS et al., 2021). Miskowiak et al., (2021), por
exemplo, utilizaram testes de rastreio cognitivo e avaliaram 29 pacientes apds 3-4 meses do

internamento, demonstrando 59-65% de comprometimento cognitivo, o qual foi correlacionado
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aos niveis de comprometimento pulmonar residual e de d-dimero na fase aguda da doenca. Por
sua vez, apos 3 meses da infeccdo, Rass et al., (2021) avaliaram 135 pacientes previamente
hospitalizados e relataram que o comprometimento cognitivo, avaliado por meio do MoCA,
variou de acordo com a gravidade clinica da doenca, atingindo 29% nos pacientes mais graves.

Posteriormente, manifestacGes cognitivas apos as fases aguda e subaguda da doenga
passaram a ser relatadas mesmo em pacientes com formas leves ou assintomaticas da doenca e
foram inicialmente descritas pelos pacientes, inclusive em redes sociais (REDDY, 2020). Tais
manifestacdes normalmente podem cursar com outros sintomas, como fadiga e distdrbios de
sono em um quadro que recebeu a denominacdo de Long-Covid ou Covid longa (NATH, 2020).
Essas queixas relatadas subjetivamente pelos pacientes passaram a ser avaliadas formalmente
em diferentes coortes (NATH, 2020; GRAHAM et al., 2021). Graham et al., (2021) avaliaram
50 pacientes ambulatoriais apos 4 meses da infec¢do, compararam a 50 participantes sem
infeccdo e demonstraram piores desempenhos dos pacientes em testes de atengdo e memoria de
trabalho. Brutto et al., (2021), por sua vez, avaliaram pacientes ambulatoriais com quadros leves
da doenca 6 meses apos a infeccéo e, utilizando o MoCA, demonstraram um declinio em 21%
dos pacientes comparando a dados dos mesmos pacientes antes da pandemia (GRAHAM et al.,
2021).

Os estudos inicialmente utilizaram baterias breves de rastreio cognitivo, porém com
a demonstracdo de comprometimento cognitivo e com relatos por grupos de estudo sobre a
insensibilidade dessas ferramentas em flagrar objetivamente tal comprometimento pés Covid,
algumas publicacdes passaram a enfatizar uma avaliacdo neuropsicologica mais detalhada,
visando melhorar a sensibilidade, bem como determinar um possivel perfil cognitivo com os
dominios cognitivos mais afetados (CRIVELLI et al., 2022; GARCIA-SANCHEZ et al, 2022).
Crivelli et al., (2022) por exemplo, compararam 45 pacientes com 45 controles 142 dias ap0s a
infeccdo e, através de uma avaliacdo neuropsicoldgica, relataram um prejuizo maior no primeiro
grupo nos dominios cognitivos da atencdo, memoria, fungdes executivas e linguagem. Ja
Garcia-Sanchez et al., (2022) avaliaram 63 pacientes, incluindo 33 pacientes previamente
hospitalizados, 6 meses apés a infecgdo e relataram a atengdo como o dominio cognitivo mais

afetado a partir de uma avaliacdo neuropsicoldgica extensa.

1.4 APOE, COVID-19 e cognicao

A apolipoproteina E (apoE) apresenta 299 aminoéacidos, é produzida principalmente

no figado e desempenha um papel central no metabolismo das lipoproteinas plasmaticas, no
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transporte lipidico nos tecidos e na absorcdo do colesterol no intestino (LIN et al., 1986;
KESANIEMI et al., 1987, MAHLEY; RALL, 2000). A presenca do alelo E4 potencializa a
absorcdo de colesterol pelo intestino e confere uma vantagem para os portadores em um
ambiente com dieta pobre em colesterol (SCACCHI et al., 1997). Raiha et al., (2017)
descobriram que a ocorréncia do alelo E4 estava associada ao aumento do risco de mortalidade
vascular, e a mortalidade vascular ajustada foi 50% maior em individuos com o alelo E4 em
relacdo aqueles sem E4. A apoE também desempenha papéis importantes na antioxidagéo, na
resposta inflamatdria e na reparacdo endotelial, e a presenca do alelo E4 esta associada a uma
menor acdo antioxidante, menor reparo endotelial e maior reposta pré-inflamatéria (JOFRE-
MONSENY et al., 2008; MIYATA; SMITH, 1996; EGENSPERGER et al., 1998). Rueter,
Rimbach e Huebbe (2022) inclusive descreveram que as isoformas da apoE exibem diferentes
efeitos na cadeia respiratdria mitocondrial e na dindmica mitocondrial. A apolipoproteina E
ajuda a transportar o colesterol para as células cerebrais (ORIA, 2004). Nos seres humanos, 0
cerebro é o segundo sitio de maior sintese de apoE, sendo produzida principalmente por
astrocitos e pela microglia (BOYLES et al., 1985). A apoE é codificada pelo gene APOE
compreendendo trés variantes alélicas comuns, E2, E3 e E4 (UTERMANN et al., 1977; ORIA,
2004). O gene APOE é composto por quatro éxons distribuidos ao longo de 6.740 nucleotideos
no genoma humano e esté localizado no brago longo do cromossomo 19 (19913.2) (OLAISEN;
TEISBERG.; GEDDE-DAHL,1982). O alelo E3 € o alelo mais representado com frequéncia
média mundial aproximadamente de 78%, enquanto as frequéncias médias de E4 e E2,
respectivamente, em todas as etnias é aproximadamente de 14% e 8% (CORBO; SCACCHI,
1999; SINGH; SINGH; MASTANA, 2006). Estudo prévio na populagdo brasileira também
demonstrou que o alelo E3 foi o mais frequente (72%) (MENDES-LANA et al., 2007). As
isoformas protéicas produzidas por esses alelos diferem na composi¢do de aminoacidos nas
posicBes 112 e/ou 158: a isoforma E2 possui 0 aminoacido cisteina nessas duas posicoes, a
isoforma E3 possui a cisteina na posi¢do 112 e a arginina na posicao 158, enquanto a isoforma
E4 possui argininas nas duas posigdes (WEISGRABER; RALL; MAHLEY, 1981).

Com relacédo a pesquisa do polimorfismo do gene APOE em pacientes com COVID-
19, um estudo desenvolvido no Reino Unido relacionou quadros de COVID-19 mais graves a
presenca do alelo E4 do gene APOE. Os autores desse estudo questionaram se tal associagéo se
deve ao fato do gene APOE ser um dos genes mais expressados conjuntamente a enzima
conversora de angiotensina 2 (ECA-2) nas células alveolares dos pulmdes (KUO et al., 2020).
Posteriormente, outro estudo examinou 249 voluntarios com idade média de 49 anos e

demonstrou o papel protetor do alelo E2 contra quadros clinicos mais graves de COVID-19



20

(ESPINOSA-SALINAS et al., 2022). Do mesmo modo, Zhang et al.,(2023), avaliaram 142
pacientes com COVID-19 e verificaram que os portadores de APOE E4 apresentaram fatores
inflamatdrios elevados. Os autores examinaram citocinas séricas coletadas de pacientes com
COVID-19 ainda durante a hospitalizacdo e observaram niveis aumentados de citocinas pro-
inflamatorias, incluindo IL (interleucina)-1a, IL-1p e TNF (fator de necrose tumoral) (ZHANG
et al., 2022). J& Wang et al., (2021) demonstraram que a infeccdo por SARS-CoV-2 ativa
preferencialmente astrocitos, promove maior reducdo do comprimento de neuritos e causam um
maior efeito citopatogénico nestas células, aléem de induzir maior morte de astrocitos portadores
do alelo E4 em comparacgéo aos portadores de E3. Em outro estudo, Zorkina et al., (2022) ndo
encontraram influéncia do status soroldgico de base para COVID-19 e o polimorfismo do gene
APOE sobre a reabilitacdo cognitiva em uma amostra de individuos acima de 65 anos aferida
através da mudanca dos escores do miniexame do estado mental (MEEM). Essa associacao é
significativa, pois 0 mesmo alelo confere maior risco de doenca de Alzheimer (DA) esporédica
(POIRIER, 1996). O mecanismo pelo qual decorre tal risco pode envolver uma maior producéo
da proteina B-amiloide (AP), sendo este depdsito mais severo na presenga da isoforma E4,
conforme demonstrado em estudos com camundongos transgénicos para o gene, além da
auséncia de apoE reduzir o deposito de B-amildide (HUANG et al., 2017; BALES et al., 1997).
Além disso, um estudo anterior demonstrou que os polimorfismos de nucleotideo tnico (SNPs)
rs429358 e rs7412 do gene APOE estdo associados ao infarto cerebral isquémico, o que é
essencial dada a contribuicdo das doencas cerebrovasculares na fisiopatologia de muitos casos
de deméncia (WU et al., 2020; PENDLEBURY; ROTHWELL, 2019). Até onde sabemos,
apenas uma publicacdo do nosso grupo avaliou as manifestagcdes cognitivas ap6s a COVID-19
e as correlacionou com polimorfismos do gene APOE (TAVARES-JUNIOR et al., 2022a).

1.4 Pergunta de partida

“O polimorfismo do gene APOE esta relacionado as manifestacdes cognitivas em

pacientes com Covid longa?”
1.5 Hipdteses
Postulamos que o alelo APOE E4 em pacientes com Covid longa pode associar-se

a maior frequéncia de manifestagdes cognitivas, como disfuncdo executiva, déficits de atengao

e de memdria episodica.
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2 OBJETIVOS

2.1 Objetivo Geral

Determinar a prevaléncia de queixas cognitivas numa amostra ambulatorial
brasileira de individuos que apresentaram infeccdo recente por SARS-COV2 com e sem doenga
neuroldgica prévia e determinar a relacdo dessas queixas com o polimorfismo APOE

encontrado.

2.2 Objetivos Especificos

Avaliar e comparar sintomas cognitivos e comportamentais de pacientes com
infecgdo por SARS-CoV-2 com outros sintomas neurolgicos.

Avaliar a associacdo do comprometimento cognitivo com a presenca do
polimorfismo encontrado no gene APOE.

Determinar a relacdo entre hospitalizacdo e a presenca de sintomas cognitivos e
comportamentais.

Determinar o subtipo de comprometimento cognitivo encontrado [Declinio
cognitivo subjetivo (DCS), Comprometimento cognitivo leve (CCL) ou deméncia].

Determinar, nos pacientes com comprometimento cognitivo, 0s dominios
cognitivos (atencdo, funcBes executivas, memoria, linguagem, fungdes visuoespaciais) mais

afetados.
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3 MATERIAIS E METODOS

3.1 Participantes, tipo e local do estudo

Este estudo transversal foi realizado com pacientes com COVID-19, atendidos
ambulatorialmente em Fortaleza, recrutados a partir de julho de 2020 até abril de 2022, portanto
englobando pacientes infectados nas primeira, segunda e terceira ondas da pandemia no Ceara.
O recrutamento dos pacientes foi realizado através de chamadas em redes sociais e em meios
de comunicagdo (como radio e televisdo). Para os pacientes interessados em participar da
pesquisa, foi disponibilizado um contato de whatsapp para realizar o agendamento das
consultas. Foram incluidos pacientes com diagnostico de COVID-19 confirmado nos ultimos
doze meses por reacdo em cadeia da polimerase (PCR) de swab nasal ou teste soroldgico, com
qualquer sintoma neuroldgico que persistisse por mais de trés meses desde o inicio. As
avaliacdes ocorreram no ambulatério de neurologia do Hospital Universitario Walter Cantidio
(HUWC) da Universidade Federal do Ceard (UFC). Segue abaixo o diagrama de fluxo dos
participantes (figura 1).

Figura 1 — Diagrama de fluxo dos participantes.

241 participantes triados

e 22 excluidos:
10 sem sintomas neurologicos;
10 sem testes confirmatorios
> 02 ndo responderam as baterias
aplicadas

v

219 foram incluidos na

analise final

Fonte: elaboragdo propria, 2023.

A avaliagéo clinica dos pacientes foi realizada por dois neurologistas (JWLT-J,
DON). A mesma ficha de avaliacéo clinica e identificacdo foi aplicada a todos os pacientes
(APENDICE B). Foram questionados idade, sexo, escolaridade, sintomas neurolégicos iniciais,
internacdo, tipo de teste para COVID-19, exames complementares, comorbidades e historia de
etilismo e tabagismo. Além disso, a escala de dispneia do Medical Research Council (MRC)
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foi aplicada para avaliar a dispneia antes e ap6s a COVID-19 (KOVELIS et al., 2008).

3.2 Avaliacéo clinica, sociodemograéfica e cognitiva

A COVID-19, durante a fase aguda, pode cursar com gravidade clinica variavel,
variando de quadros assintomaticos, leves, moderados, graves e criticos. Os quadros leves, por
exemplo, sdo assim definidos naqueles pacientes com sintomas relacionados a COVID-19,
porém sem dispnéia ou necessidade de oxigénio (WIERSINGA et al., 2020). Utilizamos como
definicdo de Covid longa a continuag¢do ou desenvolvimento de novos sintomas 3 meses apos
a infeccdo inicial por SARS-CoV-2, segundo definicdo da Organizacdo Mundial de Saude
(WHO, 2022).

Foram aplicadas baterias cognitivas, funcionais e de manifestacGes psiquiatricas
validadas para a lingua portuguesa. Para a avaliacdo cognitiva, foram aplicadas as baterias
Addenbrooke cognitive examination-revised (ACE-R) (ANEXO A), Miniexame do estado
mental (MEEM) (ANEXO B) e fluéncia verbal semantica e fonémica, todos presentes na ACE-
R. Além delas, foi aplicada a Prospective and Retrospective Memory Questionnaire's (PRMQ-
10) (ANEXO C) para avaliar a memoria retrospectivamente dos pacientes sem avaliacOes
prévias (BENITES; GOMES, 2007).

A escala de Addenbrooke (versdo revisada), validada para o Brasil, ¢ um
instrumento de facil aplicacdo, com duracdo de 15-20 minutos, composto por 6 subdominios —
atencdo, orientacdo, memdria, fluéncia verbal, linguagem e habilidades visuo-espaciais
(AMARAL-CARVALHO; CARAMELLLI, 2012). J4 o MEEM foi elaborado por Folstein,
Folstein e Mchugh em 1975. Trata-se de um dos testes mais utilizados no mundo, permitindo o
rastreio de quadros demenciais. Avalia 0s seguintes dominios cognitivos: orientacdo, atencao,
memoria, linguagem e habilidade visual-espacial. Possui pontuacdo maxima de 30 pontos e
duracdo média de aplicacdo de 10 minutos (FOLSTEIN; FOLSTEIN; MCHUGH, 1975). O
teste da fluéncia verbal é pratico e rapido, sendo capaz de avaliar funcdes executivas e memoria
seméantica. O teste é realizado através da geracdo de palavras em 1 minuto, por meio de
categorias semanticas (animais, por exemplo) ou fonémicas (palavras iniciadas com
determinada letra) (BRUCKI et al., 1997).

Avaliacéo da autonomia para tarefas da vida diaria foi feita através do questionario
de Pfeffer (ANEXO D). Elaborada por Pfeffer et al., (1982) é composta por 10 itens,
evidenciando a funcionalidade por meio do grau de independéncia para realizacdo das

atividades instrumentais de vida diaria. Apresenta pontuacdo maxima de 30 e, quanto maior a
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pontuacdo, maior a dependéncia. No Brasil, estudo de validagdo de 2014 demonstrou prejuizo
funcional a partir de um escore de 3 (DUTRA, 2014; PFEFFER et al., 1982).

O uso de escalas de avaliacdo psiquiatrica nos quadros cognitivos é de extrema
importancia, uma vez que a depressdo € diagnostico diferencial de deméncia e
comprometimento cognitivo leve (CCL), além dos sintomas depressivos serem prevalentes nos
quadros cognitivos (OWNBY et al., 2006). A escala de depressao geriatrica (GDS) (ANEXO
E) foi aplicada para os individuos idosos com esse objetivo, possui ponto de corte de 3, foi
desenvolvida em 1982 por Yesavage et al., (1982) e validada no Brasil em 1999 por Almeida
e Almeida (1999). O inventério de depresséo de Beck (ANEXO F) foi aplicado aos individuos
abaixo de 65 anos, possuindo ponto de corte de 10 (GOMES-OLIVEIRA et al., 2012; BECK;
STEER; BROWN, 1996).

Por altimo, a escala Clinical Dementia Rating (CDR) (ANEXO G) foi desenvolvida
em 1982 como um instrumento para classificar pacientes com queixas cognitivas em normais,
deméncia questionavel, deméncia leve, moderada ou grave (respectivamente, CDR 0, CDR 0,5,
CDR 1, CDR 2 e CDR 3) (HUGHES et al., 1982). O CDR avalia a repercussao dos deficits
cognitivos no desempenho das atividades de vida diaria. A pontuacédo é dada para cada uma das
seis categorias avaliadas: memdria, orientacao, julgamento ou solugdo de problemas, relaces
comunitérias, atividades no lar ou de lazer e cuidados pessoais, e a categoria memoria possui
um peso maior que as outras (MORRIS, 1993). Os individuos sdo comparados ao seu proprio
desempenho no passado e foi validada no Brasil em 2005 (BEATRIZ; MONTANO; RAMOS,
2005).

Os valores de 58, 76 e 83 foram utilizados como ponto de corte para 0 ACE-R
respectivamente para <4, 4-8 e >8 anos de escolaridade (TAVARES JUNIOR, 2020; CESAR
etal., 2017). Para 0o MEEM, os pontos de corte de 19 e 24, respectivamente para O e até 4 anos
de escolaridade (HERRERA JR, 2002; BRUCKI et al., 2003). Além disso, foram definidos
como saudaveis se CDR = 0 e déficit cognitivo se CDR = 0,5 (HUGHES et al., 1982).
Comprometimento funcional foi definido a partir de uma pontuacgdo de 5 no Escala de Pfeffer
(DUTRA, 2014). Em relacdo a avaliagdo psiquidtrica, utilizou-se um ponto de corte de 5 na
GDS e dez no inventario de Beck para diagndstico de depressdo (ALMEIDA; ALMEIDA, 1999;
BENITES, GOMES, 2007).

Deméncia foi definida naqueles pacientes com comprometimento cognitivo
confirmado objetivamente associado a prejuizo funcional (PETERSEN, 2004). O
comprometimento cognitivo leve (CCL) foi definido, neste estudo, quando houve uma queixa

cognitiva confirmada por testes de triagem sem comprometimento funcional (PETERSEN,
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2004). Pacientes com queixas cognitivas sem comprometimento objetivo nos testes de triagem
realizados foram caracterizados como Declinio Cognitivo Subjetivo (DCS) (JESSEN et al.,
2014). Além disso, agrupamos os pacientes com DCS, CCL e deméncia sob a termo geral
declinio cognitivo (DC) para efetuarmos comparacdes com 0s pacientes sem queixas
cognitivas, 0s quais denominamos normais. Por ultimo, agrupamos os pacientes com CCL e
deméncia sob o termo geral comprometimento cognitivo (CC) para efetuarmos comparagoes
com 0s pacientes sem comprometimento cognitivo, os quais foram denominados sem
comprometimento cognitivo. Nao foi aplicada nenhuma escala de avaliacdo para ansiedade,
porém os pacientes foram questionados de forma subjetiva quanto a presenca persistente de
sintomas de ansiedade apés a COVID-19.

Foi elaborada e aplicada para todos a mesma ficha de avaliacdo clinica e
identificacdo (APENDICE B). Definiram-se os anos de escolaridade formal pela informacéo
fornecida pelos pacientes ou cuidadores. A presenca de sintomas pés-Covid, como cefaleia,
queixas de olfato, queixas cognitivas e disturbios do sono foram questionadas diretamente aos
pacientes. No caso especifico da queixa de olfato, esta foi ainda confirmada objetivamente por

exame olfativo simples, utilizando-se café como odor teste em ambas as narinas.

3.3 Analise de genotipagem APOE

Para os pacientes que concordaram, foram coletados tubos extras de amostras de
sangue periférico para analise genética e pesquisa do polimorfismo do gene APOE, os quais
foram ainda armazenados no biorrepositdrio aprovado no Comité de Etica em Pesquisa (CEP),
sob o parecer no 4.024.941 localizado no Laboratério de Farmacogenética do Ndcleo de
Pesquisa e Desenvolvimento de Medicamentos (NPDM).

A apolipoproteina E (apoE) é uma proteina plasmatica envolvida no transporte de
colesterol e outras moléculas hidrofébicas. E codificada por um gene localizado no
cromossomo 19, o qual possui trés alelos comuns, E2, E3 e E4, responsaveis por codificar as
isoformas E2, E3 e E4 do gene APOE. A heranca dos genes APOE resulta em seis gendtipos e
fenotipos, trés homozigotos e trés heterozigotos. O alelo E4 representa um fator de risco para a
doenca de Alzheimer (DA) esporadica ou familiar de inicio ap6s os 65 anos, com 0 risco
diretamente proporcional ao nimero de alelos E4 (POIRIER, 1996).

Definimos como APOE E2 ou apenas E2 os participantes portadores deste alelo, o
mesmo para APOE E3 ou E3 e APOE E4 ou E4. Ainda definimos com APOE E2/E2 ou apenas
E2/E2 os participantes com este genotipo, o0 mesmo valendo para E2/E3, E2/E4, E3/E3, E3/E4
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e E4/E4.

A metodologia para estabelecer o polimorfismo APOE € a genotipagem. A técnica
utiliza um PCR sobre o &cido desoxirribonucleico (DNA) genémico isolado do sangue
periférico do paciente. A avaliacdo do polimorfismo do gene APOE néo esta recomendada no
uso rotineiro na pratica clinica, apenas para fins de pesquisa (CALERO et al., 2018).

O sangue foi coletado por técnico na Unidade de Pesquisas Clinicas (UPC) da UFC
mediante prévia autorizacdo do paciente. Foram coletados 10 mL de sangue total com &cido
etilenodiaminotetracético (EDTA). A amostra tem estabilidade de 48 horas apds a coleta se
mantida sob refrigeracdo. Apds a coleta, a amostra, sob refrigeracdo com gelo recicléavel, foi
transportada ao NPDM para a analise.

De acordo com as instrucdes do fabricante, as amostras de sangue do paciente foram
coletadas em tubos de EDTA e, posteriormente, 0 DNA genémico foi extraido de leucdcitos do
sangue periférico com 0 PureLink™ Genomic DNA Mini Kit® comercial (Invitrogen)
(THERMO FISHER SCIENTIFIC, 2022a). Os gen6tipos de APOE foram determinados por
reacdo em PCR utilizando o sistema de discriminacdo alélica TagMan® (TagMan® SNP
Genotyping Assay, ThermoFisher®) (THERMO FISHER SCIENTIFIC, 2022b). Para isso,
foram utilizadas sondas de acordo com as sequéncias fornecidas pelo fabricante:
C__ 3084793 20 (rs429358) e C__ 904973 10 (rs7412), observando as informacOes
contidas no cédigo de catalogo: 4351379 e protocolos semelhantes descritos na literatura para
a realizacdo da técnica. Todas as analises foram realizadas na plataforma de PCR em tempo
real QuantStudio® (Applied Biosystems®, Foster City, CA, USA) (THERMO FISHER
SCIENTIFIC, 2022a; 2022bh, KOCH et al., 2002).

3.4 Analise estatistica

Os dados categoricos foram expressos como contagens absolutas e porcentagens.
Foram utilizados o teste do qui-quadrado e o teste exato de Fisher para avaliar a associacdo
entre os dados categdricos. Os dados continuos foram avaliados quanto a distribui¢cdo normal
usando o teste de Kolmogorov-Smirnov, andlise da curtose, histogramas e graficos Q-Q
(CONOVER, 1999).

Os dados normais foram expressos como média £ desvio padrdo, e 0s ndo normais,
como mediana e intervalo interquartil. Os dados continuos foram comparados entre 4 grupos
de acordo com o a classificagdo do comprometimento cognitivo (normal versus declinio

cognitivo subjetivo versus comprometimento cognitivo leve versus deméncia). Os dados
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continuos foram ainda comparados entre 2 grupos (declinio cognitivo versus normal; e
comprometimento cognitivo versus sem comprometimento cognitivo). Para comparacdes de
dados continuos entre 2 grupos foi usado o teste t de Student ou teste de Mann-Whitney,
conforme normalidade dos dados. Quando a comparacéo foi entre 3 ou mais grupos de acordo
com comprometimento cognitivo, foi usado o teste ANOVA com poés-teste de Tukey em dados
normais, e para ndo-normais foi usado o teste de Kruskal-Wallis com pos-teste de Dunn
(AKRITAS, 1999). Os dados foram analisados no software SPSS para Macintosh, versédo 23
(Armonk, NY: IBM Corp.) Valores de p<0,05 foram considerados estatisticamente

significativos.

3.5 Aspectos Eticos

Este estudo esta em conformidade com os principios éticos da Declaracdo de
Helsinki. O CEP do Hospital Universitario Walter Cantidio aprovou o projeto de estudo sob o
nimero 4.092.933. Todos 0s pacientes assinaram o Termo de Consentimento Livre e
Esclarecido (TCLE) (APENDICE A), com direito & privacidade e confidencialidade das
informacdes obtidas, podendo recusar-se a participar das atividades e questionamentos
propostos.
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4 RESULTADOS

Foram triados 241 individuos, dos quais 22 foram excluidos (10 por néo
apresentarem sintomas neuroldgicos, 10 por ndo terem testado positivo para COVID-19 por
meio de exames e 2 por ndo terem conseguido submeter-se a aplicacdo das baterias). O nimero
final de pacientes incluidos neste estudo foi de 219, e todas as analises seguintes foram
realizadas em relacdo a eles. Os pacientes foram avaliados, em média, 4,5 meses ap0s a
COVID-19.

A Tabela 1 apresenta um resumo descritivo das caracteristicas dos pacientes. Houve
predominio do sexo feminino (64,8%). A média de idade foi de 46,4 anos (DP=14,5), com a
maioria dos pacientes com escolaridade > 8 anos (80,4%). A maioria dos pacientes nao foi
internada na fase aguda da doenca (74,9%), e uma minoria apresentou quadro clinico grave com
necessidade de internagdo em UTI (5,4%). 143 pacientes (65,3%) tiveram como queixa
principal os sintomas de comprometimento da memoria. No entanto tal queixa foi confirmada
objetivamente por meio de exames de triagem em 36 pacientes (16,4%). Nesses pacientes com
déficit cognitivo, detectamos nova deméncia ou deméncia anterior deteriorada em 4,9% da
amostra total, com uma idade média de 69,8 anos nesses pacientes com deméncia. 38 pacientes
(17,1%) apresentaram depressdo, 6 diagnosticados utilizando a GDS e 32 utilizando o
inventario de Beck, bem como 57 (25,7%) apresentaram sintomas ansiosos persistentes.

Tabela 1 — Caracteristicas sociodemograficas e clinicas da amostra, sintomas pds-Covid e status

cognitivo pds-Covid.

Dados sociodemograficos e clinicos Gr(l:g)zl)o)tal
Dados sociodemogréaficos
Sexo
Feminino 142 (64,8)
Masculino 77 (35,2)
Idade, anos 46,4 £ 145
Faixa etaria
<50 anos 130 (59,4)
50 a 65 anos 67 (30,6)
> 65 anos 22 (10)

Escolaridade em anos
0 a4 anos 16 (7,3)



5a 8 anos
9 anos ou mais
Hospitalizagdo
Nao
Sim
Dados clinicos — sintomas pds-COVID
Anosmia
Nao
Sim
Alteracéo de sono
Nao
Sim
Depresséo
Nao
Sim
Sintomas ansiosos
Nao
Sim
Cefaleia
Nao
Sim

Formas de comprometimento Cognitivo

Deméncia
CCL
DCS
Normal
Declinio Cognitivo (DC) x Normal
Normal
Declinio Cognitivo (DC)

Comprometimento cognitivo (CC) x Sem comprometimento

Cognitivo
Sem comprometimento Cognitivo
Comprometimento Cognitivo (CC)

27 (12,3)
176 (80,4)

164 (74,9)
55 (25,1)

154 (70,3)
65 (29,7)

155 (71)
64 (29)

181 (82,6)
38 (17,4)

162 (74)
57 (26)

150 (68,5)
69 (31,5)

11 (5)
25 (11,4)
107 (48,9)
76 (34,7)

76 (34,7)
143 (65,3)

183 (83,6)
36 (16,4)
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Dados continuos expressos como média + desvio padrdo. Dados categ6ricos expressos como contagem absoluta e
porcentagens entre paréntesis. CCL: Comprometimento cognitivo leve; DCS: Declinio cognitivo subjetivo. Fonte:

Elaboracéo propria, 2023.

A Tabela 2 comparou as caracteristicas sociodemograficas, clinicas e sintomas pos-

Covid entre os grupos com deméncia, CCL, DCS e normal. O grupo deméncia apresentou idade

média mais elevada em relagdo aos outros grupos (69,8 anos; p<0,001). A Tabela 3 comparou

as caracteristicas sociodemograficas, clinicas e sintomas pds-Covid entre 0S grupos com
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declinio cognitivo (DC) e normal. N&o houve diferenca entre os grupos com relacdo a
depressdo. O grupo declinio cognitivo apresentou maior frequéncia de sintomas ansiosos em
comparagédo ao grupo normal (30,8 vs 17,1%, respectivamente, p=0,028). O grupo DC também
apresentou maior frequéncia de disturbios do sono em relacéo ao grupo normal (35,7 vs 17,1%,
respectivamente, p=0,004). N&o houve diferenga significativa quanto ao estado cognitivo dos
pacientes em relacdo a escolaridade ou hospitalizagdo. O grupo declinio cognitivo apresentou
idade mais elevada em comparacdo com o grupo normal (48 vs 43 anos, p<0,001). A Tabela 4
comparou as caracteristicas sociodemograficas, clinicas e sintomas pos-Covid entre 0s grupos

com comprometimento cognitivo (CC) e sem comprometimento cognitivo.

Tabela 2 — Comparacdo das caracteristicas sociodemogréficas, clinicas e sintomas p6s-Covid

de acordo com status cognitivo.

g)iciic?gemogréficos o Normal  Demeéncia DCS CCL *
P (n=76) (n=11) (n=107) (n=25)

clinicos

Sexo 0,197

Feminino 45 (59,2) 5 (45,5) 76 (71) 16 (64)

Masculino 31 (40,8) 6 (54,5) 31 (29) 9 (36)

Idade, anos 432+14,2 69,8+128 453+12,7 50,3+13,8 <0,001#

Faixa etaria <0,001

<50 anos 54 (71,1) 1(9,1) 63 (58,9) 12 (48)

50 a 65 anos 16 (21,1) 2 (18,2) 38 (35,5) 11 (44)

> 65 anos 6 (7,9) 8 (72,7) 6 (5,6) 2 (8)

Escolaridade em anos <0,001

0 a4 anos 6 (7,9) 5 (45,5) 5(4,7) 0 (0)

5a 8 anos 9(11,8) 3(27,3) 9(8,4) 6 (24)

9 anos ou mais 61 (80,3) 3(27,3) 93 (86,9) 19 (76)

Hospitalizagdo <0,001

Né&o 60 (78,9) 4 (36,4) 88 (82,2) 12 (48)

Sim 16 (21,1) 7 (63,6) 19 (17,8) 13 (52)

Sintomas p6s-COVID

Anosmia 0,018

Né&o 49 (64,5) 11 (100) 72 (67,3) 22 (88)

Sim 27 (35,5) 0(0) 35(32,7) 3(12)

Alteracéo de sono 0,001

Né&o 63 (82,9) 11 (100) 67 (62,6) 14 (56)

Sim 13 (17,1) 0 (0) 40 (37,4) 11 (44)

Depressao 0,089

Né&o 66 (86,8) 11 (100) 84 (78,5) 20 (80)

Sim 10 (13,2) 0 (0) 23(215)  5(20)



Sintomas ansiosos
Nao

Sim

Cefaleia

Nao

Sim

72 (67,3)
35 (32,7)

69 (64,5)
38 (35,5)

17 (68)

8 (32)

15 (60)
10 (40)
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0,052

0,065

Dados continuos expressos como média + desvio padrdo. Dados categdricos expressos como contagem absoluta e

porcentagens entre paréntesis.

*Utilizou-se teste qui-quadrado para os dados categéricos e o teste de ANOVA com pos-teste de Tukey para a

idade. # p<0,05 entre o grupo “Deméncia” vs demais grupos.

DCS: Declinio cognitivo subjetivo; CCL: Comprometimento cognitivo leve. Fonte: Elaboracdo propria, 2023.

Tabela 3 — Comparacdo das caracteristicas sociodemogréficas, clinicas e sintomas p6s-Covid

entre os grupos normal e com declinio cognitivo (DC).

Normal

DC

Dados sociodemograficos e clinicos (n=76) (n=143) P
Sexo 0,090
Feminino 45 (59,2) 97 (67,8)

Masculino 31 (40,8) 46 (32,2)

Idade, anos 43+ 14 48 + 14 <0,001
Faixa etaria 0,035
<50 anos 54 (71,1) 76 (53,1)

50 a 65 anos 16 (21,1) 51 (35,7)

> 65 anos 6 (7,9) 16 (11,2)
Escolaridade em anos 0,962
0 a4 anos 6 (7,9) 10 (7)

5 a 8 anos 9(11,8) 18 (12,6)

9 anos ou mais 61 (80,3) 115 (80,4)
Hospitalizagdo 0,312

Nao 60 (78,9) 104 (72,7)

Sim 16 (21,1) 39 (27,3)
SINTOMAS POS-COVID

Anosmia 0,167
Nao 49 (64,5) 105 (73,4)

Sim 27 (35,5) 38 (26,6)

Alteracéo de sono 0,004

Nao 63 (82,9) 92 (64,3)

Sim 13 (17,1) 51 (35,7)

Depressao 0,232

Nao 66 (86,8) 115 (80,4)
Sim 10 (13,2) 28 (19,6)
Sintomas ansiosos 0,028

Nao 63 (82,9) 99 (69,2)



Sim 13 (17,1) 44 (30,8)
Cefaleia

Nao 55 (72,4) 95 (66,4)
Sim 21 (27,6) 48 (33,6)

0,368

32

Dados continuos expressos como média + desvio padrdo. Dados categdricos expressos como

contagem absoluta e porcentagens entre paréntesis.
*Utilizou-se teste qui-quadrado para os dados categéricos e o teste t de Student para a idade.
DC: Declinio cognitivo. Fonte: Elaboracdo propria, 2023.

Tabela 4 — Comparacéo das caracteristicas sociodemograficas, clinicas e sintomas pds-Covid

nos grupos sem e com comprometimento cognitivo (CC).

Sem
Dados sociodemograficos e clinicos comprometimento CC (n=36) p*
Cognitivo (n=183)
Sexo 0,371
Feminino 121 (66,1) 21 (58,3)
Masculino 62 (33,9) 15 (41,7)
Idade, anos 44,4 + 13,4 56,3+ 16,1
Faixa etaria <0,001
<50 anos 117 (63,9) 13 (36,1)
50 a 65 anos 54 (29,5) 13 (36,1)
> 65 anos 12 (6,6) 10 (27,8)
Escolaridade em anos 0,012
0 a4 anos 11 (6) 5(13,9)
5 a 8 anos 18 (9,8) 9 (25)
9 anos ou mais 154 (84,2) 22 (61,1)
Hospitalizagdo <0,001
Né&o 148 (80,9) 16 (44,4)
Sim 35 (19,1) 20 (55,6)
SINTOMAS POS-COVID
Anosmia 0,002
Né&o 121 (66,1) 33(91,7)
Sim 62 (33,9) 3(8,3)
Alteracéo de sono 0,848
Né&o 130 (71) 25 (69,4)
Sim 53 (29) 11 (30,6)
Depressao 0,548
Né&o 150 (82) 31 (86,1)
Sim 33 (18) 5(13,9)
Sintomas ansiosos 0,878
Né&o 135 (73,8) 27 (75)
Sim 48 (26,2) 9 (25)
Cefaleia 0,598
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Nao 124 (67,8) 26 (72,2)
Sim 59 (32,2) 10 (27,8)
Dados continuos expressos como média + desvio padrdo. Dados categdricos expressos como contagem absoluta e

porcentagens entre paréntesis.
*Utilizou-se teste qui-quadrado para os dados categéricos e o teste t de Student para a idade.

CC: Comprometimento cognitivo. Fonte: Elaboragdo prdpria, 2023.

A tabela 5 apresenta as pontuacdes dos testes aplicados na amostra total. Em relacao
a comparacdo dos escores dos testes aplicados entre os grupos com deméncia, CCL, DCS e
normal, o grupo deméncia apresentou piores escores no MEEM, ACE-R total e em todos 0s
subitens, além de maiores escores na Pfeffer e CDR (Tabela 6 e figura 2). A tabela 7 apresenta
a comparacdo das pontuacOes dos testes aplicados entre os grupos normal e com declinio
cognitivo, sem diferenca entre os grupos. A tabela 8 apresenta a comparacdo das pontuacdes
dos testes aplicados entre 0s grupos com e sem comprometimento cognitivo (CC). O grupo CC
apresentou menores pontuagdes de MEEM, ACE-R total e subitens da ACE-R. Em relagdo a
comparacao das pontuac6es dos testes aplicados no grupo total de acordo com a faixa etaria dos
pacientes (<50 anos, entre 50-65 anos e > 65 anos), 0s pacientes com > 65 anos apresentaram
menores escores, com relacdo aos demais grupos, de MEEM, ACE-R total e de todos os
subitens, exceto para habilidade visuoespacial, na qual houve menores escores nos grupos 50-
65 anos e > 65 anos em relacéo ao grupo < 50 anos. (Tabela 9). Em relacdo a comparacédo das
pontuacdes dos testes aplicados no grupo total de acordo com a escolaridade (<4 anos, entre 5-
8 anos e > 8 anos), 0s pacientes com <4 anos apresentaram 0s menores escores de MEEM e
ACE-R total, e os pacientes com >8 anos de escolaridade, os maiores escores (Tabela 10).

Tabela 5 - Pontuacgdes dos testes aplicados no grupo total

Escores testes aplicados Grupo total (n=219)
PFEFFER mediana (min — max) 0 (0-30)
Escala de Beck (AIQ) 0(0-11)

GDS (AIQ) 3(0-5)

CDR, mediana (min — max) 0(0-3)
PRMQ, media + DP 7+4
MEEM, média + DP 26,6 +6,1
ACE-R, média = DP 80,2 + 20,6
Orientacdo/Atencdo, média = DP 16,1+ 3,8

Memoria, média + DP 18,7+ 6,1
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Fluéncia Verbal, média + DP 95+34
Linguagem, media + DP 22,859
Habilidade visuo-espacial, média + DP 13,214

AIQ: amplitude interquartil. DP: desvio padréo.

GDS: Escala de depressdo geriatrica ; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective
Memory Questionnaire's; MEEM: Miniexame do estado mental; ACE-R: Addenbrooke’s Cognitive Examination
— Revised. Fonte: Elaboragéo propria, 2023.

Tabela 6 — Comparacdo das pontuacOes dos testes aplicados em relagdo ao status cognitivo

Normal Deméncia DCS

(n=76) (n=11) (n=107) CCL (n=25) p*

PFEFFER mediana (min — max) 0(0-7) 29(0-30) 0(0-26) 0(0-3) <0,0014

Escala de Beck (AIQ) 0(0-6) 0(0-0 2(0-12) 0(0-13) 0,067
GDS (AIQ) 35(1-55) 2(1-5) 3(0-5 45(15-85) 0,807
CDR, mediana (min — max) 0(0-0) 3(0-3) 0(0-0) 0(0-1) <0,0014
PRMQ, média + DP 6+3 13+8 7+3 714 <0,001%
MEEM, média + DP 26,8+6,6 152+6,7 27,7+49 262+24 <0,0014
ACE-R, média + DP 81,6+215 36,7+20,1 858+16 71,5+6 <0,00148
Orientacao/Atencdo, média+ DP  16,2+4,1 86+45 168+3,1 16,2+ 2 <0,0014
Memoéria, média + DP 196+63 92+73 201+47 141+39  <0,001¢P
Fluéncia Verbal, média + DP 9,7+33 32+3 104+29 78%25 <0,001 AP
Linguagem, média + DP 229+6,1 108+86 241+45 222+25 <0,0014

Habilidade visuo-espacial, média

op 134+42 49+36 141+31 124+22 <0,0014
+

AIQ: amplitude interquartil. DP: desvio padrdo. DCS: Declinio cognitivo subjetivo; CCL: Comprometimento cognitivo
leve.

*Utilizou-se o teste de ANOVA com poés-teste de Tukey para médias e o teste de Kruskal-Wallis com comparacGes
multiplas para medianas.

A: p<0,05 entre: “Deméncia” vs demais grupos. B: CCL vs DCS. C: “Deméncia” vs DCL e normal. D: CCL vs DCS ¢
normal.

GDS: Escala de depresséo geriatrica ; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective Memory
Questionnaire's; MEEM: Miniexame do estado mental; ACE-R: Addenbrooke’s Cognitive Examination — Revised. Fonte:
Elaboracéo prépria, 2023.

Figura 2. Comparagdes das pontuacgdes dos testes aplicados entre os grupos de pacientes em
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relagdo ao status cognitivo. ACE-R total e subitens. Graficos em barras representam média e as
barras de erro representam o desvio padréo.
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Tabela 7 — Comparagdo das pontuacbes dos testes aplicados entre pacientes normais e com

declinio cognitivo

Normal

(n=76) DC (n=143) p
PFEFFER mediana (min — max) 0(-7) 0 (0-30) 0,144
Escala de Beck (AIQ) 0(0-6) 2(0-12) 0,048
GDS (AIQ) 35(1-5)5) 3(0-5) 0,790
CDR, mediana (min — max) 0(0-0) 0(0-3) 0,013
PRMQ, média + DP 6+3 714 0,084
MEEM, média + DP 26,8+ 6,6 26,5+5,8 0,69
ACE-R, média + DP 81,6+215 79,5 £ 20,2 0,465
Orient/Atenc¢do, média £ DP 16,2+4,1 16,1 + 3,7 0,855
Memoria, média + DP 19,6 £6,3 18,2+5)9 0,106
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Fluéncia Verbal, média £ DP 9,7+33 94+35 0,593
Linguagem, média + DP 229+6,1 22,8 +5,8 0,868
Habilidade Visuo-espacial, média+ DP 13,4 +4,2 13,1+39 0,626

*Utilizou-se teste t de Student para comparagdes de médias, e o de Mann-Whitney para comparagédo das medianas.
AIQ: amplitude interquartil. DP: desvio padrdo. DC: Declinio Cognitivo.

GDS: Escala de depressdo geriatrica ; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective
Memory Questionnaire's; MEEM: Miniexame do estado mental; ACE-R: Addenbrooke”s Cognitive Examination
— Revised. Fonte: Elaboracdo propria, 2023.

Tabela 8 — Comparacdo das pontuacdes dos testes aplicados entre pacientes com e sem
comprometimento cognitivo.

Sem

comprometimento CC (n=36) p*

cognitivo (n=183)
PFEFFER mediana (min — méax) 0(0-26) 0(0-30) <0,001
Escala de Beck (AIQ) 0(0-11) 0(0-12) 0,785
GDS (AIQ) 3(0-5) 3(1-6) 0,69
CDR, mediana (min — max) 0(0-0) 0(0-3) <0,001
PRMQ, média + DP 6+3 9+6 0,033
MEEM, média + DP 27,457 22,9+6,6 <0,001
ACE-R, média £ DP 84,1 +18,5 60,9 + 20,1 <0,001
Orientacdo/Atencdo, média £ DP 16,6 + 3,5 13,9+4,6 <0,001
Memdria, média = DP 199+5/4 12,6 £5,6 <0,001
Fluéncia Verbal, média £ DP 10,1+£3,1 6,4+ 3,4 <0,001
Linguagem, média + DP 23,6 +£5,2 18,7+ 7,3 <0,001
Habilidade Visuo-espacial, média £ DP 13,8+ 3,6 101+44 <0,001

*Utilizou-se teste t de Student para comparacfes de médias, e 0 de Mann-Whitney para comparacdo das medianas.
AIlQ: amplitude interquartil. DP: desvio padrdo. CC: Comprometimento cognitivo.

GDS: Escala de depressdo geriatrica ; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective
Memory Questionnaire's; MEEM: Miniexame do estado mental; ACE-R: Addenbrooke’s Cognitive Examination
— Revised. Fonte: Elaboragéo propria, 2023.

Figura 3. Comparacdes entre as pontuacdes dos testes aplicados entre pacientes com e sem
comprometimento cognitivo. ACE-R total e subitens. Graficos em barras representam media e barras de



erro representam o desvio padréo.
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Tabela 9 — Comparacédo das pontuagdes dos testes aplicados no grupo total de acordo com a faixa

etaria dos pacientes

Faixa etaria
< 50 anos 50 a 65 anos > 65 anos P
PFEFFER mediana (min — méax) 0(0-30) 0(0-20) 0(0-30) <0,0014
Escala de Beck (AIQ) 0(0-10) 2(0-12) 0(0-17) 0,801
GDS (AIQ) 0(0-0) 4 (0 - 6) 3(1-5) 0,455
CDR, mediana (min — méax) 0(0-0) 0(0-1) 0(0-3) <0,001 4
PRMQ, média + DP 7+3 6+2 10+8 <0,0014
MEEM, média + DP 279+4,1 26,3 + 6,4 20,3+10,1 <0,0014
ACE-R, média £ DP 84,9+14,2 79,7+ 20,9 54,4+31,1 <0,0014
Orientacao/Atencdo, média + DP 16,8 + 2,7 16,1+ 3,9 122+6,5 <0,001%
Memoria, média + DP 196 £5,1 19+57 123+85 <0,001%
Fluéncia Verbal, média £ DP 102+2)9 95+33 54+39 <0,001%
Linguagem, média + DP 24,1+38 22,6 +6,3 16+94  <0,0014
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Habilidade Visuo-espacial, média £

142+238
DP

129+4,4 86+5 <0,0018

AIQ: amplitude interquartil. DP: desvio padrao. *Utilizou-se o teste de ANOVA com pos-teste de Tukey para médias
e o teste de Kruskal-Wallis com comparac6es multiplas para medianas. A: p<0,05 entre: > 65 anos vs demais grupos;
B: p<0,05 entre: entre todos 0s grupos

GDS: Escala de depressdo geriatrica ; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective Memory
Questionnaire's; MEEM: Miniexame do estado mental; ACE-R: Addenbrooke’s Cognitive Examination — Revised.
Fonte: Elaboracéo propria, 2023.

Tabela 10 — Comparagéo das pontuagdes dos testes aplicados no grupo total de acordo com a

escolaridade dos pacientes

Escolaridade

0 a4 anos 5a8anos 9 anos ou mais P
PFEFFER mediana (min — méax) 0(0-30) 0(0-30) 0(0-29) <0,0014
Escala de Beck (AIQ) 7,5(0-12) 0(0-16) 0(0-11) 0,582
GDS (AIQ) 3(2-8) 0(0-2) 4(1-6) 0,057
CDR, mediana (min — méax) 0(0-3) 0(0-3) 0(0-3) <0,0018
PRMQ, média + DP 85 75 73 0,441
MEEM, média + DP 17,7+12,1 2457 27,7142 <0,001¢
ACE-R, média + DP 485+36,2 683+225 85+ 144 <0,001°¢
Orientacdo/Atencdo, média £ DP 10,3+ 7,7 15+42 16,8+ 2,6 <0,001°
Memoria, média + DP 116+97 151+6,1 19,9+4,9 <0,001°
Fluéncia Verbal, média + DP 51+43 74+34 10,2+29 <0,001°
Linguagem, média + DP 14,1 +10,3 20+ 7,4 24 +41 <0,001°
Habilidade Visuo-espacial, média £

7659 109+4,1 141+3,1 <0,001°¢

DP

AIQ: amplitude interquartil. DP: desvio padrdo. *Utilizou-se o teste de ANOVA com pds-teste de Tukey para médias e o teste
de Kruskal-Wallis com comparages multiplas para medianas. A: p<0,05 entre: 0 a 4 anos vs demais grupos; B: p<0,05 entre:
0 a 4 anos vs 9 anos ou mais; C: p<0,05 entre: entre todos os grupos; D: p<0,05 entre: 9 anos ou mais vs demais grupos.
GDS: Escala de depressdo geriatrica ; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective Memory
Questionnaire's; MEEM: Miniexame do estado mental; ACE-R: Addenbrooke’s Cognitive Examination — Revised. Fonte:
Elaboracdo propria, 2023.

A Tabela 11 demonstrou que o genotipo APOE mais frequente foi o E3/E3 com
65,9% dos casos, com predominio do alelo E3 (96,7%), em segundo lugar o genotipo E3/E4
correspondendo a 23,2% de todos os casos, € 0 alelo E4 foi o segundo alelo mais frequente

(25,9%). A tabela 12 apresenta a comparacao da genotipagem da APOE e seus hapl6tipos entre
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0s grupos deméncia, CCL, DCS e normal, sem diferenca entre os grupos. A tabela 13 apresenta
a comparacdo do genotipo e alelos APOE entre os grupos normal e com declinio cognitivo
(DC). O grupo declinio cognitivo apresentou maior frequéncia do alelo APOE E4 em
comparacdo ao grupo normal (30,8 vs 16,4, respectivamente, p=0,038). J& a comparacao da
genotipagem e dos alelos APOE entre 0s grupos com e sem comprometimento cognitivo néo

apresentou diferencas (Tabela 14).

Tabela 11 — Genotipos e alelos APOE no grupo total

(n=185)*
Genotipos e alelos N (%)
APOE
E2/E2 1 (0,55)
E2/E3 14 (7,7)
E2/E4 1 (0,55)
E3/E3 122 (65,9)
E3/E4 43 (23,2)
E4/E4 4(2,2)
Alelos
E2
Né&o 169 (91,3)
Sim 16 (8,6)
E3
Né&o 6 (3,2)
Sim 179 (96,7)
E4
Né&o 137 (74,05)
Sim 48 (25,9)

Dados categlricos expressos como contagem absoluta e porcentagens entre paréntesis. APOE: Gene da
Apolipoproteina E. *Pacientes que coletaram sangue para anélise de polimorfismo APOE.
Fonte: Elaboracéo prépria, 2023.

Tabela 12 — Comparagéo dos geno6tipos APOE e seus alelos em relacdo ao status cognitivo

Demeéncia DCS CCL
Normal (n=61)/% p
(n=11)/% (n=90)/% (n=23)/%
APOE 0,923
E2/E2 0 (0) 0 (0) 1(1,1) 0 (0)

E2/E3 5(8,2) 1(9,1) 6 (6,7) 2 (8,7)



E2/E4
E3/E3
E3/E4
E4/E4
Alelos
E2
Né&o
Sim
E3
Né&o
Sim
E4
Né&o

Sim

0(0)
46 (75,4)
9 (14,8)

1(1,6)

56 (91,8)

5 (8,2)

1(1,6)
60 (98,4)

51 (83,6)
10 (16,4)

0(0)
6 (54,5)
4 (36,4)

0(0)

10 (90,9)

1(9,1)

0(0)
11 (100)

7 (63,6)
4 (36,4)

1(1,1)
55 (61,1)
25 (27,8)

2(2,2)

82 (91,1)

8(8,9)

4 (4,4)
86 (95,6)

62 (68,9)
28 (31,1)

0(0)
15 (65,2)
5 (21,7)

1(4,3)

0,999
21 (91,3)
2(8,7)
0,618
1(4,3)
22 (95,7)
0,190
17 (73,9)
6 (26,1)

Dados categdricos expressos como contagem absoluta e porcentagens entre paréntesis.
Utilizou-se teste qui-quadrado ou exato de Fisher. DCS: Declinio cognitivo subjetivo; CCL: Comprometimento
cognitivo leve; APOE: Apolipoproteina E. Fonte: Elaboracdo propria, 2023.

40

Tabela 13 — Comparacdo dos gendtipos e alelos APOE entre os grupos normal e com declinio

cognitivo
Normal (n=61) DC (n=124) P
APOE 0,391
E2/E2 0 (0) 1(0,8)
E2/E3 5(8,2) 9(7,3)
E2/E4 0 (0) 1(0,8)
E3/E3 46 (75,4) 76 (61,3)
E3/E4 9 (14,8) 34 (27,4)
E4/E4 1(1,6) 3(2,4)
Alelos
E2 0,878
Né&o 56 (91,8) 113 (91,1)
Sim 5(8,2) 11 (8,9)
E3 0,665
N&o 1(1,6) 5(4)
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sim 60 (98,4) 119 (96)

E4 0,038
Nao 51 (83,6) 86 (69,4)
sim 10 (16,4) 38 (30,6)

Dados categdricos expressos como contagem absoluta e porcentagens entre paréntesis. Utilizou-se teste qui-
quadrado ou exato de Fisher. DC: Declinio cognitivo; APOE: Apolipoproteina E. Fonte: Elaboracao prépria, 2023.

Tabela 14 — Comparacdo dos genotipos e alelos APOE entre 0s grupos com e sem

comprometimento cognitivo

Sem
comprometimento CC (n=34) P

cognitivo (n=151)

APOE 0,966
E2/E2 1(0,7) 0 (0)
E2/E3 11 (7,3) 3(8,8)
E2/E4 1(0,7) 0 (0)
E3/E3 101 (66,9) 21 (61,8)
E3/E4 34 (22,5) 9 (26,5)
E4/E4 3(2) 1(2,9)

Alelos

E2 0,968
Né&o 138 (91,4) 31(91,2)
Sim 13 (8,6) 3(8,8)

E3 1,000
Né&o 5(3,3) 1(2,9)
Sim 146 (96,7) 33(97,1)

E4 0,610
Né&o 113 (74,8) 24 (70,6)
Sim 38 (25,2) 10 (29,4)

Dados categdricos expressos como contagem absoluta e porcentagens entre paréntesis. Utilizou-se teste qui-
quadrado ou exato de Fisher. CC: Comprometimento cognitivo; APOE: Apolipoproteina E.
Fonte: Elaboragdo propria, 2023.
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5 DISCUSSAO

As alteracOes cognitivas foram a principal gueixa no nosso estudo, mesmo em casos
leves de COVID-19 em uma populacdo majoritariamente ambulatorial. Além disso, o alelo E4,
as queixas de sono e os sintomas ansiosos foram mais frequentes no grupo declinio cognitivo
comparado ao grupo normal (TAVARES JUNIOR et al., 2022a).

Neste estudo, as queixas de memdria foram comuns apoés as fases aguda e subaguda
da doenca. A presenca de queixas cognitivas nesta fase € comum e relatada em outros estudos
(TAVARES-JUNIOR et al., 2022b). Além disso, as queixas cognitivas também sdo comuns
durante as fases aguda/subaguda (<12 semanas) da COVID-19 (ALEMANNO et al., 2021).
Essa diferenciacdo € importante, uma vez que, além da COVID-19, outros fatores podem
contribuir para as queixas cognitivas na fase aguda da doenca, como hospitalizacao, hipoxemia
e delirium (HONARMAND et al., 2020; PFOH et al., 2015; SARTORI et al., 2012).
ExplicacOes possiveis para isto incluem o fato de que os pacientes hospitalizados apresentam
um quadro clinico mais grave de COVID-19 e consequentes complicacBes sistémicas, maior
resposta inflamatoria e hospitalizacdo mais prolongada, todos fatores relacionados a piores
desfechos cognitivos (LETH et al., 2021; MAZZA et al., 2021).

Negrini et al., (2021) avaliaram comprometimento cognitivo em pacientes que
estiveram hospitalizados e demonstraram que o prejuizo cognitivo esteve linearmente associado
com a duracdo do internamento na unidade de terapia intensiva (UTI). Esse quadro clinico,
inicialmente relatado por pacientes como brain fog, possui similaridades com a encefalomielite
midlgica/sindrome da fadiga crbnica e com sintomas descritos apds infec¢des por influenza
(BECKER etal., 2021; PILOTTO et al., 2021; TAQUET et al., 2021). Entretanto, os sintomas
p6s-Covid ocorrem numa frequéncia maior do que apos influenza (TAQUET et al., 2021).
Nosso estudo encontrou declinio cognitivo em uma frequéncia elevada em pacientes com
COVID-19 leve, semelhante a outros estudos com avaliagdo cognitiva p6s-Covid (TAVARES-
JUNIOR, 2022). Nesse sentido, Amalakanti, Arepalli e Jillella (2021) avaliaram 93 pacientes
p6s-Covid ambulatoriais assintomaticos com uma idade média de 36,2 anos (DP=11,7)
utilizando 0 MoCA, e os pacientes apresentaram fluéncias verbal e fonémica piores em relacéo
aos controles saudaveis. Nosso estudo demonstrou a persisténcia dos sintomas apos 4 meses do
inicio dos sintomas, porém antes de um ano da infec¢do. A davida quanto a permanéncia dos
sintomas ap6s a COVID-19 persiste, porém Del Brutto et al.(2022) apontaram a reversao dos
déficits inicialmente encontrados ao reavaliarem os pacientes 1 ano apés utilizando o0 MoCA.

Nosso estudo encontrou ainda poucos com deméncia nova (apds a Covid-19) ou pior apés a
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COVID-19, numa prevaléncia menor do que a prevaléncia de 17,5% encontrada em estudo
nacional realizado por CESAR et al., (2016).

Realizamos a pesquisa do polimorfismo APOE para 0s SNPs rs429358 e rs7412
nos pacientes e encontramos uma maior frequéncia do alelo E4 no grupo com declinio cognitivo
(FARRER et al., 1997). O alelo E4 da APOE esta associado a um risco aumentado de doenca
de Alzheimer (DA) (POIRIER, 1996). A presenca de um Unico alelo E4 aumenta o risco de DA
em 2-3 vezes, e a homozigose para esse alelo aumenta o risco em 5-15 vezes (FARRER et al.,
1997). Da mesma forma, os individuos que possuem o alelo E2 apresentam reducédo de 43% no
risco de DA, sugerindo um papel protetor desse alelo (EWBANK et al., 2002). A apoE também
desempenha papéis importantes na antioxidacdo, na resposta inflamatéria e na reparacao
endotelial (JOFRE-MONSENY et al., 2008). Nesse sentido, Miyata e Smith (1996)
demonstraram que a atividade antioxidante do gene APOE é maior com o alelo E2 e menor com
o alelo E4, e 0o mecanismo responsavel por essa atividade antioxidante pode envolver o
sequestro de metais. Com relacdo a atuacdo da apoE na resposta inflamatoria, Egensperger et
al., (1998) demonstraram que o alelo E4 estimula a ativacdo microglial nos cortices frontal e
temporal. Do mesmo modo, Jofre-Monseny et al., (2007) avaliaram citocinas no sobrenadante
utilizando Enzyme-Linked Immunosorbent Assay (ELISA) e encontraram um desequilibrio entre
as citocinas pro e anti-inflamatdrias produzidas, ap6s estimulo por lipopolissacarideo, pelos
macrdfagos relacionado ao polimorfismo do gene APOE, sendo o alelo E4 relacionado a uma
maior produgdo de TNFa e a uma menor produgdo da citocina anti-inflamatoria IL-10 em
relacdo ao alelo E3.

Em termos de reparo endotelial, Ulrich et al., (2014) relataram que o alelo E4 néo
estimula esse processo, uma vez que ndo induz migracdo celular endotelial nem amortece a
adesdo celular endotelial. Até o momento, os estudos que citaram a participacdo da apoE nas
manifestaces da COVID-19 se concentraram nas manifestacdes clinicas e ndo ha outros
estudos até o momento demonstrando o papel da apoE na génese das manifestacdes cognitivas
pos-Covid (KUO et al., 2020; ESPINOSA-SALINAS et al., 2022). Kuo et al., (2020) por
exemplo, compararam por regressao logistica o polimorfismo do gene APOE com a infecgdo
por COVID-19 em uma coorte de 622 participantes no Reino Unido e demonstraram que 0s
pacientes com genotipo E4/E4 apresentaram uma maior chance de infec¢do por COVID-19 (OR
= 2.31, 95% IC: 1.65-3.24, p = 1.19 x 10®) independente do historico de diabetes, doencas
cardiovasculares ou deméncia. Além disso, Espinosa-Salinas et al.,(2022) utilizaram testes de
multipla comparacdo e investigaram a associacao entre o polimorfismo do gene APOE com 0

risco de infecgdo por COVID-19, documentando um efeito protetor do alelo E2 (OR: 0.207; IC:
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0.0796, 0.538; p = 0.001). E importante ainda contextualizar a frequéncia do alelo E4 em
pacientes com DCS e CCL relatada em outros estudos. Nesse sentido, Ali, Smart e Gawryluk,
(2018) realizaram uma revisdo sistematica sobre a relacdo entre APOE E4 e DCS, na qual
incluiram 36 artigos, dos quais 27 forneceram dados claros sobre a prevaléncia de APOE E4
em amostras de DCS. A idade média nos estudos variou de 55-85 anos, e a frequéncia média
de APOE E4 foi de 28,60%. J& Mattsson et al.,(2018) avaliaram a prevaléncia de APOE E4 em
individuos B-amiloide positivos com CCL e DA. Eles avaliaram 3.451 pacientes, e 0 grupo com
CCL (1.810 pacientes) apresentou idade média de 70,2 anos e prevaléncia do alelo E4 de 64%.
Tais frequéncias de E4 no DCS foram semelhantes as encontradas no nosso estudo, porém em
uma amostra com idade mais elevada. Com rela¢do a CCL, do mesmo modo, a idade média
também foi maior do que no nosso estudo, com uma frequéncia de E4 também superior.

Nosso estudo ainda encontrou no grupo com DC uma maior frequéncia de queixas
de sono e de sintomas de ansiedade. Pacientes com queixas de sono podem apresentar maior
frequéncia de DCS, bem como maior frequéncia de sintomas de ansiedade, como relatado
previamente por Jessen et al., (2014). Além disso, a Covid longa pode cursar com distarbios de
sono, como insbnia ou sonoléncia excessiva (MOURA et al., 2022). Com relacdo a ansiedade
na COVID-19, estudos prévios demonstraram sua presenca tanto na fase aguda da doenga como
em pacientes com Covid longa (ISMAEL et al., 2021; PREMRAJ et al., 2022). Ismael et al.,
(2021) avaliaram 895 casos leves de COVID-19 no Brasil dois meses apds a infec¢do quanto a
presenca de depressdo, ansiedade e estresse poOs-traumatico, evidenciando respectivamente
esses quadros em 26.2%, 22.4% e 17.3% da coorte. Han et al.,(2022) realizaram uma revisdo
sistematica quanto as sequelas de longo prazo da COVID-19 e incluiram 18 estudos com dados
de seguimento de 1 ano, nos quais a presenca de ansiedade variou de 15 a 29%.

Vaérias hipbteses sobre a génese dos sintomas cognitivos apds a COVID-19 foram
formuladas, incluindo alteracGes cerebrais isquémicas, lesdo endotelial e reacdo inflamatdria
(SOLOMON et al., 2020; VARGA et al., 2020). Esse ultimo achado é importante, pois a
inflamacdo microglial estd associada 8 DA (MANDREKAR; LANDRETH, 2010). Com
relacdo a doenca de Alzheimer, h& evidéncias de que o alelo APOE E4 estimula a
amiloidogénese cerebral por meio do aumento da producao de beta amildide em uma proporgéo
maior do que as outras isoformas do gene APOE, bem como aumenta a hiperfosforilagdo da tau
sob estresse (HUANG et al., 2017; LIU et al., 2013). Ramani et al., (2020) avaliaram neurénios
de organoides cerebrais e revelaram que a exposicdo ao SARS-CoV-2 induz estresse cuja
resposta leva a uma aberrante fosforilacdo da proteina tau e aparente morte neuronal. Ainda

Segev et al., (2015) forneceram evidéncias de que o alelo E4 promove comprometimento da
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memoria mediado pela resposta integrada ao estresse. Além disso, um vinculo importante pode
ser criado entre achados fisiopatologicos recentes relacionados a sintomas neuroldgicos pos
COVID-19 e doencas neurodegenerativas. Crunfli et al., (2022) demonstraram que as
manifestacdes neuroldgicas pos-Covid podem estar relacionadas a astrocitopatia. Além disso,
modelos animais sugerem que o alelo APOE E4 pode ser o responsavel pela ativacdo microglial
nos estagios iniciais da doenca de Alzheimer (LEE et al., 2022).

Zhang et al., (2022) por sua vez, utilizando cultura de células e modelos animais,
avaliaram o papel da apoE na interacdo da proteina spike do SARS-CoV-2 com a ECA e a
posterior entrada nas células infectadas. Os referidos autores evidenciaram um possivel papel
protetor da apoE com relacdo a entrada viral nas células, papel este pior desempenhado pela
isoforma E4 em comparacdo a E3, provavelmente devido a estrutura mais compacta da isoforma
E4 e, pois, a sua menor interferéncia espacial em impedir a interacéo entre virus e célula. Nesse
sentido, por meio desses achados, podemos presumir que o alelo APOE E4 concorre para uma
maior génese de comprometimento cognitivo em pacientes com Covid longa, uma vez que
protege menos contra a infeccdo por COVID-19, estimula uma resposta pré inflamatoria em
pacientes com COVID-19, bem como reduz os reparos endoteliais e atividade antioxidante
destes pacientes, além de induzir uma maior ativagdo microglial. Além disso, o possivel
desenvolvimento de comprometimento cognitivo em pacientes com Covid longa portadores do
alelo APOE E4 encerra preocupacfes quanto ao posterior desenvolvimento de doencas
neurodegenerativas (principalmente doenca de Alzheimer), dado o conhecido papel de tal alelo
como fator de risco para doenca de Alzheimer esporadica, corroborado por modelos animais
que evidenciam seu papel indutor de amiloidogénese cerebral.

N&o encontramos no nosso estudo diferenca significativa entre as escalas de
avaliacdo cognitiva, funcionalidade e psiquiatrica aplicadas. Esse mau desempenho das baterias
breves de rastreio cognitivo na avaliacdo cognitiva pos-Covid também foi relatado por outros
autores (RASS et al., 2021). Khanna et al., (2022) avaliaram 284 pacientes na india, 6 meses
apos a infeccdo, utilizando o MoCA e ndo encontraram declinio global com a referida bateria e
concluiram enfatizando a importancia de uma avaliacdo neuropsicoldgica detalhada. Por sua
vez, Lynch et al., (2022) compararam o desempenho do MoCA com uma avaliagéo
neuropsicoldgica avaliando 60 pacientes pés-Covid, e 0 MoCA apresentou uma acuracia de
63,3% em detectar algum grau de desempenho neuropsicoldgico reduzido. Apesar de
subjetivas, as queixas relatadas pelos pacientes no nosso estudo envolveram sintomas
concernentes aos dominios cognitivos da atengéo, funcbes executivas e memoria (MESULAM,

2000). Esse perfil cognitivo com prejuizo nesses dominios cognitivos também foi encontrado
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em estudos com avaliagdo cognitiva mais detalhada (TAVARES-JUNIOR, 2022). Garcia-
Sanchez et al.,(2021) avaliaram 63 pacientes com queixas cognitivas subjetivas mais de 3 meses
apos a infeccdo por COVID-19 com uma avaliacdo neuropsicoldgica extensa, denotando que
os dominios cognitivos mais afetados foram atencdo, funcbes executivas e memdria. Ja
Delgado-Alonso et al., (2022) examinaram 50 pacientes, através de uma avaliacdo
neuropsicoldgica detalhada, com uma meédia de idade de 51 anos (DP=11,65) semelhante ao
nosso estudo, avaliados mais de 6 meses apos a infeccéo, identificando também como dominios
cognitivos mais afetados a atencdo, as fungdes executivas e a memoria. Em outros estudos, o
dominio cognitivo mais afetado foi a memdria (JAYWANT et al., 2021; PUCHNER et al.,
2021). Isso é importante, uma vez que as estruturas limbicas, epicentro do dominio cognitivo
da memoria, podem ser afetadas por quadros associados a neuroinflamacdo (RAZ;
RODRIGUE, 2006). Da mesma forma, as queixas de memdria nos pacientes que apresentaram
quadros clinicos mais graves podem ser ocasionadas pelo fato do hipocampo ser sensivel a
baixas concentragdes de oxigénio (SHAW et al., 2021).

Nesse sentido, Hosp et al., (2021) avaliaram PET-FDG de cranio em pacientes na
fase aguda da COVID-19 e demonstraram envolvimento limbico associado a outras estruturas
cerebrais. Ja Hugon et al.,(2021, 2022) em duas diferentes publicacdes, avaliaram, utilizando
PET-FDG de créanio, pacientes com quadros leves de COVID-19 e posterior Covid longa com
déficits de memoria, atencdo e disfuncdo executiva, apontando hipometabolismo na ponte em
3 casos e no cortex do cingulo em outros 2 casos. Tanto a ponte como o cingulo anterior sdo
estruturas cujas lesdes podem causar disfuncdo executiva, sendo, pois, um substrato anatdbmico
possivel responsavel por parte da sintomatologia cognitiva nos pacientes com Covid longa
(MESULAM, 2000).

Nosso estudo encontrou uma relacdo inversa entre comprometimento cognitivo e
anosmia. Isso estd em desacordo com outros estudos. Cristillo et al. (2021) encontraram uma
associacao direta entre comprometimento cognitivo e distarbios olfatérios em pacientes ap6s
COVID-19, mas em uma populacdo com idade mais elevada possivelmente sinalizando um
marcador de envelhecimento cerebral, semelhante ao encontrado em outros estudos
(YAHIAQUI-DOKTOR et al., 2019). Por ultimo, nosso estudo ndo encontrou associagdes entre
comprometimento cognitivo e cefaleia. Apesar disso, essa associagdo de cefaleia e
comprometimento cognitivo pode ser encontrada em pacientes apds a fase aguda de COVID-
19 (MARTELLETTI et al., 2021).

Além disso, a origem das queixas cognitivas pode ser devido distarbios

psiquiatricos (OWNBY et al.,, 2006). Da mesma forma, os sintomas depressivos S&o
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comumente associados a queixas cognitivas como no DCS (JESSEN et al., 2014). Em nosso
estudo, individuos com declinio cognitivo ndo apresentaram frequéncia maior de depresséo.
Ismael et al., (2021) avaliaram pacientes com COVID-19 leve e demonstraram que 26.2% dos
pacientes persistiram com sintomas depressivos 2 meses apos a infec¢do. Da mesma forma, o
impacto da doenca na qualidade de vida dos pacientes pode contribuir para sintomas
depressivos (SANTOMAURO et al., 2021).

Nosso estudo tem algumas limitagbes significativas. Primeiro, ndo havia grupo
controle. Em segundo lugar, incluimos apenas pacientes com sintomas neurolégicos que nos
procuraram ap6s anincio em midias socias e meios de comunicagdo, o que indica um viés de
selecdo. Nos realizamos 0 agendamento por whatsapp, € isso pode ter contribuido para um viés
de selecdo adicional, possivelmente privilegiando uma populagdo com maior acesso e
facilidade para essa tecnologia como individuos mais jovens e com maior escolaridade.
Terceiro, ndo possuimos avaliacdo cognitiva prévia dos pacientes. Além disso, o padrdo ouro
para a classificacdo dos pacientes em CCL ou DCS envolve uma avaliagdo neuropsicoldgica
detalhada e ndo como foi realizado neste estudo, ou seja, através apenas de testes de rastreio
cognitivo e anamnese direcionada.

Também é importante avaliar como 0s sintomas cognitivos se comportardo apos o
tratamento da depressdo naqueles pacientes com esse diagnostico. Além disso, a presenca de
sintomas ansiosos foi mais frequente nos pacientes com DC, porém esta queixa nao foi avaliada
por nenhuma escala objetiva. E importante também pontuar a limitacao adicional de n&o termos
diferenciado as queixas entre aquelas relatadas espontaneamente ou apenas apos
questionamento pelo pesquisador, uma vez que o relato espontaneo das queixas pode denotar
um maior impacto na vida do paciente. Do mesmo modo, o fato do alelo E4 correlacionar-se a
comprometimento de memdria associado a auséncia de grupo controle no nosso estudo
estabelece uma dificuldade em determinar o papel causal direto da Covid longa nas
manifestacdes cognitivas dos portadores desse alelo. Por fim, ndo houve avaliagcdo por
neuroimagem, impossibilitando a analise de associacbes entre queixas e correlagdes
radioldgicas.

Os pontos positivos do nosso estudo incluem o fato deste estudo enfatizar as queixas
cognitivas em pacientes ambulatoriais apds a fase aguda da doencga. Nossa amostra foi composta
principalmente por pacientes <50 anos e com alta escolaridade, fatores ligados a uma maior
reserva cognitiva (refletida em maiores pontuacoes nos testes aplicados quando comparado por
idade e escolaridade), bem como com formas leves da doenca e apds as fases aguda/subaguda

da doenca, permitindo demonstrar a persisténcia dos sintomas mesmo nessa populacdo
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(DEHAENE et al., 2015). Manifesta¢Ges cognitivas pds-Covid em pacientes com formas leves
e reserva cognitiva elevada sugerem um importante e maior papel direto da COVID-19 como
fator causal daquelas. Além disso, agruparmos os pacientes com deméncia, CCL e DCS sob o
termo DC evidenciou a elevada frequéncia das queixas cognitivas, do mesmo modo que
valorizou as queixas subjetivas trazidas pelos pacientes e que motivaram a busca por
atendimento. Isso foi importante, uma vez que as queixas cognitivas subjetivas relatadas na
pandemia ndo foram inicialmente valorizadas, porém posteriormente tais queixas foram
objetivamente confirmadas, principalmente quando avaliadas por avaliacdo neuropsicologica
detalhada (GARCIA-SANCHEZ et al., 2021). Além disso, a analise do polimorfismo APOE e
possiveis associagcfes com sintomas cognitivos, algo inédito na literatura até o momento,

fortalecem nosso estudo.
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6 CONCLUSAO

No nosso estudo, as queixas cognitivas foram comuns em pacientes ap6s a COVID-
19, mesmo apos a fase aguda da doenca e em casos leves. Além disso, os pacientes com declinio
cognitivo do nosso estudo apresentaram maior frequéncia de queixas de sono, sintomas
ansiosos e do alelo APOE E4. Nosso estudo foi inédito na avaliagdo de sintomas cognitivos na
Covid longa e o papel do polimorfismo APOE na génese desses sintomas. N&o houve diferenca
em relacao a hospitalizacdo com relagdo ao comprometimento cognitivo. Em relacéo ao subtipo
do declinio cognitivo encontrado, a maior parte dos pacientes apresentou declinio cognitivo
subjetivo. O polimorfismo APOE ndo apresentou relagdo com prejuizo objetivo em algum
dominio cognitivo especifico. Os escores das baterias de avaliacdo cognitiva ndo apresentaram
diferencas entre 0s grupos com e sem declinio cognitivo, impedindo tracar no presente estudo
um perfil cognitivo com os dominios cognitivos mais afetados.

A avaliacdo neuropsicoldgica desses pacientes pode ser importante para melhor
caracterizacdo dos quadros de DCS ou CCL e determinacdo dos dominios cognitivos mais
afetados.

Estudos futuros com avaliagcdo de biomarcadores de doengas neurodegenerativas no
liquido cefalorraquidiano ou plasma podem trazer uma ligacdo entre a COVID-19 e o
aparecimento ou agravamento de doencas neurodegenerativas. Da mesma forma, o
acompanhamento longitudinal desses pacientes é fundamental para determinar a duracao desse

comprometimento cognitivo.
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APENDICES

APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da pesquisa: Acometimento Neurol6gico na COVID-19: caracterizacéo clinica e
epidemioldgica Pesquisador responsavel: Pedro Braga Neto

Prezado(a) colaborador(a), Vocé estd sendo convidado(a) a participar do projeto de
pesquisa intitulado Acometimento Neuroldgico na COVID-19: caracterizacdo clinica e
epidemioldgica, que visa melhorar o entendimento do acometimento neurolégico da COVID-
19, com dados que podem corroborar com estudos ja realizados na comunidade cientifica bem
como trazer novas informacdes sobre a doenca. O objetivo do estudo é investigar como se
manifestam suas alteracBes neuroldgicas, como 0s exames podem contribuir para o seu
diagndstico e que perfil epidemioldgico é mais suscetivel a esse acometimento.

1.Participacdo na pesquisa: Ao participar desta pesquisa, vocé deve concordar com a
utilizacdo dos dados de sua historia clinica, das imagens de exames radioldgicos e dos
resultados de exames laboratoriais, que serdo coletados através do seu prontuario. Sua
identidade sera preservada em todo o processo. Nenhuma identificagdo dos dados, seja da
historia clinica ou dos exames, sera feita.

2. Descricdo dos desconfortos e riscos esperados: riscos para 0s pacientes séo
decorrentes de tempo para entrevista e exame de aproximadamente 10 minutos. Para minimizar
o desconforto que isso pode causar, 0s pacientes serdo abordados em seus leitos, sem que haja
necessidade de levantar-se.

3 — Beneficios para o participante: ndo se restringem aos pacientes envolvidos, mas a
todos pacientes com diagndstico de alteracdes neurolégicas relacionadas ao COVID-19, uma
vez que os resultados obtidos poderdo propiciar um maior conhecimento sobre a doenca. N&do
havera nenhum beneficio direto para o participante que optar por ser incluido no estudo.

4 — Direito de se retirar do estudo: VVocé tem a liberdade de retirar seu consentimento a
qualquer momento e deixar de participar do estudo, sem prejuizo para seu tratamento.

5 — Direito de confidencialidade — As informagdes desta pesquisa seréo confidenciais e
serdo divulgadas apenas em eventos ou publicacGes cientificas, ndo havendo identificacdo dos
pacientes, a ndo ser entre os responsaveis pelo estudo, sendo assegurado o sigilo sobre todos os
dados relativos a sua participacdo neste estudo.

6 — Despesas e compensagdes: N&o ha despesas pessoais para o participante em qualquer

fase do estudo, incluindo exames e consultas. Também n&o ha compensagdo financeira
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relacionada a sua participacdo. Se existir qualquer despesa adicional, ela sera absorvida pelo
pesquisador, integralmente, em todas as etapas do estudo.

7 - Garantia de acesso: “em qualquer etapa do estudo, vocé terd acesso aos profissionais
responsaveis pela pesquisa para esclarecimento de eventuais davidas. O principal investigador
€ 0 Pedro Braga Neto, que pode ser encontrado no endereco Rua Prof. Costa Mendes, 1608-40.
bandar - Rodolfo Tedfilo, CEP 60.430-140 - Bloco Didéatico da Faculdade de Medicina /UFC.
Fone: (85) 3366- 8052/3366-8054.

Se vocé tiver alguma consideragdo ou duvida sobre a ética da pesquisa, entre em contato
com o seguinte Comité de Etica em Pesquisa: 1. Comité de Etica em Pesquisa (CEP) do HUWC
— Rua Coronel Nunes de Melo, 1142 - Rodolfo Tedfilo, fone: 3366-8589 (horario de
funcionamento: 7:00-12:00h e de 13:00-15:30h)— E-mail: cephuwc@huwc.ufc.br

Caso voce se sinta suficientemente informado a respeito das informac6es que leu ou que
foram lidas para vocé sobre os propdsitos do estudo, os procedimentos a serem realizados, seus
desconfortos e riscos, as garantias de confidencialidade e de esclarecimentos permanentes e que
sua participacao é voluntaria, que ndo ha remuneracdo para participar do estudo e se vocé

concordar em participar solicitamos que assine no espaco abaixo.

Assinatura do paciente ou representante legal Data / /

Assinatura da testemunha Data / /

Para casos de pacientes menores de 18 anos, analfabetos, semi-analfabetos ou

portadores de deficiéncia auditiva ou visual.

Assinatura do responsavel pelo estudo Data / /
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APENDICE B — FOLHA DE AVALIACAO DO PACIENTE
NOME/IDADE/GENERO: ESCOLARIDADE:
SINTOMAS CLINICOS FASE AGUDA DA COVID-19:

QUEIXAS ATUAIS ESPONTANEAS:

QUEIXAS ATUAIS POS-COVID (SURGIMENTO OU PIORA; HA QUANTO
TEMPO?):

( ) ANOSMIA

( ) DISGEUSIA

( ) COGNITIVAS (MEMORIA, ATENCAO, RACIOCINIO LENTO)

( ) CEFALEIA

( ) SINTOMAS SONO (DIFICULDADE PARA DORMIR; INICIO, MEIO OU FIM?;)
( ) SINTOMAS ANSIOSOS/DEPRESSIVOS

DIAGNOSTICOS ANTES DO COVID:

DIAGNOSTICOS POS-COVID:

MEDICACOES EM USO:

HISTORIA FAMILIAR:

RESUMO DA HISTORIA:

EXAMES COMPLEMENTARES REALIZADOS COM DATA:
EXAME NEUROLOGICO:

ESCALAS > MEEM:__ /30 GDS: BECK:
CDR:

FCS:
NNCC:



FORCA TONUS E TROFISMO:

REFLEXOS:
COORDENACAO:
SENSIBILIDADE:
MARCHA / ROMBERG:
CONDUTA:
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ANEXO C - PROSPECTIVE AND RETROSPECTIVE MEMORY
QUESTIONNAIRE'S (PRMQ 10)

Tabela 1 - Ttens e categonas do PRMQ

ltem : . Prospectivars  Curtors  Pista interna rs
pi Desengio do tem . :
n retrospectiva  longo prazo  pista externa
Vocé falha em reconhecer um lugar que vocé tenha visitado : ;
2 oo Retrospectiva Longo prazo  Pista externa
Vocé esquece alguma coisa que The for contada alguns ; . T
4 i 4 g Retrospectiva  Curto prazo  Pista interna

minutos antes?

Voce falha em reconhecer um personagem em um programa , -~ . , —
de ridio ou de TV de uma cena pas outra? Retrospectiva  Curto prazo  Pista externa

Vocé falha ao lembrar coisas que aconteceram com vocé nos
ulumos dias?
15 Voce esquece 0 que voce viu na televisio no dia antenor?  Retrospectiva Longo prazo  Pista interna

6

8 Retrospectiva Longo prazo  Pista interna
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ANEXO D — ESCALA FUNCIONAL DE PFEFFER — QUESTIONARIO DE
ATIVIDADES FUNCIONAIS (Pfeffer,1982)

1) Ele (Ela) manuseia seu préprio dinheiro?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de Ajuda

3= Nao é capaz

2) Ele (Ela) é capaz de comprar roupas, comida, coisas para casa sozinho(a)?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nd&o é capaz

3) Ela (Ela) é capaz de esquentar a &gua para o café e apagar o fogo?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nao € capaz

4) Ele (Ela) é capaz de preparar uma comida?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nd&o é capaz

5) Ele (Ela) é capaz de manter-se em dia com as atualidades, com os acontecimentos da
Comunidade

ou da vizinhanga?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nao € capaz
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6) Ele (Ela) é capaz de prestar atencdo, entender e discutir um programa de radio ou televisao,
um jornal

0oU uma revista?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nao € capaz

7) Ele (Ela) é capaz de lembrar-se de compromissos, acontecimentos familiares, feriados?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nd&o é capaz

8) Ele (Ela) E capaz de manusear seus proprios remédios?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nd&o é capaz

9) Ele (Ela) é capaz de passear pela vizinhanga e encontrar o caminho de volta para casa?

0= Normal 0= Nunca o fez, mas poderia fazé-lo agora
1= Faz, com dificuldade 1= Nunca o fez e agora teria dificuldade
2= Necessita de ajuda

3= Nao é capaz

10) Ele (Ela) pode ser deixado(a) em casa sozinho(a) de forma segura?

0= Normal 0= Nunca ficou, mas poderia ficar agora
1= Sim, mas com precaugoes 1= Nunca ficou e agora teria dificuldade
2= Sim, por periodos curtos

3= Nao poderia

ESCORE=



ANEXO E - ESCALA DE DEPRESSAO GERIATRICA (GDS)
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I

10.

11.

13.

14.

15.

Vocé esta basicamente satisfeito com sua vida?

Are you basically satisfied with your lifie?!04.1

Vocé deixou muitos de seus interesses e atividades?

Have you dropped many of your activities and interests?"%4
Vocé sente gque sua vida esta vazia?

Do you feel that your hife is empty?

Vocé se aborrece com frequéncia?

Do you often get bored™'™

Vocé se sente de bom hbumor a malor parte do tempo?

Are you in good spirts most of the time?"

Vocé temn medo que algum mal va lhe acontecer?

Are you afraid that something bad is going to happen to you?
Vocé se sente feliz a maior parte do tempo?

Do you feel happy most of the time?"4

Vocé sente gue sua sitaacio nao tem saida?
Do you feel helpless?™

Vocé prefere ficar em casa a sair e fazer coisas novas?
Do yvou prefer to stay at home. rather than going out
and doing new things?!4

Voce se sente com mais problemas de memdéria do que a maioria? 0

Do you feel you have more problems with your memory
than most?

Vocé acha maravilhoso estar vivo?
Do yvou think it is wonderful to be alive?

. Vocé se sente um initil nas atuais circunstancias?

Dwo you feel pretty worthless the way you are mow 7'

Vocé se sente cheio de energia?
Do yvou feel full of energy ™'

Vocé acha que sua sima¢io € sem esperancas?T

Do vou feel that yvour sitmation is hopeless?

Vocé sente gue a maioria das pessoas estid melhor gque vocé?
Do vou think that most people are better off than vou are?'”
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ANEXO F - INVENTARIO DE BECK

BECK (se <60 anos)

l. Tristeza

2. Pessimismo

3. Fracasso passado

4. Perda de prazer

5. Sentimentos de culpa

6. Sentimentos de punigio

7. Auto-estima

8. Autocritica

9. Pensamentos ou desejos suicidas
10. Choro

11. Agitagio

12. Perda de interesse

13. Indecisdo

14. Desvalonzacio

15. Falta de energia

16. Alteragdes no padrio do sono
17. Irritabilidade

18. Alteragdes de apetite

19. Dificuldades de concentragio
20. Cansaco ou fadiga

21. Perda de interesse por sexo




ANEXO G - CLINICAL DEMENTIA RATING (CDR)
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Dano Nenhum Questionavel Leve Moderado Grave
(0) (0.5) (1) () 3)
Memoria Sem perda de me- Esquecimento cons- Perda de memoria Perda grave de me- Perda de memaria
moria ou perda tante, recordacao moderada, mals moria, apenas as- grave.
leve e Inconstante. parcial de eventos. para eventos re- sunto altamente as fragmentos
centes, atrapalha ta}xendldo é recor- 5ao recordados.
as alividades de dado.
vida diaria.
Orlentacao Completa orienta- Completamente Dificuldade mode- Dificuldade grave Apenas orlentado
cao. orientado com di- rada com relacdo com relacao ao em relacdo a pes-
ficuldade leve em ao tempo, orienta- tempo, desorienta- soas.
relacao ao tempo. do em areas fami- do quase sempre
liares. no espaco.
Julgamento e solu- Resolve problemas Dificuldade leve Dificuldade mode- Dificuldade séria Incapaz de fazer
¢ao de problemas diarios, como pro- para soluclonar rada em lidar com em lidar com pro- julgamento ou re-
blemas financel- problemas, simila- problemas, simila- blemas, similarida- solver problemas.
ro‘s}:”“j'::igamento ridades e diferen- ridades e diferen- des e diferencas,
pr 0. cas. cas, julgamento julgamento social
soclal mantido. danificado.
Relacoes comuni- Funcao indepen- Leve dificuldade Nao ¢ iIndepen- Nao ha Indepen- Nao ha indepen-
tarias dente no trabalho, nestas tarefas. dente nestas ativi- déncla fora de casa, déncia fora de
compras, grupos dades, parece nor- parece bem o bas- casa, parece doen-
soclals. mal em uma Inspe- tante para ser leva- te o bastante para
¢ao casual. do fora de casa. ser levado fora de
casa.
Lar e passatempos Vida em casa, pas- Vida em casa, pas- Prejuizo suave em Apenas tarefas Sem funcao signi-
satempos e Interes- satempos, interes- tarefas em casa, ta- simples sao preser- ficativa em casa.

Culdados pessoais

ses intelectuals
bem mantidos.

Completamente
capaz de cuidar-
se.

ses intelectuals le-
vemente prejudi-
cados.

Completamente
capaz de cuidar-se.

refas mals dificels,
passatempo e inte-
resses abandonados.

Necessita de ajuda.

vadas, Interesses
muito restritos e
pouco mantidos.

Requer assisténcia
ao veslir-se, para
higiene.

Muita ajuda para
culdados Is,
incontinéncias fre-
quentes.
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Introduction: COVID-19 has a wide range of clinical manifestations. Neurological manifes-
tations in COVID-19 patients were demonstrated during the pandemic, including cognitive
impairment. This study aimed to determine any relationship between COVID-19 and
cognitive complaints, such as dementia, mild cognitive impairment (MCI), or subjective
cognitive decline (SCD).
Methods: We performed a systematic review of MEDLINE via Ebsco, Cochrane EMBASE,
SCOPUS, and LILACS electronic databases of observational studies with COVID-19 patients
confirmed by serology or PCR who developed new cognitive impairment or deteriorated
from previous cognitive impairment after infection. This review protocol was recorded on
PROSPERD with registration number CRD 42021241550,
Results: A total of 3.520 articles were retrieved and read. Twenty-two studies were selected
for our review. A wide range of cognitive assessment tools (n = 25) was used. The most
described affected domains in these studies were executive functions, attention, and
episodic memory. Thirteen studies showed a pattern of cognitive impairment in processing
speed, inattention, or executive dysfunction assessed through working memary.
Conclusion: This review highlights the high frequency of cognitive impairment after COVID-
15 infection. However, we were unable to differentiate whether the cognitive impairment
found corresponded to mild cognitive impairment or dementia through data from selected
studies, and this issue serves as one objective of future studies to be addressed on this
topic.

© 2022 Elsevier Ltd. All rights reserved.

Abbreviations: AD, Alzheimer's disease; MaoCA, Montreal cognitive assessment; MCI, Mild cognitive impairment.
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1. Introduction

In November 2019, an unknown cause outbreak of pneumonia
in Wuhan, Hubei province, China, began to attract Chinese
health authorities’ attention. COVID-19 was declared a
pandemic by the World Health Organization on March 11,
2020, with high levels of contamination and mortality in
China, Italy, and Spain, and later in other countries (WHO,
2021). COVID-15 has a wide range of clinical manifestations
(Guan et al, 2019). Of note, neurological manifestations in
COVID-19 patients were demonstrated during the pandernic
(Wu et al, 2020). In a study conducted in Wuhan, Hubei
province, 36.4% of the patients presented some neurological
manifestation, with central invelvement being more common
(dizziness, headache, altered level of consciousness, stroke,
ataxia, and epilepsy). Also, patients with severe disease were
more likely to develop neurclogical disorders, especially dis-
orders of consciousness, acute cerebrovascular disease, and
musculoskeletal disease (Mao et al_, 2020).

Aside from general neurological manifestations, cognitive
impairment was evaluated in COVID-19 patients. A Chinese
study evaluated the cognition of 23 COVID-19 patients using
digital questionnaires, relating cognitive complaints to high C-
reactive protein levels during the disease’s acute phase (Zhou
et al, 2020). Another study evaluated cognitive impairment in
outpatients, using Mini-Mental State Evaluation (MMSE),
Montreal Cognitive Assessment (MoCA), Hamilton Rating
Scale for Depression, and Functional Independence Measure
(FIM), finding 80% of cognitive impairment (Alemanno et al.,
2021). Moreover, different cognitive presentations have been
described, such as encephalopathy associated with severe

conditions (Delorme et al., 2020) and akinetic mutism associ-
more severe neurological manifestations in patients with

APOE 4 allele of Apolipoprotein E has been described
(Lumsden et al., 2020). This association is significant since the
same allele confers a higher risk of sporadic Alzheimer's dis-
ease [AD) (Poirier et al., 1993).

The growing population aging over the past few decades
has been associated with increased cognitive disorders. Data
from Alzheimers Disease International (ADI) report 468
million people living with dementia worldwide in 2015. This
number is estimated to be around 74.5 million in 2030 and
131.5 million in 2050. Alzheimer's disease is the most common
form of dementia and accounts for 50—-70% of dementia cases
(Prince et al,, 2015). The prevalence of mild cognitive impair-
ment (MCI) is 12—18% among adults over 65 years of age, and
the annual progression rates from MCI to AD are 10—-15% |Ding
etal, 2015). Neuropathological alterations of amnestic MCl are
intermediate between normal individuals and those with
Alzheimers disease, involving tau protein neurcfbrillary
tangles, beta-amyloid deposits, and neurodegeneration. Also,
a minor injury burden emerges when MCI represents a stage
before AD, which is theoretically susceptible to medicating
action (Petersen et al., 2006). Besides these conditions, sub-
jective cognitive decline is a condition before MCI and a
possible dementia precursor. It represents individuals with
cognitive complaints without objective evidence of cognitive

impairment (Jessen et al, 2014). Therefore, it is crucial to
identify whether COVID-19 possible neurologic lesions are
associated with more significant cognitive impairment.

This study aimed to determine any relationship between
COVID-19 and cognitive complaints, such as dementia, mild
cognitive impairment (MCI), or subjective cognitive decline
(SCD).

2. Methods

We performed a systematic review of observational studies
based on the recommendation from the Cochrane Collabora-
tion (Higgins & Creen, 2011). This review protocol was regis-
tered on PROSPERO — International Prospective Register of
Systematic Reviews— under registration number CRD
42021241590,

2.1. Search strategy

The search strategy will be performed to enhance methodo-
logical transparency and improve the reproducibility of the
findings, following the PRISMA checklist (Moher et al., 2015).
This systematic review study included six stages: 1 — formu-
lating the central research question (theme identification);
Step 2 — defining the inclusion and exclusion criteria and
literature search; Step 3 — categorizing primary studies
(defining data to be extracted from the selected studies); Step 4
— assessing the studies included; Step 5 — interpreting results;
& — performing knowledge synthesis of the results obtained
from the studies assessed (Jackson, 1980; Mendes et al., 2008;
Whitternore & Knafl, 2005).

Additionally, we used the PICo method (Population: Inter-
terest evaluated (cognitive impairment), and “Co” is the
context (risk of developing cognitive impairment). Then, we
elaborated the guiding question of this review to ensure sci-
entific literature systematic search: “Do COVID-19 patients
develap greater cognitive impairment? .

Studies were retrieved from five electronic bibliographic
databases: MEDLINE via Ebsco, Cochrane Central Register of
Controlled Trials (CENTRAL), Excerpta Medica database
(EMBASE), SCOPUS, and Latin American and Caribbean Health
Sciences Literature (LILACS), from inception until March 30,
221, Mo restriction regarding the publication date was
considered in this systematic review. No filters were used in
order to find as many results as possible, leaving this filtering
for a later decision. The reference section of the included
studies was considered for additional relevant studies. The
search strategy consisted only of crucial terms according to a
pre-established PICo acronym. Two researchers (JWLT] and
ACCS) carried out a search strategy in all databases indepen-
dently. Alse, bibliographic software EndNote (hitps://wurw.
myendnoteweb.com) was used to store, organize, and
manage all the references and ensure a systematic and
comprehensive search.

First of all, we identified the existence of specific subject
headings index in each database (such as MeSH terms, Emtree
terms, and DeCS-Health Science Descriptors) and their
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synonyms (keywords). The natural language was used with
controlled language (descriptors) to expand search results
[Aradjo, 2020; Siddaway et al., 201%). The search terms were
combined using the Boolean operators ‘AND’ and "OR' (Munes
et al, 2018).

2.2. Study selection

We included studies with COVID-19 patients confirmed by
serology or PCR who developed new cognitive impairment or
worsened from previous cognitive impairment after infection.
There was no restriction regarding age, previous disease,
gender, or ethnicity. Inclusion criteria were articles in English,
and COVID-19 confirmed by serology or PCR with new or
deteriorated cognitive impairment with detailed cognitive
evaluation. Exclusion criteria were studies focusing on psy-
chiatric manifestations, guidelines, and institutional pro-
tocols. Regarding the study design, we included prospective or
retrospective and cross-sectional studies. This systemnatic re-
view had no restrictions concerning the settings of the target
population.

2.3. Screening and data extraction

Initially, two researchers independently conducted a database
search and sent it to the Mendeley reference manager to
exclude duplicate documents. After duplicates exclusion, two
independent investigators (JWLT] and ACCS) screened the
studies from their titles and abstracts information. Any
disagreement ensued a new evaluation of the article and, if
disagreement persisted, a third reviewer (PBN) would make a
final decision. The resulting studies were evaluated according
to eligibilitv criteria. Then, articles were read in their entirety

using the same previous procedure. Study selection results
were reported using PRISMA Flowchart. A standardized form
was used for data extraction once achieving consensus on
selected studies. Information extracted included country,
author, year, objectives, study design, the prevalence of
cognitive impairment in selected studies, primary results,
median age, sample size and type, time of evaluation from
COVID-19 onset, and the cognitive and functional assessment
instruments used for diagnosis.

2.4 Qualitative synthesis

For the qualitative synthesis of the systematic review, the
analyzes will follow three steps: 1) preliminary synthesis of
the included studies, from the identification of their charaec-
teristics, their clinical contexts, the tools used to measure
cognitive decline and the cognitive results found; 2) explora-
tion of the relationships between study data, identifying those
that work with similar instruments and outcomes or even
different instruments dealing with similar outcomes; 3) and
evaluation of the robustness of the synthesis, which includes
criticisrn about the methodological quality of the included
studies and how this quality influences the results of the
primary studies (Fopay et al, 2006).

In addition, we dicotornized studies between those that
included acute and subacute phase patients (<12 weeks from
COVID-19 onset) from those that evaluated cognitive

impairment after this phase (>12 weeks from COVID-19
onset), in order to differentiate COVID-19 acute and sub-
acute from chronic effects on cognition (Malbandian et al.,
2021).

At the end of the synthesis process, the analysis of the
relationships within and between the studies described led to
an overall assessment of the strength of the available evi-
dence to draw conclusions based on a narrative synthesis
(Popay et al, 2006). Display data matrices were developed in
the form of tables to present the results of the systematic re-
view. Heterogeneity was qualitatively explored in the organi-
zation of the analysis process, considering methodological
similarities and differences between the included studies.

2.5.  Risk of bias in individual studies

Cochrane Collaboration Risk of Bias Tool was employed to
classify the included studies' risk of bias, considering the
following domains: inadequate patient selection and inclu-
sion; controlling for confounding factors;, blinding of in-
vestigators and outcomne evaluators; incomplete outcome
data. Risk of bias was thus classified as low, high, or unknown
» http:/handbook-5-1.cochrane orgl.

3. Results

Fig. 1 shows the flowchart of the study selection process ac-
cording to the PRISMA guidelines. A total of 3,520 articles were
retrieved and read. Twenty-two studies were selected for our
review. Sixteen studies included patients in COVID-19 acute
and subacute phases and 6 involved only patients after 12
weeks of onset.

Table 1 describes the studies assessed. Sample sizes
ranged from 14 to 195 participants. The studies were con-
ducted in 10 countries, and most of them were from Italy
(27.7%) and Germany (18.8%). Median age ranged from 362
years (SD = 11.7) {(Amalakant et al, 2021) to 67.23 years
(5D = 12.89) (Alemanno et al, 2021). Regarding the type of
studies found, 63.6% were cohort, 31 9% were cross-sectional,
and 4.5% were case—control.

Different types of samples were found. Most involved
hospitalized or discharged patients (81.8%), while the others
evaluated only outpatients never hospitalized due to COVID-
19 (18.1%).

Mot all studies cited the frequency of cognitive impair-
ment. In the studies cited in Table 1, cognitive impairment
varied from 2.6% (Monti et al.,, 2021) to 81% (Jaywant et al,,
2021). In studies after 12 weeks, cognitive impairment varied
from 21% (Del Brutto et al_, 2021) to 65% (Ferrucci et al., 2021;
Miskowiak et al., 2021).

A wide range of cognitive assessment tools (n = 25) were
used. Of note, the Montreal Cognitive Assessment (MoCA) was
the most frequently used (50.0%). In addition, the frontal
assessment battery and the mini mental state examination
(MMSE) were used in only 2 studies each. In the case of the
MMSE, in one of the studies a telephone version was used.
Another battery used by telephone in a study was the Modified
Telephone Interview for Cognitive Status (TICS-M). Studies
that detailed education showed participants with high
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Fig. 1 — Flowchart of the study selection process.

education, with only one including patents with less than
eight study years (Woo et al., 2020). Importantly, detailed in-
formation about patients’ education was not available in more
40.9% of studies.

Thirteen of the 22 selected studies used tests that listed the
most affected cognitive domains and described them. The
affected domains most described in these studies were exec-
utive functions, attention, and episodic memory, described
respectively in 9, 7, and 7 studies. All 13 studies showed a
pattern of cognitive impairment in processing speed, inat-
tention, or executive dysfunction assessed through working
memaory (Teble 3). Howewer, data from selected studies could
not differentiate whether the cognitive impairment found
corresponded to mild cognitive impairment or dementia. The
studies have not evaluated the loss in daily life activities.

Table 4 shows the studies that cite the average scores found
for the MMSE, MoC# and FAB.

Regarding the studies that evaluated patients in the acute/
subacute phases (Table 1), all of them evaluated patients who
were still or previously hospitalized. In comparison, in the
studies that evaluated patients only after 12 weeks (Takble 2},
%0% included only cutpatients subjects. Also, regarding sample
differences, 75% of the studies in Table 1 included patients who
had been in the ICU at some point, whereas only 16.6% of the
studies in Table 2 had patients admitted to the ICU at some
time. Furthermore, regarding the main objectives, 50% of the
studies in Table 1 had as the main objective to assess cognitive
impairment due to the disease, while 66.6% of the studies in
Table 2 aimed to assess cognitive impairment after 12 weeks of
illness.

84



85

Table 1 Articles with cognitive assessment before or at 12 weeks of COVID-19 infection.

Authars, Year Couniry Study Design Primary Study Sample type and Sample Size Participant Age Cognitive Assessment Main Resulis
Olbjective evaluation date Tool used
Jaywant et al (2021) United States  Cross.sectional To assess frequency, Hospitalized patients; 57 patients Mean zge (50§ 54.5 years Erief Memary and Executive  21% had cognitive
severity and profile of 432 (SD = 19.2) days {135 Test (EMET) irmpairment, ranging
cognitive dysfunction after initial admission. from mild to severe.
Deficits in working
memary (55%), st
shifting (47%), divided
attention [#E7%), and
Processing speed (#0%).
Puchmer et al. (2021) Austria Observational T explare the Discharged critical or 14 patients 5T (S0 = 10 years® Logical Memary 1 & I of =% with cognitive
cohort study dysfunctions and severe OOVID- 15 ‘Wechsler Memory Scale-IV  deficits of
outeomi of COVID-19 individuals (misan in. (WMSTV], subtese of the Comcentration, memary
survivors after early hespital stay of 30 days) werbal and visual memory  andfor executive
post-acute eest (W] and eest of functions
rehabilitation attentional performance
(TAR)
Darley et al. (2021]  Auwstralia Prospective cohart  To determine the &2 days after diagnnsis; 7B patients 47 years (standard deviation, CogState Cogritive Test Cognitive impairment
study prevalence of persistent 108, 6483 days. 15 years) Battery no dementia in 8
symptoms, lung Dischiarged patients patients [10.25%)
functicn, quality of life,
neurccognitive and
olfactory sbnormalites
during the recovery
periad
Alemanno e al tiaby Frospective cohart  To imvestigate OOWID15  Five to twenty days after 87 patienis Mean age 57.73 + 12.85 years  MoC#, MMSE =% with cognitive
[poz1) study impact on cognitive SYmpioms onset irmpairment
functicns in disesse sub-  discharged
acute phase
Blazhenats et al Germiany Prospective cohart  To assess 18 FFDG PET 37 & 19 days after 31 patients 56,00 (14.23) [35-89| BAGCA & patients with cogrirtive
[poz1) study and MoCA performance  COVID-19 symptam impairment and FOG-
in eight selected anset; discharged FET ahteration detected
patients presenting for a and inchuded
fallow-up in the chronic
stage
Mont et &l [2021) taly Prospective cohart  To assess the guality of By phone by a trained 39 patients 56 s 1005 years BIMSE telephione version 1{25%) with cognitive
study life of investigator after a impairment
ventilated COVID-15 median of 51 (51-71)
ARDS survivors. days from 10U
discharge.
Zhouw et al. {2020) China Cross-sectional Ta evaluste the impacts  Did nos mentan 29 patients and 25 Patients (47.00 & 1054 years) iFad based onkine CPT - COVID-19 patients
of COVID-19 an. evaluarion time after oontrols and controls (42.425 & 694 neuropsychalogical teses, had a lower cormect
cognitive functions in Cowid; recavered years| including the Trail Making ~ number OFT 2 and CPT 3
recovered patients and  patients Test [TMT), Sign Coding Test  compared with the
its relationship with (ECT), Continuous controls (9.83 + 193 us
inflammatory profiles Ferformance 231 1.30).
Table 1 — (continued)
Authars, Year Country Study Design Primiary Study Sammple type and Sampile Size Participant Age Cognitive Assessment Main Results
Ditjective: evaluation date Tool usad
Helkmuth et al. United States Prospective cohort  To present early findings At least 14 days from 100 patients 41 years [IJR range: 35-55  Questionnadre about 30 reported cognitive
[Flia] study on reported cognitive SYEpTom Cnset, —= detericration of new complaints
symptams in an Recovered patients; COncentration, Memory, or
‘observational cohiort of  Outpatient and previcus thinking complaint
SARS-CoW-2 in recovery.  hospitalized patients
Hosp et al. (2021) Germany Prospective cohort  Ta comprehensively <30 days symptom 29 patients, with 26 5.2 (14.4] * BASCA [26]; MoCA test,
study characterize the emset; Hospitalized completed MoCA and 15 Extensive 14 {545 were mild to
neurclogical sequelse of patients extensive neurcpsychalogical testing  moderacely impadred
COVID-13 in the neuropsychalogical (opidins verbal leaming {MoCA 15-25) and four
subsample of patients testing revised [FVLT-B, Trail {15%) were severely
affected seversly Mizking Test, Stroap test, irmrpained (MoCA 1017
‘enough to require Drigit span and Flaency) {13}
impatient treatmient.
Almeria ef al. (2020) Spain Prospective cohort To evaluate the impact 10 and 3% days from 39 patients 476 (25 Testde A dizaje Werbal ithological scores (FT _
study of COVID-19 an. hospital discharge Espafia-Complrtenss 30 were seen. in TAVEC-
neurccognitve (TANEC) with three lists for 12 [5.7%]),
performance. the Learning, Interference TAVEC-S (2 [57%]),
and Recognition to assess  TAWECTotal (1 [29%).
werhal memaory; Visual TAVEC-E (2 [5.7%]),
Eeproduction of the TAVEC-IME {1 [2.9%]),
Wechsher Memory Scale —IV  TAVEC-DMESC (2 [5.7%]),
(WMSIV), Digits forward and  TAWEC-DFR (2[5.7%]),
Bacloward, Leiter and TAVEC-DFRSC [3 [26%]),
Mumbers, Traidl Making Test  TAVEC-REC {2 [5.7%]),
Aand B (TMT), Symbol Digit  Inwerse Digits (3 [8.6%]),
Modalities Test (SDMT), TMT-A (1 [2.9%]), TMT-B
Stroop, Fhonemic and {3 [E.6%]), 50MT [2
Semantic fluency and |57%], Stroop Color (1
Eoston Kaming |25%], Stroop
Interference (1 [2.9%]),
Semantic
Fluency (2 [5.7%],
FPhonemic Flusncy (4
[11.4%), FCRD copy
{1 [2.9%]), BNT (1 [29%]).
Versace et al (3031}  Tiky Cross-secticnal To explore, with TMS,  Discharged patients, 3 12 patients; 10 controls. &7 2 5.6 patients FAE Diminished executive
the activity of the main  —13 waeks from disease functions, s
inhibitory intracontical  anset documented by
circuits within the abnarmal scores
primary motor contex coarected for age and
[841) in a sample of education on the FAE
patients complaining of {122+ J)
fatigue and presenting
executive dysfunction
after resalution of
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ortelli et al. (2021]  maly Cross-secticnal Ta provide a Discharged patients, 12 patients, 12 controls &7 4+ 9.6 patients BioCA, FAB, computerized Patients X Controls;
comprehensive clinical,  —13 weeks from dissase 543 2 105 controls attentive tasks: Vigllance  Montreal Cognitive
neurophysiological and  cnset Task [WT). Stroop Assessment (MoCA) 17.8
neurcpsychalogical Enterference Task [SIT), |53) X 268 (31}
profile of fatigued Mavan Task (NT) Frantal Assessment
patients suffering from Battery (FAE) 12.3 (2.3) X
reurclogical 167 (125
manifestations relabed 50 in brackets
o SARSCOV-2, who
recovered fram the
acute phase of COVID-

19.

Wioo et al. (2000 Germany Cross-secticnal Ta detect cognitive 11 discharged non-ICU 18 patients; 10 controls  Patients - mean, 422 years;  Modifed Telephone Past-0OVID-19 patients
deficits in 1 young patients (E1%), & D, 14.3 years; Interview fr Cognitive scored significantly
patients without cutpatients (33%) and 1 Controls . mean, 38.4 years:  Status (TICS-M) lower results in the
diagnosed cognitive pre-  patient did not seel 5D, 1.4 years. TICS-M (mean, 3853,
conditions after medical care |§); 70 range, 31-46] compared
recovery from COVID-19  —105 days from dissase o haalthy controls
and discoversd cmset (miEamn, 45.8; mnge, 43
widespread sub-chimical ~50) [Flg LA}, especially
deficits regarding short.term

memary, attention and
concentrat
tasks

Mendez ot al (2021) Spain Croas-secticnal To evaluate Discharged patients by 179 patients 57 [4%; 67] Median [1st, 3rd  Verbal karning — Immediate werbal
— itive function, telephone 1-3 months quartile]) immediate, and delayed memory - 3% moderate
psychistric symptoms from anset subtests from the  and 11 7% severe
and Qo in COVID. 15 Subtest Screen for Cognitive  Impairment;
survivors shortly after Empairment in Psychiatry Delayed memary - 11.8%
haspital discharge. (SCIF), animal naming test  moderate and 2.6%

{ANT) from the Contralled  severe; Semantic verbal
Oral Woed Association Test  fluency - H5%
{COWAT) for semantic moderate and 84%
werbal fluency and the severe; Working
subtest Digit Span backward  memary - £1%
from the Wechsler Adult moderate and 1.1%
Scale, Third severe; Overall, 38.7%
Edition (WAIS.IH) far moderaie and 184%
working memcory severe neurocognitive
impairment.

Ermis et all (2021) Cermany Prespective cohort  To drvestigate the Hospitalized in-house 53 total patients; 13 Median age 63 years IQR 54 MioCA cognitive impairment
spectnum of symptoms.  patients. patients with cognitive  —73 years) {e15%): deficits

evaluztion prienarily in executive
function, attention,
Iarguage and delayed
recall

Di Lorenzo &2 al Haly Retrospective amd  Toirvestigate whether  31.9% Discharged from 285 patients 57 4=, 67) BASCA AT {I5.4%) cogritive

(2020) prospective cobort  COWID-19 leawes behind  ED 68.1% had besn impairment
and identify patients  were assessed after a
who might beneft from  median 19R] time from
post-discharge hospital discharge of 73
—_____ A -
Table 1 — (continued )
Authars, Year Couniry Study Design Primary Study Sample type and Samgple Size Fariicipant Age Cognitive Assessment Main Fesulis
Objective evaluation date Tool used
Soldati et ol {#O1)  Brasil Frospective cohart T evaluste TICS' utility  Discharged patienis; 43 23 patients Mean age 536 117 years.  TICE. MICT was detected in 13%
study ta seroen cognitive 135 days after fram patients.
in severe
COVID patients.
Leth et &l (2021) Denmark Prespective cohort  Toinform the durationn Discharged patients <12 439 patients Median ape (I0F) 58 years (48 Omentation, memary, and Impaired OMIC test &t &
study of symptoms after the weeks after discharge. 73 concentration (OMC) test wosks 8/38 (21%); at 12
initial phase of DOVID weeks 4/32 (11%)
13, including
haspitalized and
nonhospitalized
patients.
Mazza etal. (2021) el Prospective cohart To study Discharged patietns in 130 patients were mean age 5B.5 & 128, age Erief Assessment af 7&% of the sampile
study psychopathological and  an ambulatory oognitive range fram 26 to BT years* Cognition in Schizophrenia  showed poor
neurccognitive impact  evaluarion 3 months evaluated. total sample [BALCS) performances in at beast
of COVIDL A% n survivors  after discharge. ane cogritive domin,
three-month after with executive functions
clinies] recovery. and peychomotoe
coardination being
impaired in S0% and 57%
af the sample.
van den Borst et al  Metherlands  Praspective cohort T hensively o and non 134 parients Ape, maan (SD), years af il in mental and!
[2ozy) assess health domains  hospitalized patients 3 (87 discharged patients). 5914} Cognitive Stanas (TICS), ar cognitive functian
in patients from acute  manths after Tecovery. Cognitive Failure were found in 36% of
COVED-13. Questioanadre (CFQ) patienis.
Animal naming test (ANT) from the C lled Oral Word Test (COWAT), Brief Memory and Executive Test (EMET), Brief ble Battery of paych | Tests (BRE-NT),
Cognitive Failures Q [ICFQ), C Perli Test (CPT), Digital Span Test (D5T), Frontal & Battery (FAB), wverbal learning revised (HVLT-R), Logical Memary [& 11

of Wechsler Memory Scale-TV [WMSIV), Mini-Mental State Examination (MMSE), Modified Telephone Interview for Cognitive Status (TICS-M), Montreal Cognitive Assessment (MoCA), Navon Task (NT),
Sereen for Cognitive Impairment in Psychiatry Danish Version (SCIP-DY), Sign Coding Test {SCT), Stroop Interference Task (SIT), Subtest of the verbal and visual memory test (VVA), Subtest Screen for
Cognitive Impairment in Peychiatry (SCIF), Symbaol Digit Modalities Test (SDMT), Test de Aprendizaje Verbal Espata-Complutense (TAVEC), Test of attentional performance (TAP), Trail Making Test
(TMT), Vigilance Task (VT), Visual Reproduction of the Wechsler Memary Scale—IW (WMSIV), Wechsler Adult Intellipence Scale Third Edition (WAIS-II), O memary, and conc ian (OMC)
test, Brief Accessment of Cognition in Schizgophrenia (BACS).

* Mean age af the wotal sample (does not discriminate fram those who only performed the cognitive assessment].

== Dnly refers to the mean age of those who reported cognitive symptoms.
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Authars, Year Country Srudy Design Primary Study Objective Samphk: type and Sample Size Participant Age Cogritive Assessment Main Results

evaluztion date Tool used

Del Brutto et al Ecuadar Prospective cohortstudy To assess cognitive Outpatients S manths 52 patients; 41 controls.  Mean age of participants was  MoCA (compare pre- decline in 21%

(2021) decling & months after  from disease onset E2E & 11 years with past [patients and in 2%
mild Cowid-18. <pandemic MoCA decay (>4 contrals
pauns]

Graham et al (21) United Siates  Prospective cohori study To charecterize the O average st 4.72 100 ambulatory patients 432 (SD-11°3) years® HIH Toalbax SARS.CoV-2 patients
spectrum of neurologle  months after symptam (50 + @ 50 35 with had significantly worse
manifestations in non.  anset in the SARS-CoV.  cognitive evaluation attention.
hospitalized Covid-13 2+ group compared io Tscare £15) and working
“fong haulers™ 552 months in the memary (median T-

SARS.CoV.2 group score 43);
Miskowiak e al. Pi hert stady To b tigate el patients 3-4 29 patients 552 (10.E) Screen for Cognitive Using SCIP total scores
(2021) frequency, pattern and  maonths after discharge Impairment in Fsypchiawy 2.5 5D as cut-off, @ ol
severity af cognitive Danish Version (SCIP-D),  afn = 13 &%) of
impairments 3-4 Trail Making Test- PartB patients was classified
months after COVID- 13 (TMT-E). Cognitive Failures a3 cognitively impained.
hospital dischange, their Questicnnaire [CFO)
relation to subjective
cogritive complalats,
guality of life and llness
Variahles
Amalakantictal  Endia Case conirol study To detect MOl in Ouipatients; 53 asymptomatic Patients was 36.2 £ 11 7and  MoCA COVID-15 patients
(2021) asymptomatic COVID- 19 patients; 102 controls.  that of the controls was secured kower scores
subjects with MoCA 356498 than cantrols in the
domains of
visuopercepeicn,
naming and fuency
Fluency S+ 6= 16+.7
Zds.7x28s.7Naming
364+.5% 39402

Ferrucc et al (2021) Haly Crass-sectional To study the acourrence  Neuropsychological 38 patients 5345 (12.64) Erief Repeatable Battery of  Cognitive impairment in
of cognitive assessment between 4 Meurcpsychalogical &0.5% (had obtained
abnormakities in the and 5 months (Mear _ Tests (BEB-NT) scores below cutoffs in
moaths fllowing 50 = 4.43 _ 132 months) at least one fask of the
hospital discharge. after haspital discharge. BRE-NT)

42 1% had processing
speed deficits, whils
36.3% showed delayed

Table 2 — (continued)

Authors, Year Country Seudy Design Primary Study Objective Sample type and Sample Size Participant Age Cogritive Assessment Main Eesults

evaluation date Tecl used

Crivelli et al. (2022)  Argentina Prospective cohortstudy  Todescribe the cognitive  Outpatients 142 days 45 parients; 45 controls  Mean age of participants was  MoCA, Tradl Making A, Digit Mo significant
prafile of a cobart of from disease onset 50 {4363 years Span Forwards, Digit- differences were found
COVID-19 survivors that Symbsal Coding, Craft Story,  in the screening
attended a neurclogical By Auditary Verbal measures [MoCA
climic Learning Test, Delayed p = .15). Significant

Eecall from the Benson. differences between
Figure Test, Trail Making B, groups wiere found in
‘Wisconsin Card Sarting Test, cognitive composites of
Stroop Test, phonalogical  memary [p = 016,
fluency. Benson Figure and  Cohen'sd = 73,
Clock Drawing Test, attention ip < 001,
Multilingusl Maming Test  Cohensd = 13,
and semantic fluency executive functions
P =001,
Coheers d = 14), and
language [p - 002,
Cohensd = 27}

Beckeretal (30Z1)  United Sinies  Cros ] To imvestigate rates of  Ambulabory or Total = 740; Mean age 430 (143 years  Mumber Span forward and  Hospitalized patients
cognitive impairment in patients 7.6 Ou =375, backward, Trail Making Test more impainments in
survivars of OOVID-12  manths from disease Em@rgency Parts A and B, phonemic and attention jodds rario
wihio wiere treated in anset department = 165, category flsency and the |OR]: 2.8; 95%CE 1.3-5.9),
cutpatient, emergency Hospital = 196. Hoplins Yerbal Learning executive functioning
department (ED), ar Test-Revised {OF: LE S5%CK: 1.0-3.4),
inpatient hospital categary fluency (OR:
seitings. 33, 3ERCE L.7-5.7),

memary encoding (OR:
23 S5%CE 1.3-4.1) and.
memeary recall (OR: 2.2
SENCE 1.3-28) than
outpatient group. ED
Patients maore impained
category fluency jOR:
15 S6%CE 1.1-3.1) and
memary encoding (OR:
1.7, 95% CE 1.0-3.0 than
aurpatients.

Filotio et al. [2021)  Baly Prospective cohortstudy To evaluate general and  Discharged patients & 105 were evaluated 48 s 126 years BioCA Cognitive deficis in
neurclogical manihs from discharpe. wsing a standard 17.5%.
marifestations after & nieurchogical
months of follow.up and examinarion and
their potential COgnitive scresning.
relationship with
premarbid conditions
and severity of

respiratory infection.
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Alba et &l {2021) Spain Cross sectional To characterize Discharged patients 82 30 patients total; 16 post 54 (43.8-64.75) years Barcelona Test which & Cognitive impairment
persistent symptoms,  —124 days from onset.  ICU patients @ 14 non- based cn the Benton was found in 63.3% of
physical, neurclogical 10U patients, Temporal Orentation Test, patients, with a similar
and respiratory sequelse Dignt Span forward, Rey profle in both sub.
and their impact on Anditory Verbal Learning  groups.
daily life activities and Test (RAVLT), Digit Span
quality of life in post backward,

COVID-19 patients. PMR task (a Spanish version
of the FAS letter Sluency
task)

Gautam et al. (022) United Kingdom Retrospectivecase series To assess the medium-  Discharged patients 4-7 200 patients Mean age {SD) S6.5 years MoCA In 12.5% of patients,
term effects of months after disease 132 some cognitive
coronavirus disease anset. impairment was noted,
2019 (COVID-13) on mainly in concentration
survivors of severe and short-term recall
disease.

Fronters wt al. (2021) United States  Prospective cohort study  To compare global Discharged patients 6 196 cases and 185 Median Age (IQR)-years Telephone McCA {50%) had impaired
functional outcomes month from infection.  controls Cases 68 {55-77); Contrals 69 cognitica (telephane
between COVID-19 Assessments were (57-78). MOCA<18)
hospital with Gucted by teleph
and without interview among case
neurological and control hospital

using an
ordinal analysis of the
modified Rankins Scale
(mRS)
Garcds-Sinchezet  Spain Prospective cohort study  To analyze the Discharged and 63 patients (33 previous  Mean age of 51.1 years MoOCA, CFT-I1, RAVLT, Multiple-domain
al (022} of deficits for 187days  hospitalized). {SD = 12.5; range: 22-78} ROCFT, Digit Span Forward  impairment (50.3%) was
specific cognitive after disgnesis. and Backward, BNT, mare frequent than
domains and to discern Block Design, Coding, impairment in only one
the frequency of single Symbal Search, TMT, Stroop, domain (39.7%) (p = 02).
and multiple-domain wverbal fluency tasks, and the Attention deficits were
impairments and to 15.0bjects Test the most frequent types
understand which of deficits in patients
combinations of deficits with single-domain
were a specific feature of impairment (13.0%),
post-0OVID-19 cognitive signifcantly exceeding
impairment. deficits i EF (p - 01),
ST/WM (p = 001), and
Language {p < .001).
Furthermore, attention
‘was the cognitive
domain that was most
frequently impaired in
conjunction with other

Table 2 — (continued)

Authars, Year Ciountry stady Design Primary Study Objective ‘Sample type and Samyple Size Participant Age Cognitive Assessment Main Results

evaluation date Tood used

Valdes et al (2027)  United States P chort study To the D patients & 215 patients. Modian Age years (IR} Telephone MoCA 106/215 [45%) abnormal
relationship between  month from infecton. normal Moca patients: 62 t-MboCA results).

i social were years (51-65% abnoemal Significant univariabe
determinanis of health  conduched by telephone Moca patients: £8 (57-77) prediciors of sbnoomal
and cognitive outcomes  interview. t-MoCA included older
&-months afier age, <13 yoars of
hospitalization far 3
COVID-13.
OOWID, Elack race, and a
pre-COvID history of
cognitive impairment
{all p < .05).
Walle-Hansen ot al.  Narway Prospective cohornt study  To study age related Discharged patients & 106 patients. Mean age was 74.3 years BSaCA Farty-six of the
[20z1) change in functional meonth fram infecton in {range 60-96) participants (33%]
status and mariality an ambulatory experienced & negative
among patients aged 50 evaluation. change in cogritive
years and older after function & months after
hospitalisatian due o thie COVID-19
COVID-19. hespitalisation, with a
higher proparton
Teparting coguitive
decline amang persons
75 years and older,
compared Lo younger
persons (59% w5 37K, p
wannorsdall eral. United States  Prospective cohort study To characterize post. Discharged patients four 82 patients Age, mean (sdj; range, years  Rey Auditary Verbal &M% demanstrated at
2oz acute neuropsychistric  maonths after an initial 545 {14.6) 26-85 Learning Test (RAVLT], least 1 abnormally low
functoning. diagriasis of COVID-19 Oral Tradl Making Test parts  cogritive soore.
by telephane interview. A and B, digit span forward
and backrarard, Phanemic
and semantic werbal Buency,
Brief Repeatable Battery of Neurapsychological Tests (ERB-NT), Cognitive Failures ire (CFQY), Montreal Cognitive Assessment (MoCA), Nawvan Task (NT), Screen for Cognitive Impairment in

Paychiatry Danish Version (SCIP-D), Trail Making Test (TMT), Rey Auditory Verbal Leamning Test (RAVLT), Rey—Osterrieth Complex Figure Test (ROCFT), Baston Naming Test (ENT), Continucus

Performance Test (CFT-I).

= Mean age of the twotal sample [does not discriminate fram those who only performed the cognitive assessment).
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Table 3 — Articles with detailed impaired cognitive domains.

Authors, Year

Cognitive Assessment Tool used

Impaired cognitive domains

Sample type

Jaywant et al. (2021)

Puchner et al. [(2021)

Darley et al. (2021)

Graham et al. (2021)

Zhou et al (1020}

Hosp et al. [2021)

Miskowiak et al. [2021)

Almeria et al. (3030

Brief Memory and Executive Test (BMET)

Logical Memary 1 & IIof Wechsler Memorny
Seale-TV (WMSIV), subtest of the verbal
and visual memory test (WVM), and test of
attentional performance [TAF)

CogState Cogritive Test Battery

NIH Tealbox

iPad-based online neuropsychalogcal
tests, including the Trail Making Test
[TMT), Sign Coding Test (SCT), Continuous
Performance Test (CPT), and Digital Span
Test {DST)

MoCA (26); Extensive neurapsychelogical
testing (Hopkins' verbal leamning revised
[HWVLT-R), Trail Making Test, Stroop best,
Digit span and Fluency) (15)

Sereen for Cognitive Impairment in
Psychiatry Danish Version (SCIP-I, Trail
Making Test- Part B (TMT-E), Cognitive
Failures Questionnaire [CFQ)

Test de Aprendizaje Verbal Espatia-
Complutense [TAVEC) with three lists for
the Learning, Interference and
Recognition to assess verbal memory;
Visual Reproduction of the Wechsler

Warking memary [55%], set-shifting (2144
[47%]), divided attention (18/39 [46%)])
Pr ing spead: pay speed was

the most frequent impairment

Cognitive of concentration, memaory, or
executive function deficits were found.
Attention (median Tscore 41.5 [37, 48.25];
p < 001 us US median of 50) and working
memoary

Attention function changes

The Ward list learning on the Hopking
Verbal Learning Test—Revised
(representing the cognitive domain
mermory) was affected most frequently 7/
14) as were executive functions [digit span
reverse (6/15); categorical flusncy (6/13)].
Tests for attention were less frequently
irnpaired

Comparing patients with the matched HC
groug; Patients displayed moderate
impairments in verbal learning and
working memery Patients' delayed
memary performance was unimpained,
whereas there was only a non-significant
trend toward verbal fusney and
paychomator speed impairments in
patients compared with HC (VFT: p - .08;
PMT: p — .09).

Attention, memoary and executive
function domains; T score lower than 30
was observed in memory domains,
attention and semantic Auency (2 [5.7%])
in working memaory and mental fexibility

Inpatients

Discharged patients

6483 days after discharge

Ambulatary 4 months after SARS-CoV2 +

Inpatients

3—4 manths after discharge

1035 days after discharge

Table 3 — (continued)
Authors, Year

Cognitive Assessment Tool used

Impaired cognitive domains

Sample type

Versace et al (2021)
Ortelli &t al. {2021}

Waa et al. [2020)

Méndez et al (2021)

Ferrucei et al, [2021)

Crivelli et al. (2023)

Becker et al (2021)

Albu et al (2021)

FAR

MoCA, FAB, computerized attentive tasks:
Wigilance Tagk (WT), Stroop Interference
Task (SIT), Naven Task [NT)

Modified Telephone Interview for
Cogritive Status (TICS-M)

Werbal kaming — immediate, and delayed
memaory subtests from the Subtest Sereen
for Cognitive Impairment in Peychiatry
(SCIP), animal narming test (ANT) fram the
Controlled Oral Word Association Test
(COWAT) for semantic verbal fluency and
the subtest Digit Span backward from the
Wechsler Adult Intelligence Scale, Third
Edition [WAIS-II) for working memeory
Brief Repeatable Battery of
Neuropsychalogical Tests (BRE-NT)

MaCA, Trail Making A, Digit Span
Forwards, Digit-Symbal Coding, Craft
Story, Rey Auditory Verbal Learning Test,
Delayed Recall from the Benson

Figure Test, Trail Making B, Wisconsin
Card Sarting Test, Stroop Test,
phonalogical fluency. Benson Figure and
Clock Drawing Test, Multilingual Narming
Test and semantic Auency

Number Span forward and backward,
Trail Making Test Parts A and B, phonemic
and category fluency and the Hopking
Werbal Learning Test—Revised

Barcelona Test which is based on the
Bentan Temporal Orientation Test,

Digit Span farward, Rey Auditory Verbal
Learning Test (RAVLT), Digit Span
backward, PMR task (a Spanksh wersion of
the FAS letter fluency task)

Executive functions
Executive dysfunction

Short-term memary, attention and
concentration/language tasks

Amongst survivors, the prevalence of
moderately impaired immediate verbal
mermary and learming was 38%, delayed
werbal memory (11.6%), werbal Auency
(34.6%) and working memory (executive
function) (B.1%), respectively.

Of all patients, 42.1% had processing
speed deficits, while 26.3% showed
delayed verbal recall deficits

Memeory (p = 016, Cohen's d = 73),
attention [p < 001, Cohen's d = 1.2),
executive functions (p < 001, Cohen's

d = 1.4}, and language (p - 002, Cohen's
d - E7).

Hospitalized patients more impairments
inattention (odds ratio [OR]: 2.8; 35%CLE 1.3
—5.9), executive functioning (DR: 1.8 95%
CL: 1.0-3.4), category fuency (OR: 3.0; 95%
CI: 1.7-5.2), memary encoding (OR: 2.3;
95%CLE 1.3—4.1) and memory recall (OR:
2.3; 05%CI: 1.3—3.E) than outpatient group.
ED Patients more impaired category
flueney (O 1E; 95%CT: 1.1-3.1) and
mermary encoding (OR: 1.7; 95% CE: 1.0
—3.0) than outpatients.

Leow scores an orientation [X2 (1) = 97,

p = .33, attention [¥2 (1) = 1.01, p = 33|,
werbal learning [X2 (1) = 1.77, p — 18], long-
term werbal memory [¥2 (1) = 2B, p - 60],
verbal recognition [X2 (1) = 144, p = 23|,
working memory [X2 (1) = 145, p = .50] ar
executive contral [X2 (1) = 18, p - 23]

2-3 months after discharge
2-3 months after discharge

20100 days from Covid-19

Discharged patients by telephone 1-3
months fram onser

Meurapsychological assessrment between
4 and 5 months (mean _ SD - 4.43_1.23
months) after hospital discharge.

Dutpatients 142 days from dissase onsst

Ambulatary or discharged patients 7.6
menths from disease onset

Discharged patients B3—124 days fram
onset.
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Garefa-Sinchez et al (2027) MaCA, CPT-I, RAVLT, ROCFT, Digit Span
Forward and Backward, BNT, Black
Design, Coding, Symbol Search, TMT,
Stroap, verbal fuency tasks, and the 15-
Objects Test

Vannorsdall et al. (2022) Rey Auditary Verbal Learning Test
(RAVLT)

Oral Trail Making Test parts A and B, digit
span forward and backward, Phanemic
and semantic verbal fluency,

Artention deficits were the most frequent
types of deficits in patients with single-
damain i (19.09%), signifeant]
exceeding deficits in EF (p = .01), ST/WM
{p = .001), and Language (g < .001).

Furth . was the cognith
domain that was mast frequently
impaired in conjunction with o

! in with multiph
domain impairment, especially with
Learning and Long-Term Memary and
Executive Functioning.

Mon-ICU patients -» Mild/moderate
impairment was particularly commeon on
Oral Trail Making Test part A, category-
cued verbal fluency, RAVLT acquisition,
and RAVLT delayed recall.

Fost-ICU paticnuts - elevaied sates of
impairment were ohserved across all

! with the ion of b
span forward. More than onethird of post-
ICU patients performed in the mild/
moderately impaired range on the Oral
Trail Making

Test part A, letter- and category-cued
werbal fluency,

RAVLT acquisition, and RAVLT delayed
recall

Discharged and outpatients, 167 days after
diagnosis.

Discharged patients four months after an
initial diagnosis of COVID-19 by telephone
interview.

Animal naming test (ANT) from the C led Oral Wiard A i Test (COWAT), Briel Memory and Executive Test (EMET), Brief Repeatable Battery of Neuropsychological Tests (BRE-NT),
Cognitive Failures (CFQ), Cant Perfi e Test (CPT), Digital Span Test ([DST), Frontal Assessrment Battery ([FAB), Hopkine verbal learning revised (HVLT-R), Logical Memory [& 11

of Wechsler Memaory Scale-IV [(WKSIV), Modified Teleph Interview for Co ive Status (TICS-M), M ] Cognitive A

[MoCA), Naven Task (NT), Screen for Cognitive Impairment in

Paychiatry Danish Version (SCIP-D), Sign Coding Test {SCT), Stroop Interference Task [SIT), Subtest of the werbal and visual memory test (VVM), Subtest Scresn for Cognithve Impairment in Peychiatry
({SCIF), Symbal Digit Modalities Test (SDMT), Test de Aprendizaje Verbal Espana-Complutense (TAVEC), Test of attentional performance (TAP), Trail Making Test [TMT), Vigilance Task [VT), Viswal
Reproduction of the Wechsler Memary Scale—IV (WMSIV), Wechsler Adult Intelligence Scale Third Edition [WAIS-II), Continuous Performance Test (CPT-O), Rey Auditory Werbal Learning Test
(RAVLT), Rey—Osterristh Complex Figure Test (ROCFT), Baston Maming Test (ENT), Trail Making Test (TMT).




92 CORTEX I52

91

Table 4 — MMSE/MoCA and FAB mean scores.

Authors, Year Cognitive Assessment Tool used MMSE/MoCA values FAB values

Alemeanno et al. (2021) MoCa, MMSE MoCA: group 1 (21.65 + 5.23), group 2
[16.83 + 7.11), group 3 (15.90 + 6.97),
group 4 (19.11 + 6.83); MMSE: group 1
[26.77 + 2.77), group 2 (22.78 + 5.80),
group 3 (22.24 + 6.23), group 4
(22,89 + 6.97)

Elazhenets et al. (2021) MoCa MoCA (+ standard deviation) global
score of 19.1 = 4.5 at the subacute
stage; 23.4 + 3.6 at the post acute stage

Monti et al. (2021) MMSE telephone version Italian telephone Mini Mental State
Examination (I-tel MMSE), median
(IQR) 22 (21-23)

Hosp et al. (2021) MoCA; Extensive neurcpsychological MoCA global score <26 = 18 patients
testing (Hopkins werbal learning |69%) mean score (3D} 19.11 (4.14),
revised (HVLT-R], Trail Making Test, MoCA global score 1825 = 14 patients
Stroop test, Digit span and Fluency], (54%) mean score (SD) 20.93 {2.05),

MoCA. global score 10—17 = 4 patients
(15%) mean score (SD) 12.75 (2.49),
MoCA global score > 26 = 8 patients
(31%) mean score (3D) 27.75 (1.16)
Versace et al. (2021) FAE FAB (122 + 7)

Ortelli et al. (2021) MoCa, FAR, computerized attentive

tasks: Vigilance Task (VT), Stroop

Amalakanti et al. (2021) MoCA
Rass et al. (2021) MoCA
Crivelli et al. (2022) MoCA, Trail Making A, Digit Span

Forwards, Digit-Symbol Coding, Craft
Story, Rey Auditory Verbal Learning
Test, Delayed Recall from the Benson
Figure Test, Trail Making B, Wisconsin
Card Sorting Test, Stroop Test,
phonological fluency. Benson

Figure and Clock Drawing Test,
Multilingual Naming Test and
semantic fluency

Frontera et al. (2021) Telephone MoCA

Mean MoCA scores -> patients - 17.8
5.3}

Age 18-29 -> Mean MoCA Score in
cases 25.9 + 2.1 x Mean MoCA score in
controls 27 +1.7;

Age 3049 -> Mean MoCA Score in
cases 25.9 + 2.3 x Mean MoCA score in
controls 256 + 4.3;

Age 50 and above -> Mean MoCA Score
incases 24 + 3.5 x Mean MoCA score in
controls 245 + 3.5

All patients MoCA <26-29 patients,
Mean scores (SD) MoCA 28 (26—-29);
Severe disease requiring ICU MoCA
<26 - 8 patients, Mean scores (SD)
MoCA 28 (25-28); Moderate severity,
hospitalization, non-ICU MoCA <26
—20 patients, Mean scores (SD) 28 (25
—29);

Mild severity, outpatient, MoCA <26-1
patient, Mean scores (SD) 29 (28-30)
Mean MoCA scores -> Controls - 27.22
(1.99);

Patients - 26.49 (2.90).

Mean FAR scores -> patients
-12.3 (2.3); controls - 16.7

101 cases — median MoCA 17 (13-19)
114 controls - median MoCA 18 (15-19)
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Table 4 — (continued)

Authors, Year Cognitive Assessment Tool used

MMSE/MoCA values FAB values

Garcia-Sdnchez et al (2022) MoCA, CPT-II, RAVLT, ROCFT, Digit
Span Forward and Backward, BNT,
Elock Design, Coding, Symbol Search,
TMT, Stroop, verbal fluency tasks, and
the 15-Objects Test

Walle-Hansen =t al. {2021) MoCA

Hospitalized patients had lower MoCA
scores (M = 15.8; 5D = 3.8) than non-
hespitalized ones (M = 17.8; SD = 2.5).

MoCA total score g < 75 years 25.3 (3.8),
= 75 years 21.7 (5.8)

Animal naming test {ANT) from the Contralled Oral Weord Association Test (COWAT), Brief Memory and Executive Test (EMET), Brief Repeatable
Battery of Neuropsychological Tests (BRE-NT), Cognitive Failures Questionnaire (CFQ), Continuous Performance Test (CPT), Digital Span Test
{DST), Frontal Assessment Battery (FAR), Hopkins verbal learning revised (HVLT-R), Logical Memory | & Il of Wechsler Memory Scale-IV
(WMSIV), Modified Telephone Interview for Cognitive Status (TICS-M), Montreal Cognitive Assessment (MoCA), Navon Task (NT), Screen for
Cognitive Impairment in Psychiatry Danish Version (SCIP-D), Sign Coding Test (SCT), Stroop Interference Task (51T}, Subtest of the verbal and
visual memory test (VVM), Subtest Screen for Cognitive Impairment in Psychiatry (SCIP), Symbol Digit Modalities Test (SDMT), Test de
Aprendizaje Verbal Espana-Complutense (TAVEC), Test of attentional performance (TAP), Trail Making Test (TMT), Vigilance Task (VT), Visual
Reproduction of the Wechsler Memory Scale—IV (WMSIV), Wechsler Adult Intelligence Scale Third Edition (WAILS-III).

The studies did not find specific alterations in structural
neurcimaging exams (brain computed tomography or mag-
netic resonance imaging). Two of the selected studies evalu-
ated patients in the acute phase with a cranial positron
emission tomography scan, finding frontoparietal hypo-
metabolism in patients with encephalopathy (Blazhenets
et al., 2021; Hosp et al., 2021).

All articles were submitted to bias risk assessment (Fig. Z).
The overall risk of selection bias was high in 20 studies, while

4. Discussion

We carried out a critical review of cognitive impairment in
confirmed COVID-19 patients. Qur results revealed a possi-
bility of cognitive impairment, even in mildly symptomatic
subjects six months after disease onset (Del Brutto et al, 2021).
The importance of this systematic review showed a possible
relationship between SARS-Cov? infection and the develop-
ment or deterioration of complaints and cognitive impair-
ment. Moreover, cognitive impairment does not occur only in
severe cases and in the acute disease phase.

Neurologic symptoms may persist in the postacute phase
and constitute a “long Covid™ syndrame (Craham et al, 2021).
Because of this, and to differentiate cognitive impairment
during acute/subacute phase from chronic phase, we sepa-
rated the studies according to disease phase of patients’
evaluation. Cognitive impairment still occurred after 12 weeks
of disease onset (Table 2). However, we still need more data to
determine whether this cognitive impairment, when it occurs,
is lasting or improves after a certain period of time.

Cognitive impairment was found after other infections,
including coronavirus infections (Rogers et al, 2020).
Furthermaore, as COVID-19 can cause critical illnesses in some
patients, ARDS and delirium may occur, both previously
related to cognitive impairment (Honarmand et al., 2020; Pfoh
et al, 2015). Thus, Rass et al (Rass et al, 2021) showed

cognitive impairment in 23% of COVID-19 patients (in severe
COVID-1% patients 29%, moderate 30%, and mild 3%). Addi-
tionally, the disease leading to hypoxemia with repercussions
on memory is expected since the hippocampus is sensitive to
low oxygen concentrations (Sartorl et al., 2012).

Most selected studies evaluated previously hospitalized
patients or even hospitalized patients. We cannot rule out that
the cognitive impairment was caused by injuries related to

hospitalization, delirium, or even the remaining acute phase
telephone. No significant differences were found regarding

the instrument applied between the groups. Another possible
cause that has not yet found support in the medical literature
was a direct virus action. Such a direct role of the virus does
not provide robust evidence in studies of general neurological
manifestations evaluating cerebrospinal fluid or necropsy
studies (Matschke et al., 2020; Neumann et al., 2020).

Conversely, Del Brutto and coworkers evaluated only out-
patients without previous hospitalization and with mild dis-
ease (Del Brutto et al., 2021). In this study, patients had mild
COVID-19, not requiring hospitalization. They were followed
up on an outpatient basis before the pandemic and had a
regular cognitive assessment. The authors evaluated patients
six months after symptom onset with a control group and
identified a drop >4 points in the MoCA applied to patients
before the pandemic.

Other studies have pointed out possible causes of COVID-
19 related cognitive impairment. Zhou et al. evaluated dis-
charged patients through scales applied via digital devices,
Anding compromised attention of patients, also relating such
findings to high inflammatory markers (Zhou et al., 2020). This
last finding is interesting, as previous evidence shows a
possible causal role of microglial inflammation and the later
emergence of Alzheimers disease (Mandrekar-Coluccl &
Landreth, 2010). Another possible cause of cognitive impair-
ment associated with COVID-19 is ischemic changes associ-
ated with COVID-19 since cerebrovascular changes denote the
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risk of cognitive impairment and dementia (Fendlebury et al,
201%; Solomon et al., 2020). Also, endothelial lesions described
in COVID-19 can impair brain metabolites clearance,
including beta-amyloid peptides, which are involved in Alz-
heimer's disease (Varga et al., 2020; Weller et al., 2008).

Regarding patient assessment methods, as would be ex-
pected, some studies used tele-assistance services during the
critical phase of the pandemic in their respective countries
(Mcloughlin et al, 2020; Zhou et al., 2020). They are essential
alternatives and can therefore play a triage role (Igbal, 2020).
However, it is essential to mention the lack of studies with
extensive neuropsychological assessment.

This review study has some important limitations. First,
some studies do not mention cognitive impairment preva-
lence or incidence. Furthermore, almost all studies did not
have patients’ previous cognitive assessments. Furthermore,
no information was available about cognitive impairment
subtype (MCI, AD, other neurodegenerative diseases, e.g.) in
almost all studies. Another caveat is that most studies did not
have control groups, precluding direct comparison. In addi-
tion, it was not possible to compare the most affected cogni-
tive domains between studies before and after 12 weeks of
Covid-19 infection. Another potential limitation of this sys-
tematic review was the wide variety of cognitive assessment
instruments employed, influencing external validity. Lastly,
no study included in this review used a complete cognitive
neurapsychological evaluation, the gold standard assessment
method. These limitations made it impossible to perform a
meta-analysis.

On the other hand, a strength of this systematic review is
its reproducible and transparent procedure for literature sys-
ternatic review. When publishing the research, the protocol is
essential to display strategy clarity and reduce bias risk (Silagy
et al., 2002). These results provide evidence to inform, support,
and customize shared decision-making from the healthcare
providers, stakeholders, and governments. In this sense, this
systematic review delivers relevant evidence about the impact
of the COVID-1%9 on patients’ cognitive performance to address
the gap in the literature and guide essential strategies, detect
cognitively impaired patients (SCD, MCI, and dementia) with
the establishment of proper treatment, cognitive rehabilita-
tion, and psychoeducation. The possibility of cognitive
impairment after infection further emphasizes the impor-
tance of preventive measures for COVID-19.

In terms of future directions, it is essential to implement
clinical research using control groups, using extensive neu-
ropsychological assessment to determine the most affected
cognitive domains, employing imaging and cerebrospinal
fluid {CSF) biomarkers for neurogenerative diseases such as
Alzheimer's disease, in order to elucidate specific patho-
physiological changes by COVID-19. Ideally, individuals with
prior neurocognitive follow-up, including biomarkers and
prior cognitive assessment, should be included in future
studies. Likewise, the inclusion of patients with previous
cognitive impairment is essential to evaluate these patients’
evolution. Another important group to be assessed is the low
education patients, bringing psychometric data from this
population and assessing whether low education, via low
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cognitive reserve, adversely affects cognition after the COVID-
19 condition.

This review highlights the high frequency of cognitive
impairment after COVID-19 infection. Howewver, we could not
differentiate whether the cognitive impairment identified
corresponded to mild cognitive impairment or dementia
through data from selected studies, which is one objective of
future studies to be addressed on this topic.
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Post Coronavirus Disease 2019 Vaccine-associated Acute
Myeloradiculoneuropathy Responsive to Plasmapheresis
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FIGURE 1: MRI cervical spine in sagittal T1 (a), sagittal T2 (b), sagittal short tau inversion recovery (STIR)
(€}, and axial T2 (d). Images demonstrate a longitudinally extensive hyperintense signal (b, ¢, and d - arrows).

Suggestive of longitudinally extensive transwerse myelitis.

A 31-year-old male patient presented with acute tetraparesis and
urinary retention 1 day after the first dose of the coronavirus disease
2019 (COVID-19) vaccine. COVID-19 PCR (polymerase chain reaction
(PCR) was negative, and IgM (Immunoglobulin M) COVID-19 was
reactive. Electromyography revealed an asymmetric motor-sensory
axonal polyneuropathy. Cervical magnetic resonance imaging
(MRI) revealed longitudinally extensive transverse cervical myelitis
(Figure 1). Immunoglobulin treatment for five days improved arm
strength. Methylprednisolone was started for five days without
improvement. In addition, the patient underwent plasmapheresis
with improvement. Blood and cerebrospinal fluid tests were

performed, excluding autoimmune diseases, other infections, and
neuromyelitis optica (Figure 2). He returned to walking unassisted
after 60 days with mild hypoesthesia in his left foot and mild urinary
retention. Previous studies reported similar and worse outcomes
after the COVID-19 vaccine and other viral infections™. Our report
presents one of the earliest cases described after vaccination;
however, it has already been registered at a similar time®. Such cases
usually occur with extended latency periods, probably by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antigens in
the COVID- 19 vacdine or its chimpanzee adenovirus adjuvant. These
antigens can cause myelitis via immune mechanisms?

Corresponding auther: losé Wagner Leonel Tavares-lunior. e-mail: wagnerleoneljri@gmailcom

Authors’ contribution: Conception and design of wark: IT-J and PB-N. Acquisition, analysis, or interpretation of data and work: JT-J and FB-M. Drafting the work: IT-J, PPAC and
PB-N. All authors were involved in the critical review of the manuscript for important intellectual content.

Conflict of Interest: The authors daclare that they have no conflict of interest.
Recefved 21 January 2022 | Accepted 25 March 2022

97




Tavares-Janior JWL et al. | Post COVID-19 vaccine myeloradiculoneuropathy

The authors are grateful to the Brazilian National Council
for Scientific and Technological Development (CNPq) for the
funding of the Fellowship to author Pedro Braga Neto and to
Coordination for the Improvement of Higher Education Personnel
— Brazil (CAPES) for the funding to author Pedro Braga Neto
(88881.505364/2020-01).

REFERENCES

1. Vasconcelos TMF, Oliveira DN, Ferreira GM, Torres FC, Castro JDV,
Braga-Neto P, et al. Covid-19 post-infectious acute transverse
myelitis responsive to corticosteroid therapy: report of two clinical

Serum tests
Hemoglcbin (g/dL) 147 13175
Leukocytes {cells/mm’) 8100 4,000-11,000
Lymphocytes {cells/mm’) 1,701 1,000-3,500
Platelets (number/mm’) 253,000 150,000-450,000
C-reactive protein (mg/dL) >06 <086
Aspanate transaminase (U/1) 12 <37
Alanine transaminase (U/L) 28 <41
Creatine phosphokinase (U/L) 490 <190
Anti SSA, Anti SSB antibodies Negative Negative
ANCA antibodies Negative Negative
Erythrocyte sedimentation rate (mm) 46 0-15
Antiaquaporin-4 antibody Negative Negative
Serum Varicella-Zoster IgM 065 <08
HIV antibody test Negative Negative
Anti-CMV IgM (AU/mL) 017 <10
Anti-CMV 1gG (AU/mL) 1.10 <05
Anti-HBs hepatitis B (mlU/mL) <20 <100
Vitamin B12 (pa/mL) 353 211-91
Serum Varicella-Zoster IgG (Ul/mL) 567 > 110
VORL Non-reactive Non-reactive
Anti-HCV hepatitis C antibedy Non-reactive Nen-reactive
Antinuclear antibodies Non-reactive Non-reactive
Rheumatoid fator Non-reactive <6
Potassium (mmael/L) 40 35-5.1
Calcium jonized (mg/dL) 8.7 B.6-103
Magnesium (mg/dL) 18 16-26
Blood Urea Nitrogen test {mg/dL) 24 15-50
Creatinine (ma/dL) 08 05-13
Analysis of cerebrospinal fluid
Cells {cells/mm’) 30 04
Cells differential 70% lymphocytes -
Protein (mg/dL) 613 15-45
Glucese (mg/dL) 59 -
VDRL Not reactive Not reactive
Gram stain Negative Negative
India ink stain Negative Negative
Acid-fast stain Negative Negative
— = = FIGURE 2: Results of laboratory tests. = —
ACKNOWLEDGMENTS cases. J Neurovirol. 2021;27(5):791-6. Available from: https;/doi.

org/10.1007/s13365-021-01010-x. Epub ahead of print. PMID:
34449062; PMCID: PMC8393787.

Roman GC, Grada F, Torres A, Palacios A, Gracia K, Harris D. Acute
Transverse Myelitis (ATM): Clinical Review of 43 Patients With COVID-
19-Associated ATM and 3 Post-Vaccination ATM Serious Adverse
Events With the ChAdOx1 nCoV-19 Vaccine (AZD1222). Front
Immunol. 2021;12:653786. Available from: https.//doi.org/10.3389/
fimmu.2021.653786. PMID: 33981305; PMCID: PMC8107358.

Khan E, Shrestha AK, Colantonio MA, Liberio RN, Sriwastava S.
Acute transverse myelitis following SARS-CoV-2 vaccination: a case
report and review of literature [published online ahead of print,
2021 Sep 5). ) Neurol. 2021;269:1121-32. Available from: https://doi.
org/10.1007/s00415-021-10785-2

98




?frontiers | Frontiers in Psychiatry

@ Check for updates

OPEN ACCESS

EDITED BY
Katie Palmer,
Karclinska Institutet (KI), Sweden

REVIEWED BY
Joey Ward,

University of Glasgow, United Kingdom
Sonia Martins,

University of Porto, Portugal

*CORRESPONDENCE
José Wagner Leonel Tavares-Junior
wagnerleoneljr@ gmail.com

"These authors have contributad
equally to this work

SPECIALTY SECTION

This article was submitted to
Aging Psychiatry,

a section of the journal
Frontiers in Psychiatry

RECENVED 25 May 2022

accerTeD 11 July 2022
PUBLISHED 10 August 2022

CITATION

Tavares-JMnior WL, Oliveira DN, da
Silva JBS, Feitosa WLO, Sousa AVM,
Cunha LCV, Gaspar 5dB, Gomes CMP,
de Oliveira LLE, Moreira-Nunes CA,
Montenegro RC. Sobreira-Neto MA
and Braga-Neto P {2022) Long-covid
cognitive impairment: Cognitive
assessment and apolipoprotein £
(APOE} genotyping correlation in a
Brazilian cohort

Front. Psychiatry 13:947583.

doi: 10.3389/fpsyt 2022 947583
COPYRIGHT

© 2022 Tavares-Janior, Oliveira, da
Silva, Feitosa, Sousa, Cunha, Gaspar,
Gomes, de Olweira, Moreira-Nunes,
Montenegro, Sobreira-Neto and
Braga-Neto. This is an open-access
article distributed under the terms of
the Creative Commans Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiersin Psychiatry

99

ARTIGO 3 PUBLICADO

rree Original Research
PUELISHED 10 August 2022
ool 10.3389/fpsyt 2022 047583

Long-covid cognitive
impairment: Cognitive
assessment and apolipoprotein
E (APOE) genotyping correlation
in a Brazilian cohort

José Wagner Leonel Tavares-Junior**!,

Danilo Nunes Oliveira', Jean Breno Silveira da Silva®,
Werbety Lucas Queiroz Feitosa!, Artur Victor Menezes Sousa?,
Leticia Chaves Vieira Cunha®, Safira de Brito Gaspar?,

Carmem Meyve Pereira Gomes?,

Lais Lacerda Brasil de Oliveira?,

Caroline Aquino Moreira-Nunes?,

Raquel Carvalho Montenegro®, Manoel Alves Sobreira-Neto®
and Pedro Braga-Neto'®

!Meurclogy Section, Departrment of Clinical Medicine, Faculty of Medicine, Federal University of
Ceara [UFC), Fortaleza, CE, Brazil, *Drug Research and Development Center (MPDIM)
Pharmacogenetics Laboratory, Federal University of Ceard (UFC), Fortaleza, CE, Brazil, *Center of
Health Sciences, State University of Ceard, Fortaleza, CE. Brazil

Introduction: Few studies have objectively evaluated cognitive deficits after
the acute phase of COVID-19 disease. Moreover, the role of apolipoprotein E
(APOE) genotypes in cognitive decline in patients with COVID-19 has not been
evaluated yet.

Methods: This cross-sectional study was conducted in confirmed cases of
COVID-19 patients with neurological symptoms that persisted for more than
3 months from the onset. We determined APOE genotypes.

Results: The final sample consisted of 141 patients. The most frequent APOE
genotype was E3/E3 (N = 95; 67.3%). In total, 93 patients (65.9%) had memory
impairment symptoms as the main complaint, objectively confirmed through
screening tests in 25 patients (17.7%). Patients with cognitive impairment had a
lower frequency of anosmia than the normal and subjective cognitive decline
(SCD) groups (p = 0.005). In addition, depression was recurrent in the cognitive
impairment group and the SCD group (p = 0.046). Cognitive impairment was
significantly more frequent in hospitalized patients and those with a lower
education level. Cognitive status was not associated with APOE genotypes.

Discussion: Hospitalized patients had more severe infection with a greater
possibility of systemic complications, greater inflammatory response, and
prolonged hospitalization, which could impact cognitive performance.
Cognitive impairment in patients with COVID-19 does not necessarily involve
specific APOE polymorphisms. However, psychiatric disorders may also be
responsible for cognitive complaints. Cognitive complaints are frequent in
patients with COVID-19, even after the acute phase of the disease and in mild
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cases. Hospitalized participants and depressed patients may have a higher risk
of cognitive impairment. APOE genotypes or haplotypes may not significantly
play a role in COVID-19 cognitive impairment.

HEYWORDS

COVID-19, cognitive impairment, SARS-CoV-2 infection, dementia, risk factor

Introduction

The COVID-19 outhreak started in Wuhan, China and
was declared a pandemic by the World Health Organization
(WHO) on 11 March 2020, with high infection and mortality
levels worldwide.* COVID-19 has a wide range of clinical
manifestations, such as neurological manifestations (1, 2). In
a study conducted in Wuhan, 36.4% of the patients had
some neurological manifestation, with central or peripheral
neurological involvement, such as dizziness, headache, altered
level of consciousness, stroke, ataxia, and epilepsy (3).

Aside from general neurological manifestations, cognitive
impairment was evaluated in different COVID-19 phases.
A Chinese study evalvated the cognition of 29 patients
with COVID-19, correlating cognitive complaints to high
C-reactive protein (CRP) levels during the diseases acute
phase (4). Another study evaluated cognitive impairment
in outpatients using the Montreal Cognitive Assessment
(MoCA), finding cognitive impairment in patients with mild
symptomatic COVID-19 after 12 weeks of COVID-19 onset (5).
Moreover, different cognitive presentations have been described
in acute patients, such as encephalopathy associated with
severe conditions and akinetic mutism associated with frontal
hypometabolism in brain fluorodesxyglucose (FDG)-FET (6. 7).

More severe COVID-19 manifestations in patients have

been correlated with the APOE-4 allele of the apolipoprotein
E (APOE) gene (8). This association is significant since the
same allele confers a higher risk of sporadic Alzheimer’s disease
(ADY) (9). Furthermore, a previous study showed that single
nucleotide polymorphisms (SNPs) rs429358 and 7412 of the
APOE gene are associated with ischemic cerebral infarction,
which is essential given the contribution of cerebrovascular
diseases in the pathophysiology of many dementia cases (10, 11).
Ag far as we know, no publications have evaluated cognitive
manifestations after COVID-19 and correlated them with APOE
polymorphisms. Similarly, we observed a limited number of
studies in the literature evaluating cognitive manifestations in
patients after the COVID-19 acute phase.

This study aimed to determine the relationship between
COVID-19 and cognitive impairment and APOE gene
polymorphisms in an outpatient public university hospital in
Mortheast Brazil.

1 hitps/ fenwes whodintfemergenci es/diseasesnovelcomonavirus- 2019

laccessed Auwgust 17, 2021)
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Methods

Patients and clinical assessment

This cross-sectional study was conducted with COVID-
19 outpatients at the Walter Cantidio University Hospital in
Fortaleza, Northeast Brazil. Patients were recruited from July to

August 2020 from an ongoing prospective longitudinal study by
our research group.

We included patients with a diagnosis of COVID-19
confirmed in the past 12 months by nasal swab reverse
transcription  (RT)-polymerase chain reaction (PCR) or
serological test, with any neurological symptom that persisted
for more than 3 months from the onset. We excluded patients
who did not undergo confirmatory testing for COVID-19
and those without neurological complaints (e.g., headaches,
cognitive complaints, and others). Evaluations were performed
in the neurology cutpatient clinic of the Walter Cantidio
University Hospital of the Federal University of Ceard, Brazil.

Patients were clinically evaluated by two independent
neurologists (JWLT] and DNO). The same clinical evaluation
and identification form was applied to all patients. Age, gender,
schooling, initial neurological symptoms, haospitalization,
COVID-19 test type, complementary tests, comorbidities,
alcohol abuse, and tobacco history were questioned. Moreover,
the Medical Research Council (MRC) dyspnea scale was applied

to assess dyspnea before and after COVID-19 (12).

Cognitive assessment

Participants were submitted to Addenbrooke= Cognitive
Examination-Revised (ACE-R), the Mini-Mental State
Examination (MMSE), and the Clinical Dementia Rating
(CDR). Pfeffers instrumental activities of the daily living
scale were applied to assess functionality, and the Geriatric
Depression Scale (GD3) was applied to assess mood, or the
Beck Inventory, depending on the age of the patient (13-18).
Furthermore, the Prospective and Retrospective Memory
Questionnaire (PRMO) scale was applied for retrospective
memory assessment (19). The values of 58, 76, and 83 were
used as the cutoff points for the ACE-R. respectively, for <4,
4-8, and = 8 schooling years (20, 21). Concerning the MMSE,
we employed the cutoff points of 19 and 24, respectively, for
0 and up to 4 schooling years (22, 23). In addition, patients
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were defined as healthy if CDR = 0 and cognitively impaired
it COR = 0.5 (15). Functional impairment was defined by
a score of 3 on the Pfeffer scale (24). Regarding psychiatric
evaluation, we used a cutoff point of 3 on the GDS and 10 on
the Beck inventory to diagnose depression (18, 25). In this
study. cognitive impairment was defined when a cognitive
complaint was confirmed by screening tests, regardless of
functional impairment. Patients with cognitive complaints
without objective impairment in the tests performed were
characterized as subjective cognitive decline (SCD) (26).

APOE genotyping analysis

According to the manufacturers instructions, the patient’s
blood samples were collected in EDTA tubes, and subsequently,
genomic DNA was extracted from peripheral blood leukocytes
with the commercial PureLink™ Genomic DNA Mini Kit®
(Invitrogen) (25). APOE genotypes were determined by real-
time PCR {gPCR) using the TagMan™ allelic discrimination
system (Taghan™ SNP Genotyping Assay, ThermoFisher®)
(26). To this end, we uwsed probes per sequences provided
by the manufacturer: C__ 3084793 20 (rs429358) and
C____ 904973_10(rs7412), observing the information contained
in the catalog number: 4351379, and similar protocols were used,
described in the literature, for performing the technique. All
analyses were performed in the QuantStudio™ 5 qPCR platform
{Applied Biosystems™, Foster City, CA, USA) (27) & 34 5

Statistical analysis

Categorical data were expressed as absolute counts and
percentages. Chi-square tests were used to evaluate the
association among categorical data. Continuous data were
first evaluated for normal distribution using the Kolmogorov-
Smirnov test (28). Normal data were expressed as mean
+ standard deviation (SD) and non-normal data as the
median and interquartile range (IQR). Continuous data were
compared among three groups per cognitive impairment
(normal or cognitive unimpaired [CU] vs. cognitive impairment
vs. subjective cognitive decline [SCD]). We compared normal
data using one-way ANOVA with Tukey’s past hoc fesf, and we
adopted the Kruskal-Wallis test with Dunn'’s post hoc test for
non-normal data (29). We analyzed data using SPSS software for

2 hitpsd Meweer thermafisher comiordercatalog/preduct M 1B20024 )
K182002

hittpeaf fanwes thermofisher cormdorder catalog /prodect FA351 3798/
4351379
4 hitpsd fewees thermofisher.comiorder/genaome - database/ details/
genotyping/C___30B4703_207CID=6ICID=&tubtype=
5 hitgsd fewees thermofisher. comiorder/genaome - database/ details!

genotyping/C B04973_107CID=&ICID=Fwublypa=
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Macintosh, version 23 (Armonk, NY: IBM Corp.). Values of p <
0.05 were considered statistically significant.

Ethical aspects

The Besearch Ethics Committee of the Walter Cantidio
University Hospital approved the study project under the
number 4.092.933. All patients signed an Informed Consent
Form with the right to privacy and confidentiality of the
information obtained and could refuse to participate in the
proposed activities and questions.

Results

In total, 207 individuals were screened, of which 66 were
excluded (48 for not having performed blood collection, 10
for ot showing neurological symptoms, and £ for not having
tested positive for COVID-19 through tests) (Figure 1). The
final number of patients included in this study was 141, and all
the following analyses were conducted on them. Patients were
evaluated, on average, 4.5 months after COVID-19.

Table | presents a descriptive summary of the patients’
characteristics. There was a female predominance (63.1%).
The mean age was 48 years (16-90 5D = 14), with most
patients having schooling =12 years (54.6%) (Figure 2). Most
patients were not hospitalized in the acute phase of the disease

(65.2%), and a minority had a severe clinical condition requiring
admission to the intensive care unit (ICU) {3.5%). The most

frequent APOE genotype was E3/E3 with 67.3% of cases, with
a predominance of the E3 allele (96.5%); the second was the
genotype E3E4. corresponding to 23.4% of all cases, and the
E4 allele (262%). In addition, 93 of the 141 patients (65.9%)
had memory impairment symptoms as the main complaint.
However, such complaint was objectively confirmed through
screening tests in 25 patients {17.7%). In patients with cognitive
impairment, we detected new dementia or deteriorated previous
dementia in 2.8% of the total sample.

Regarding ACE-R and its sub-items evaluation, the cognitive
impairment group showed a worse profile in total ACE-R and
all sub-items (Tables 2, 3). The cognitive impairment group had
decreased total ACE-R and sub-items than the normal and SCD
groups (p < 0.001) (Figure 3).

Furthermare, other tests showed alterations in the cognitive
impairment group. The MEEM score decreased in the cognitive
impairment group compared with the normal and SCD groups
{median of 23.5 [IQR of 17.5-26.5] vs. 29 [28-30] vs. 29 [28-
30]. respectively. p = 0.001). Concerning Beck's depression
inventory, a statistical difference was only observed between
the SCD group and the normal group, where SCD had
increased levels (p = 0.030). Regarding Pfeffer’s score, cognitive
impairment had increased levels compared with the normal and
SCD groups (Tahle 4; Figure 4). Before and after, there was no
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research visit

207 participants attended a

> 10 without neurological

141 were included in analysis

FICLIRE 1

Flows diagrarm of participants. *E.g., headache, anosmia

« Gbexcluded from analysis
48 refused blood sample
collection

complaints®
8 without COVID  -19
diagnostic test

TABLE 1 Participant demographics, clinical characteristics, APDE

genotype and cognition impairment.

Variables

Hespitalization
Ko

Yes

APOE genotype
EXE2

EXE3

EXEa

E3/E3

E3/Ea

E4/Ea

APOE allele

E2

E3

E4

Cognition
Normal

1

D

CL cognitive impaired: SCD, Subjective cogritive decline.
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5

[

36.9%

L

18%
4.3%
121%
26 2%

54.6%

B5. 2%

15.5%

0.T%
5%
0.T%
7. 3%
23.4%
1%

S 5%

26 2%

34,00%
I7. 7%

48. 2%

statistical significance between the groups for evaluations with
other scores, such as PRMQ, GDS, and MREC.

Table 5 shows the correlation between patients’ cognitive
impairment and other symptoms (anosmia, depression, and
headache). The cognitive impairment group had a lower
frequency of anosmia than the normal and SCD groups (4 vs. 40
va. 34%, respectively, p = 0L005). Depression was more frequent
in the CD and cognitive impairment groups than in the normal
group (50 vs. 40 vs. 27%, respectively, p = 0.046). A total of 48
patients developed depression after COVID-1%. In total, nine
patients were hospitalized in the acute phase of the disease.
Moreover, they had a mean ACER score of 857 [62-99), 63%
were women, and the mean age was 43.4 years.

Table & shows patients’ demographics and APOE genotyping
with cognitive status correlation. Cognitive status had no
association with APOE genotypes (p = 0.840) oralleles [ Table 6).
Conversely, the cognitive impairment was significantly more
frequent in hospitalized patients and those with a lower
education level (Table 6). Table 7 describes age comparisons
concerning patients’ cognitive status. The cognitive impairment
group was significantly older than the SCD and normal groups
(Table 7; Figure 2).

Discussion

Cognitive complaints are common during and after COVID-
19, but few studies have objectively evaluated such complaints,
especially after the acute phase of the disease (5). Furthermore,
the literature has not vet reported the assessment of specific
APOE haplotypes or genatypes with such cognitive complaints
after COVID-19. In this study, we evaluated an ouotpatient
population. Cognitive changes were the main complaints, even
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TABLE 2 Total ACER, ACER subitens, MMSE, PRMQ, Beck, GDS, Pfeffer, and MRC scores.

Instruments Mean Minimum Maximum Standard deviation Median Mean (95%CI)
LL UL
Total ACE-R 425 1200 T 151 470 800 5.1
Attention and orientation 165 40 180 18 180 16.1 17.0
Memory 194 i 280 51 2kt 18.6 203
Fluency 56 i 141 31 Lk a1 11
Language 15 40 280 43 250 27 243
Visucspatial 136 i 200 19 14.0 15.1 14.0
MMSE 74 Lk LT 37 2410 268 10
PRMC} 74 50 250 40 50 63 77
Beck 52 i 00 a6 i a0 64
GDS 37 i 1200 is 1) 21 53
Pfeffer 17 i LT a7 i 0.6 18
MRE before i i 20 az i 0 il
MR after 6 i 1) as i 0.4 07
LL, Lewer limit; UL, Upper limit: ACE-B. Addenbeooke’s Cogitive Examsination-Revised; COR, Clinical Demsentia Rating: MMSE, Mini-Mental State Exassination; MRC, Medical

Research Council; GDS, Geriatric Depression Scale; PRMO), Prospective and Retreapective Memory Questonnaines scale.

in mild cases with a low mean age of 48 vears and an average was more common in subjects with SCID compared to the
assessment of 4 months after the COVID-19 diagnosis. Analyzed normeal group.
by a cognitive screening instrument, we confirmed objective Other studies have evaluated the association between

cognitive deficits in some subjects. Furthermore, depression cognitive  impairment and COVID-19, both in the
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acute/subacute phase (<12 weeks) or after this period (=12
weeks) of the disease (30, 31). This differentiation is crucial
since other factors can contribute to cognitive complaints,
such as hospitalization, hypoxemia, and delirium in the acute
phase of the disease (32-34). Our study, for example, found
a significantly higher number of subjects with cognitive
complaints and cognitive impairment hospitalized during the

TABLE 3 Total ACE-R and sub scores comparison in rel of
patients cognitive status.
Cognitive status
Normal CI (n =25) SCD P-value*
(n=48) (n =68)

Total ACE-R 89 (81-93)  65.5(46.5-76) B9 (84-92) <0.001 *
Attentionand 18 (17-18) 14 (10-17.5) 18 (17-18) <0.001 *
orientation
Memory 2(19-24)  125(10-155)  21(19-23) <0.001*
Fluency 11(8-12) 6.5(3.5-8) 11(9-12) <0.001*
Language 25(24-26) 21(15-225) 25(24-26) <0.001*
Visuospatial 14 (13-16) 11(8-13) 15 (14-16) <0.001*

Continuous data expressed as median and interquartile range between parenthesis.
*Kruskal - Wallis test was applied with Dunn post-test. A: p < 0.001 between Clvs. SCD,
and p < 0.001 between CI vs. Normal.

10.3389/fpsyt. 2022 947583

acute phase of the disease. Possible explanations could be
that hospitalized patients had more severe infection with a
greater possibility of systemic complications, more significant
inflammatory response, and prolonged hospitalization, all
related to worse cognitive performance (33, 34). Negrini et al.
evaluated cognitive impairment in discharged patients and
demonstrated that cognitive malfunctioning appears to be
linearly associated with the length of stay in the intensive care
unit (35). Furthermore, two recent systematic reviews, one
with meta-analysis, found a lower general cognition in patients
with COVID-19 (36, 37). The meta-analysis with the Montreal
Cognitive Assessment (MoCA) showed lower scores for patients
with COVID-19 compared to healthy controls (37). Conversely,
other factors may account for the symptoms after the acute
phase, such as inflammatory markers (4). This last finding is
important, as previous evidence shows a possible causal role of
microglial infl. and Alzheimer’s di (38).

To correlate a possible genetical predisposition and
a significant risk of developing cognitive impairment, we
performed an APOE genotyping for SNPs rs429358 and
rs7412 in those patients, which are widely discussed in the
literature as responsible for increasing the risk of dementia
and cognitive impairment (39-42). APOEs play a vital role
in lipid transport and metabolism, thus influencing the risk
of cardiovascular disease (10). They also have neuroprotective
functions, including the E4 haplotype associated with an

CL cog paired; SCD, Subj gnitive decline.
A B c
1 = 1= ™ = |
- —— ° e N 1
]
1 ] L
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(o] E F
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H
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FIGURE 3

Box-plat representing total ACE-R and subitens scores comparison in relation of patients cognitive status. (A) Total ACE-R; (B) Attention and
orientation; (€) Memory; (D) Fluency; (E} Language; [F) Visuospatial. *Kruskal-Wallis test was applied with Dunn post-test. () p < 0,05 between
Clws. SCD and Mormal Cl, coginitve impaired; SC0, subjective cognitive decline.
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increased risk of Alzheimers disease (9). The E3 allele, in turn,
does not display a greater or lesser risk of developing Alzheimer’s
disease. Most of our sample had E3/E3 genotype (67.3%), and
the E4 allele was detected in 26.2% of the cases, similar to
previous studies in the Brazilian population where the E3/E3

TABLE 4 MEEM, PRMQ, Beck, GDS, Plefier, and MRC scores
comparison in relation of patients cognitive status.

Cognitive status

Normal CI (n = 25) SCD P-value*

(n=48) (n=68)
MEEM I(28-30)  235(175-265)  29(28-30) <0.001%
PRMQ) 5(5-5.5) 5(5-13) 5(5-7) 0.079
Beck 0({0-5) 15 (0-14.5) 4(0-12) 0.030°
GDS 3{0-4) 3(2-11) 1.5 (0-6) 0407
Pleffer 0 (0-0) 0{0-22) 0(0-0} <d.001%
MR before 0 (0-0) 0(0-0) 0(0-0} 0.585
MRC after 0io-1) 0(0-1) 0{0-1} 0333

Continuous data expressed as median and interquarntile range between parenthesis. The
bald values indicate the statistically significant signaled values.

*Kruskal-Wallis test was applied with Dunn posttest

Arp < 0001 between Cl v SCD and p < 0001 between 1 v=. Nommal.

B: pr = 0,024 between Normal vs. SCD.

CL cognitive impaired; SCD, Subjective cognitive decline.

10.3359/ fpsyt. 2022 947583

genotype was predominant (43). Our study did not evidence
significant difference between groups regarding genotypes found
or specific alleles, perhaps due to a low number of participants,
mainly in the cognitive impairment group, despite a trend
of a direct correlation between the cognitive impairment/SCD
groups and the E4 allele, the same implicated in an increased risk
of sporadic Alzheimer’s disease (9). However, other factors could
trigger cognitive impairment and do not necessarily involve
specific APOE polymorphisms, such as inflammation, cerebral
ischemia, and hypoxemia To the best of our knowledge, no
study has evaluated this association of post-COVID cognitive
impairment with APOE polymorphism to date.

After the acute disease phase of COVID-19 infection, some
patients have described some persistent symptoms, such as
memory complaints, recetving the name “long-haulers” by some
authors (44). This clinical picture is similar to that of myalgic
encephalomyelitis/chronic fatigue syndrome and the symptoms
described after influenza (45, 46). However, post-COVID-19
symptoms occur at a higher frequency than influenza (46).

In this study, memory complaints without objective
evidence were common and found in 65.9% of patients.
Similarly, objective cognitive impairment detected through
screening tests oceurred in 17.7% of patients. These two
backdrops refer to subjective cognitive decline and mild
cognitive impairment conditions, whose gold standard for the
diagnosis lies in extensive neuropsychological assessment not
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Box-plot representing MEEM, Beck and Pfeffer comparison in relation of patients cognitive status. (A) MMSE; (B) Beck; (C) Pfeffer. The astenisk
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TABLES Comparison between cognitive impairment in relation to
other symptoms.

Cognitive status
Normal=48 Cl=25 SCD=68 P-value*

n (%) n (%) (%)
Anosmia 0.005
No 19 (60.4) 2 (96) 45 (66.2)
Yes 19 (39.8) 1{4) 13 (33.8)
Depression 0.046
No IF(729) 15 (60} 34 (500
Yes 13 (27.1) 10 (400 34 (500
Headache 0291
No IF (7Y 19 (76} 44 (64.7)
Yes 11 [(x29) 6 [(24) 1 (35.3)

Categorical data expressed as shsolute count and percentages between parenthesis. The
bald values indicate the statistically significant signaled values.

*Chi-square test was used.

CL, cognitive impaired; 5C, Subjective cognitive decline.

performed in these patients (26, 47). These conditions are
essential given the possible progression to Alzheimer’s disease
(48, 49).

Psychiatric disorders may also be responsible for cognitive
complaints (50). In our study, subjects with SCD had
significantly higher scores on Beck’s depression inventory than
the normal group, which is relevant since patients with SCD
had more depressive symptoms (26). Furthermore, Ismael et al.

of paticnis Tiad dépressive symploms 3 monihs after IAfection
(51). Moreover, the impact on patients’ lives also contributes to
depressive symptoms (52).

In addition, our study found an inverse correlation between
cognitive impairment and anosmia, which was in disagreement
with other studies. Cristillo et al. found a direct association
between cognitive impairment and olfactory dysfunction in
patients after COVID-19 but in an old sample, making it possible
as a brain aging marker (53). Previous studies demonstrated that
olfactory dysfunction occurred in elderly patients along with
cognitive impairment as brain aging markers (54). Finally, our
study did not find associations between cognitive impairment
and headache. Notwithstanding this, this association between
headache and cognitive impairment can be found in patients
after the acute phase of COVID-19 (55).

The most affected cognitive impairment group domain in
ACE-R sub-items was the memory, as found in other studies
(56, 57), which is relevant because limbic structures may suffer
from inflammation (58). Hosp et al evaluated brain PET-FDG
in patients with acute phase COVID-19 and showed limbie
involvement besides other brain structures (30). There was also
a worse performance in the other ACE-R sub-items of altention,
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TABLE 6 Comparison between patients demographics and APOE
genatype in relation to cognitive status.

Cognitive status
Normal=48 Cl=125 SCD=68 P-value*

m (%) n (%) n (%)
Gender 0104
Fermale 212 {d5.8) 11 (44} 19(279)
Male 26(54.2) 14 (58] 48(711)
Scholarity (years) <0001
Until 8 years 5(10.4) 12 (48) 10{14.7)
9 years ar maore 43 (89.6) 13(52) 5B (85.3)
Hospitalization <0001
Mo 34i(781) 9 (36) 48 (81.7)
Yes 2(2.9) 16 (64 11(18.3)
APOE genotvpe 0540
EXE2 o o (a} 1{L3}
EXNE3 24.2) 21(8) 4(5.9)
EXE4 o o (a} 1{L3}
E3E3 I7FI) 16 (64) 42(61.8)
E3Ed B(16T) 6 (24) 19(279)
EA/Ed 1§21} 1 {4} 1{L5}
APOE allele
EX 2i4.2) 2(8) 6 (8.8) 0.618
E3 47 (97.9) 24 (96) 65 (95.6) 0.793
Ed QII8E) 7 (28) 21 {309) 0335

Categorical data expressed as ahsolute count and percentages between parenthesis. The
bold vabaes indicate the statistically significant signaled values,

*Chi-square test was used.

CI, cognitive impaired; SCT, Subjective cognitive decline.

TABLE 7 Total sample age and according cognitive status.

Age (years)
Mean Standard Minimum Maximum P-value®
deviation

Tutal 48 14 16 20
sample
Cognitive <0001
status

Mormal 44 13 17 (=)

1 &0 15 23 20

sCD 45 13 1a 74

*ANOVA test was applied with Tukey post-iest for multiple comparisons: p = 0001
between 1 vs. SCFand p = 00001 between Cl vs. Mormal.

fluency, language, and visuospatial funetions, but it was lighter
than the memory sub-item.

Our study has some significant limitations. First, there
was no control group. Additionally, our study has a selection
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bias, as we selected patients with newrological symptoms. We
also did not perform a broader newropsychological assessment
to determine which cognitive domains were more affected
and objectively assess other patients with subjective memory
complaints without objective evidence in screening tests.
Furthermore, a neuropsychological assessment is part of the
diagnostic criteria for cognitive impairment and SCD; as it was
not pm:ﬁ:»nncd. the di.agm:lsi.s of these conditions was impaired.

Moreover, despite differences found between cognitive
impairment and normal/SCD groups’ ACE-R scores, we should
mention that there were essential differences between these
groups regarding age and schooling, respectively, lower and
hlghcr in the normal/SCD groups, which may explain these
differences found in ACE-R. Furthermore, selecting patients
whose symptoms persisted for more than 3 months created
a noteworthy bias since those whose symptoms disappeared
before this period did not seek care. Furthermore, as the number
of dementia cases found was low, we did not adjust for the total
sample, and this study may achieve only a moderate effect if it
exists since the total sample size should be n = 1,283 to achieve a
small effect (w = 0.3) with a power of 80% for an association
between APOE status and cognition on independence tests
(55). Finally, there was no neuraimaging evaluation, prttludlng
analysis of associations between complaints and radiological
correlations. Nonetheless, this study is the most extensive series
of patients so far, emphasizing cognitive complaints in an
outpatient setting after the diseases acute phase. Furthermore,
our sample consisted of patients with mild forms of the disease
and after the acute and subacute phases of the disease, allowing
us to show the persistent symptoms even in this population.
Finally, APOE polymorphism analysis and possible associations
with other symptoms strengthen our study.

In conclusion, our study helps to build knowledge about
patients with post-COVID-19 cognitive manifestations. Our
study reveals that cognitive complaints are common in patients
with COVID-19, even after the acute disease phase and in
mild cases, similar to other studies in the literature (36, 37).
Hospitalized participants may have a higher risk of cognitive
impairment. Moreover, APOE genotypes or haplotypes may not
significantly play a role in the COVID-19 cognitive impairment.
Longitudinal follow-up of these patients is critical to determine
whether this cognitive impairment persists after a certain
period. Furthermore, a neuropsychological assessment of these
patients is crucial for better characterization of SCD or MCI
and determining the most affected cognitive domains. Finally,
it would be necessary for those with cognitive impairment
te evaluate biomarkers of neurodegenerative diseases in
cerebrospinal fluid or plasma. such as amyloid Beta 1-
42, phosphorylated tau, and light chain neurofilament, thus
bringing a link between COVID-19 and the onset or worsening
of neurodegenerative diseases (60, 61).

103389/ fpsyt. 2022 047583

Data availability statement

The raw data supporting the conclusions of this
article will be made available B}r the authors, without

undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Research Ethics Committee of the Walter
Cantidio University Hospital under the number 4.092.933. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

Conception and design of work: JT-], MS-N, and PB-N.
Acquisition, analysis, or interpretation of data and work
and drafting the work: JT-] and PB-N. All authors were
involved in the critical review of the manuscript for important
intellectual content.

Funding

The authors are grateful to the Brazilian National Council
for Scientific and Technological Development (CNPg) for
the funding of the Fellowship to authors PB-N and RM; to
the Coordination for the Improvement of Higher Education
Personnel—Brazil (CAPES) for the funding to authors PB-N and
RM (BE881.505364/2020-01); and to the Ceard Foundation to
Support Scientific and Technological Development (FUNCAP)
for the funding to author CG.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

107



References

1. GGuan WI, Ni Z¥, Hu ¥, Liang W-H, Ou C-q, He J-x, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl | Med. (2019)
382:1708-20. doi: 10,1056/ NE]MoaZ 002032

1 Wu Y, Xu X, Chen Z, Duan ], Hashimoto K, Yang L, et al. Nervous system
involvement after infection with OOVID-19 and other coronaviruses. Brain Befray
Tmemun (3020) B7:18-22. doi: 10,1016/ bhi 302005031

3. Mao L, in H, Wang M, Hu ¥, Chen 5, He ), et al. Neurologic Manifestations
DE Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China. JAMA
L (2020) 77:683-%0. doi: 10.1001fjamaneural 20201127

d_Zhou H, Lu 5, Chen L\'l'EiN,WmtsD,]_ruH,d al“elaldsmped’unﬁu
function in recovered COVID-19 patients. | Psyclriatr Res (3020) 129:98-102.
doiz 10.1006/] jpsychires. 2020.06.022

5. Dhel Brutto OH, Wu 5, Mera BM, Costa AF, Recalde BY, lssa NP. Cognitive
decline among individuals with history of mild symptomatic SARS-ColV-2
infection: A kngitudinal ive study nested to a population cohort, Ear |
Newrol. (2021) 28:1-9. doi: 10,111 1/ene. 14773

6. Delorme ©, Paccond O, Kas A, Hesters A, Bombois §, Shambrook P
et al. COVID-19-related encephalopathy: a cise series with brain FDG-positron
emission  boamio .fmcmputnd |DUI:IE|1P|I:( flmlmF Eur T Nzum?csill:lll:lﬂ
27:3651-7. doi: 10,1011/ ene 14478

7. Cani I, Barone V. [VAngelo B, Pisani L. Allegri V. Spinardi L. Frontal
encephalopathy related to hyperinflammation in COVID-19. | Newrol. {2021)
268:16-19. doi: 1001007/ 5004 15-030- 10057 -5

B Kuva CL, Pillinsl.c, Atkins JL, Masoli JAH, DE'@&:I I. Kuchel GGA, et al. APDE
ed genotype predicts severe COVID-19 in the UK Biobank community cohort. |
Gerontol A Biol Sci Med Sci. (2020) 75:2231-2. doi: ]ﬂ]mlra!n:lnm'ahal]l

9. Poirier . Davignon |, Bouthillier I, Kogan §, Bertrand P Gawthier §, et al.
Apolipoprotein E polymorphism and Alzhcimer's disease. Lancet. (1993) 342697~
9. doi: 10101 6/0140-67 36( 931917050

10. Wu H, Huang (3, Yu Z, Wu H, Zhong Z. The SNPs rs429358 and rs7412 of
APOE gene are association with cerebral infarction but not SNPs re2306283 and
rsd 149056 of SLCOIEL gene in southern Chinese Hakka population. Lipids Health
Dis. (2020) 19:202. doi: 10.1186/s12944-020-01379-4

11. Pendlebury 5T, Rothwell PM, Oxford Vascular 8. Incidence and prevalence
of dementia associated with transient ischaemic attack and stroke: analysis of
the ]lrpnla‘timl-lnn:d Oicford Vascolar stody. Loncet Newrol (2019) 18:248-58.
dod: 10 1006/51474-4422( 1 8)30442-3

12. Kovdis D, Segretti NO, Pmbst VS, Lareau SC, Brunetto AF, Pma F.
validation of the modified pul Istatusand d

heteroy us educational leve in Brazil. Int Prpchogeriatr. (2017} 29:1345-53.
dod: 10.1017/51041 61021 7000734

22. Herrera E Jr, Caramelli P Silveira AS, Nitrini R EPu:lmlnlnFu: survey af
dementia in a community-dwelling Brazilian population. Alsheimer Dis Assoc
Disard (2002) 16:103-8. dnL 101097 /000209 3- 200 20400000007

13, Brucki SMD, Nitrini B, Caramelli P, Bertoluccs PHF, Okamoto 1H. Sugesties
para o uso do mini-exame do estado mental no Brasil. Ang newropsiguiatr. (2003)
B1:T77-E1. dai: 10,1 390050004 - 28 XX 200300050001 4

24, Dutra, MC. Validaio do questionirio de Pleffer para
brasileira. 72 [Hssertacio (Mestrado em Ciéncias da
Catdlica de Brasilia, Brasilia (2014).

25, Almeida OF, Almeida SA. Conhabilidade da versio brasileira da Escala
de Depressio em Geriatria {GDS) versio redurida. Arg Nesropsiquintr. (1999)
57:421-6. dod: 10.1550/50004- 2E2 X 1999000300013

26. Jessen F, Anﬂ.ﬁ.ﬂiﬂ RE, van Boxtel M, Breteler M, Ceccaldi M, Chételar G,
et al. Subjective cognitive dedine initiative (SCD-I) working group. a conceptual
framework for research on subjective cognitive decline in preclinical alzheimers
disease. Alzfeimers Dement. (2014) 10:844-52. doi: 10,1016/ jale. 201 4.01.001

17. Koch W, Ehrenhaft A, Griesser K, Pleufer A, Maller [, Schamig A. et al.
TagMan systems for genotyping of disease-related ) isms present in
the gene encoding apolipoprotein E. Clin Chem Lab Med. (2002) 40:1123-31
doi: 101515/ cchm. 3002, 197

18, Comover W], Conover W]. Practical monparametric statistics. 3rd ed. New
York, NY [ohn Wiley & Sons {1959).

29, Akritas MG. rametric statisticnl methods. Jnd ed. First Published
August 1 {1999}, doi: 10.1177/0962 2029900800405

30, Hosp JA, Dressing A, Blazhenets G, Bormann T, Rau A, Schwabenlind
M. et al Cognitive impairment and altered cerebral metabaolism
in  the subacute stage of  COVID-19.  Brain. ld4:1263-76.
dod: 101093 /brain/awabi09

31, Amalakanti 5, Arepalli KVR. Jillells JP. Cognitive assessment
in  asymptomatic  COVID-19  subjects.  VirsDis  (2021)  32:146-9.
dod: 101007 /s13337-02 1 -0066 3w

32, Homarmand K, Lalli RS, Priestap F, Chen JL, Mclntyre CW, Owen AM,
et al. Natural History of Cognitive Impairment in Critical Hlness Survivors.
A systematbic review. Am [ Rupqr Crit Care Med. (2020) 202:193-201.
dui: 10,1164 recm. 1 1904-08 160

agio idosa
Dmdﬂ

(2021)

33 P(uh ER, (_hxn KS, Dinglas VD, Girard TD, Jackson JC, Morris PE, et al.

andlhemedsalrmrcﬁmuncilmkforuxmBrmhmpmemmlh
y disease. | Bras Preumol. (2008) 34:1008-18.
doi: 10.1590/S1806- 3/ umosoolzomos

13. MmhllLDamonK Mitchell |, AmnldR,Hodgu]R.'nchddmbrmku
C Revised (ACE-R}:a brief co, test battery for dementia
scmenmg. Int | Geriatr Psychiatry. (2006) 21:1078-85. doi: 10.1002/gps.1610

14. Folstein MF, Folstein SE, Mchugh PR. Mini-mental state: a practical method
for grading the itive state of patients for the clinician. J Psychiatry Res. (1975)
12:189-98. dot: lO 1016/0022- 3956(/5)”026-6

15. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new
clinical scale for the staging of dementia. Br | Psychiatry. (1982) 140:566-72.
doi: 10.1192/bjp.140.6.566

16. Peffer RI, Kurosaki TT, Harrah CH Jr, Chance M, Filos S. Measurement of
functional activities in older adults in the community. | Gerontol (1982) 37:323-9.
doi: 10.1093/geronj/37.3.323

17. Ys\:gelA.BkaLRou'lLLumO HumgVAdgyM da!

D and validation of 2 geri g scaleza p

rrpon.lPs;dlmtrRts {1982~ 1983) 17 31—‘9 doi: 10. |0[6m12 39%(82}9“)33‘
18. Beck AT, Steer RA. Beck Depression I y Manual. Psychological

Corparation, San Antonio.-Ref Ceiergifie B h Publishing, disponivel

em:, acesso em: 2 set 2020 (1993).

19. Benites D, Gomes \VB. The Pmspecuve and R:tmspe:uw Memory
Questi ire's (PRMQ) 1 and p idation. Psico-
USF. (2007) 12:45-54. doi: 10. ISWSNIJ BZIIWIM

20. Tavares Junior, José Wagner Leonel. Avaliapdo da acunicia da escala de
Addenbrooke como instrumento de rastreio cognitivo de pacientes idosos com baixa
escolaridade/José Wagner Leonel Tavares Jimior (2020).

21, (.ém KG. Ylsslxh hﬂ Puﬂu FHG. Brucki SMD, Nitrini R. Addenbrooke’s
and v data for seniors with

B

g among acute respiratory failure survivors: a cross-sectional
ev:hntum of the ‘Aml Mental State Examination. Crit Care. (2015) 19220,
doi: 10.1186/513054-015-0934-5

3. Sartori AC, Vance DE, Slater LZ, Crowe M. The impact of inflammation
on cognitive function in older adults: implications for health care practice and
research. J Newrosci. Nurs. (2012) 44:206. doi: 10.1097/JNN.Ob01 33182527690

SSquiniF.Fn'nliol." i D, Berchicci M, B i M, de Sire A,
etal. Neuropsychological f of severe hospitalized irus disease (2019)
patients at clinical and clues for postacute rehabilitation. Ardh Phys Med

Refeabil. (2021) 102:155-8. doi: 10.1016/j.apmr.2020.09.376

36. Tavares-Janior JWL, de Souza ACC, [WE Oli\'eirl DN. anueu:
Neto J1, Sobreira-Neto MA, et al. COVID-19 { a
systematic review. Cortex. (2022) 152:77-97. doi: 10. IDIGI;_:cnnJO.I.OUJM

37. Crivelli L, Palmer K, Calandri [, Guekht A, Beghi E, Carroll W, etal. Changu
in cognitive functioning after COVID-19: a 5y ic review and meta
Alzheimers Dement. (2022} 18:1047-66. dox: 10.1002/alz.12644

38. Mandrekar-Colucci §, Landreth GE. Microglia and inflammation in
Alzheimer’s disease. CNS Newrol Disond Druy Targets. (2010) 9:156-87.
doi: 10.2174/187152710791012071

39. Iharreta L, Gomez-Iskh T, Poﬂananchu A Parrilla R, Ayuso-
Parrilla MS. Apolipoprotein E genotype in of Alzheimer's or
Parkinson's disease. | Neurol Sa. (1995) 134: 146-9. dai: 10.1016/0022- 510X(95)
00238-3

40. Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux,
et al. Effects of age, sex, and ecthnicity on the association between
apohmum E genotype and abheimer disease. A meta-analysis. APOE

imer disease meta analysis consortium. JAMA, (1997) 278:1349-56.
doi: 10.1001/ama.278.16.1349

41. Zhen |, Huang X, Halm-Lutterodt V, Don§ S, Ma W, Xiao R, et al. ApoE
5429358 and rs7412 Polymorphism and gender of serum lipid profile

108




and cognition in aging Chinese population. Fromt Aging Newrosci, (2017} 9:248,
doi: 10,3388/ fnagi. 2017.00248

42, Gonzalez RD, Gomes 1, Gomes C, Rocha R, Durdes L, Sousa B, ot al. APOE
variants in an Therian Alzheimer cobort detected through an optimized sanger
sequencing protocol. Genes. (3021) 124, doi: 10,3390 genes1 2010004

43, Mendes-Lana A, Pena GG, Freitas SN, Lima AA, Nicolato RL, Nascimento-
Neto BM, et al Apolipoprotein E polymorphism in Brazilian dyslipidemic
individuals: Ouro Preto stody. Braz | Med Biol Res (2007) 40:49-54.
doi: 10 1580S0100-87 92200 7000100007

44. Graham EL. Clark JR. Orban Z5. Persistent neurologic symptems and
cognitive d ion in non-hospitalized Covid-19 “long haulers”. Ann Clin
Trarnsl Neural (2021) 8:1073-85. doi: 10.10022cn3 51350

45. Nath AMD. ].I:luE-I‘hl.I] COVID. Mls'nbgp {2020) 95:559-60.
dod: 100121 2/ WHN L 00000000000 106 40

46. Taguet M, Dercon (), Ludano §, Geddes JR, Husain M, Harrison P
Incidence, co-occurrence, and evolution Df]mg-Eﬂ\l'lD features: A f-month
retrospective cohort study of 273,618 survivars of COVID-1%. PLoS Med. (2021)
18:e1003773. dot: 10,1371/ journal. pmed. 1003773

47. Petersen RC. Mild cognitive impairment as a diagnastic entity. [ Intern Med.
(2004} 256:183-94. doiz 10.1111/5. 1365- 1796.2004.01 388 x

48. Walfsgruber 5, Polcher A, Koppara A, Kleincidam L, Fralich L, Peters O,
et al. Cerebrospinal Huid biomarkers and clinical progression in patients with
subjective cognitive decline and mild cognitive impairment. [ Alzheimers Dic,
(3017} 58:939-50. dod: 10.3233/JAD- 161252

49. Eckerstram €, Olsson E, Bjerke M, Malmgren H, Edman A, Wallin A,
et al. A combination of neuropsychological, neuroimaging, and cerebrospinal
fluid markers predicts conversion from mild cognitive impairment to dementia.
T Alzheimers Dis (2013) 36:421-31. doi 10.3233/]AD- 122440

50. Owmby RL, Crocco E, Acevedo A, John V, Loewenstein ). Depression and
risk for Alzheimer disease: systematic review, meta-analysis, and metaregression
analysis. Arch Gen Pychiatry. (2006) 63:330-8. doi: 10.1001 farchpsyc 63.5.530

5L Bmﬂﬁm[&&ﬂuﬂwtmnﬂlﬂ\.w FE, Torabes ], et al. Post-
infection depressive, anxiety and post-traumatic stress sympioms: 2 prospective
cohort study in patients with mild COVID-18. Prag Newropsychopharmacol Biol
Paychiairy. (2021) 111:1 W0341.. doi: 10. 1016/, prpbp. 20211 10341

52 COVID-19 Mental Dsorders Collaborators. Global prevalence and
burden of depressive and anxiety disorders in 204 countries and territories
in 2020 due to the COVID-19 pandemic. Laomcef. (2021) 398:1700-11
dioi: 10_1006/50140-6736(21 J02143-7

53, Cristillo ¥, Pilotto A, Cotti Fccinelli 5, Zoppi N, Banzi G, Gipponi 5,
et al. Age and subtle cognitive impairment are associated with long-term olfactory
dysfunction after COVID-19 infection. | Am Geriatr Soc. (2021) 69:2778-80.
dioi: 10.1 111/ 17296

54. Yahiaoui-Doktor M, Luck T, Riedel-Heller 5G, Loeffler M, Wirkne K,
. Obfactory function is assaciated with cognitive performance: results
from the population-based LIFE-Adult-Study. Alzhetmers Res Ther. (2019) 1143
doi: 10.1186/51 31%5-019-04%4 -2
55.  Martelletti P Bentivegna  E. Spuntarelli ¥, Lluociani M.
Long-COVID  Headache. SN Compr  Clin - Mad  (2021)  20:1-3.
dioi: 10.1080/14740338.2021.1907342

56. Jaywant A, Vanderlind WM, Alexopoulos G, Fridman CB, Perlis RH,
Gunning FM. Frequency and profile of objective :nﬂ:iﬁ\m deficits in hospitalized
patients recovering from COVID-19. Neurapsye Ipimrmaqugr_ (2021} 1-6.
doi: 10.1101/3020. 10.28 1022 1887

57. Puchner B, 5ahanic 5 Kirchmair K, Pirrini A, Sonnweber B, Wall E,
et al. Beneficial effects of multi-disciplinary rehabilitation in pestacute COVID-
19: an observational cohort study. Ewr | Phys Rehabil Med. (2021) 57:189-98.
doi: 10.23736/51973-9087.21 065497

58. Raz N, Rodrigue KM. Differential aging of the brain: patterns,

itive correlates and modifiers. Newrosci Biobehory Bev. (2006) 30-730-48.
doi: 101016/} neubiores 2006.07 0]

59. Cohen |. Statistical Power Analysis for the Behavioral Sciences. Routledge
(2013). doi: 10.4324/9780203771587

60, Palmgvist 5 Mattsson N, Hansson O. Cerebrospinal fhid analysis

detects cerebral 1022 amyloid-beta accumulation  earlier than  positron
emission tomography. Brain. (2016) 13%:1126-36. doi:  10.1093/brainfa
wwil 15

61. Palmqvist §, Janelidee 5, Quiroz YT, Zetterherg H, Lopera F, Stomrud
E, et al Discriminative accuracy of plasma Phospho-tau?17 for abtheimer
disease ws other neurodegemerative disorders. JAMA. (2020) 324:772-81.
doi: 10.1001/jama. 202012134

109






