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Resumo  

Introdução: O surto de SARS-CoV-2, que se iniciou em dezembro de 2019, rapidamente se 

tornou uma ameaça à saúde pública, tendo sido decretada pandemia pela Organização Mundial 

de Saúde em março de 2020. As queixas mnésicas e os défices cognitivos objetivos são 

frequentes pós Coronavirus Disease 2019 (COVID-19). No entanto, poucos são os estudos que 

se debruçaram especificamente sobre o défice cognitivo a longo-prazo e os seus preditores.  

Objetivos: O presente estudo tem como objetivos principais: 1) identificar a presença de 

sintomas persistentes 12 meses após a infeção por SARS-CoV-2 com ênfase no défice cognitivo 

e nas queixas cognitivas e 2) explorar variáveis demográficas e clínicas preditivas de défice 

cognitivo objetivo e de queixas cognitivas.  

Métodos: Cem indivíduos com diagnóstico de COVID-19 entre março e novembro de 2020 

participaram numa breve avaliação neurológica e neuropsicológica cerca de 12 meses após a 

infeção.  

Resultados: Foram registadas alterações de desempenho cognitivo numa bateria breve 

composta por três testes neuropsicológicos em 43% dos indivíduos e foram classificados com 

défice cognitivo significativo e objetivável (alteração em pelo menos 2 dos 3 testes cognitivos) 

em 9% dos participantes. Os testes com maior frequência de défice medem aprendizagem e 

memória visual e verbal. Verificou-se que a baixa escolaridade e a insónia de novo aquando da 

infeção são fatores de risco de défice cognitivo um ano após COVID-19. O sexo feminino e o 

surgimento de distúrbio do sono aquando da infeção estão associados a mais queixas cognitivas, 

a mais sintomas de ansiedade, depressão e fadiga e a pior qualidade de vida a longo prazo. 

Apesar de estarem relacionados com mais queixas cognitivas subjetivas, o sexo feminino e os 

sintomas psicopatológicos não foram preditivos de défice cognitivo significativo e objetivável.  

Conclusão: Os resultados do estudo documentam a persistência quer de défice cognitivo 

significativo quer de queixas cognitivas um ano após a infeção, suportando a noção de que uma 

percentagem de individuos desenvolve Long-COVID. A exploração dos possíveis preditores da 

função cognitiva quer objetiva quer subjetiva aponta para um efeito protetor da reserva 

cognitiva, enquanto distúrbio do sono de novo durante a fase aguda da COVID-19 parece ser um 

fator de risco para dificuldades cognitivas a longo-prazo. Ainda não é clara a relação entre o 

desenvolvimento de Long-COVID e a vacinação e reinfeção. 

Palavras-chave: COVID-19, disfunção cognitiva, distúrbio do sono, reserva cognitiva 
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Abstract 

Background: The SARS-CoV-2 outbreak that started in December of 2019 rapidly became a 

public health threat and in March 2020 a pandemic was declared by the World Health 

Organization. Cognitive complaints and cognitive deficits are frequent after Coronavirus Disease 

2019 (COVID-19). However, there are few studies that dwell specifically on long-term cognitive 

deficit and its predictors.  

Objectives: The main goals of the present study are: 1) to identify the presence of persistent 

symptoms 12 months after SARS-CoV-2 infection with focus on cognitive deficit and complaint 

and 2) to explore demographic and clinic predictors of objective cognitive deficit and cognitive 

complaint.  

Methods: A hundred individuals with diagnosis of COVID-19 between March and November of 

2020 participated in a brief neurologic and neuropsychological evaluation around 12 months 

after infection.  

Results: Abnormal cognitive performance in at least one of the three neuropsychological tests 

was recorded in 43% of the individuals. Cognitive dysfunction (i.e., abnormal performance in at 

least 2 of the 3 cognitive tests) was found in 9% of the participants. The two tests with highest 

frequency of deficit measure visual and verbal learning and memory. Lower education levels and 

new-onset insomnia during the infection were found to be risk factors of cognitive dysfunction 

one year after COVID-19. The female gender and sleep disturbance during the infection were 

associated with more cognitive complaints, more symptoms of anxiety and depression, greater 

fatigue, and overall poorer long-term quality of life. Although being more related to subjective 

cognitive complaints, neither female gender nor psychopathology symptoms were predictive of 

cognitive dysfunction.  

Conclusion: The study results document the persistence of significant cognitive deficits and 

complaints one-year post-infection, providing support to the notion that a subset of individuals 

develops Long-COVID. The exploration of possible predictors of both objective and subjective 

cognitive functioning points to the protective effect of cognitive reserve, whereas new-onset 

sleep disturbance during the acute phase of the COVID-19 infection appears to be a risk factor 

for long-term cognitive difficulties. It is unclear how the development of Long-COVID may be 

affected by variations in the virus, the availability of vaccines and the occurrence of 

reinfections. 

Keywords: COVID-19, cognitive dysfunction, sleep disturbance, cognitive reserve 
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Introduction 

The SARS-CoV-2 outbreak, that began in December of 2019, rapidly became a threat to 

public health and in March 2020 the World Health Organization (WHO) declared it a pandemic 

(1). In 24 months, the pandemic has counted with over 400 million cases of Coronavirus Disease 

2019 (COVID-19) and about 6 million deaths (2). Nearly 10 billion vaccines have been 

administered (2). 

The SARS-CoV-2 virus is an RNA-virus that belongs to the beta-coronavirus family, which 

is also the family of SARS-CoV and MERS-CoV, responsible for previous outbreaks (3). This virus 

possesses a spike protein (1273 aminoacids), made of two trimeric fusion subunits – S1 and S2 

(4, 5). This protein is responsible for the connection of SARS-CoV-2 to the Angiotensin Converting 

Enzyme-2 (ACE-2), present in the membranes of the host’s cells (1, 3, 6-9). ACE-2 is expressed in 

arteries, oronasal mucosa, pulmonary epithelium, bone marrow, spleen, skin, heart, kidney, 

adipose tissue, reproductive system, brain, and intestinal mucosa (3, 6, 7, 9). This protein makes the 

cells that possess ACE-2 the main targets of the virus and determines the extension, phenotype, 

and virulence of SARS-CoV-2 (3). High levels of ACE-2 are associated with a variety of 

consequences as vasoconstriction, renal failure, heart disease, oxidative processes, and 

apoptosis that speed aging and brain degeneration (8). After connecting to ACE-2 in the 

respiratory epithelium and blood vessels, SARS-CoV-2 triggers an excessive production of 

inflammatory cytokines, leading to an acute phenomenon called cytokine storm (6, 10, 11), which 

is marked by increased levels of interleukine-1, interleukine-6, and tumoral necrosis factor. This 

increase promotes vascular permeability, edema and generalized inflammation with 

consequent damage to cellular metabolism and protein production, as well as small ischemic 

infarctions on brain tissue, that in long-term may be associated with neurologic deficits (8, 12). 

ACE-2 also modulates blood pressure, therefore its interaction with coronaviruses can induce 

an increase in blood pressure, that is itself a promotor for cerebral ischemic and hemorrhagic 

events, partially justifying the higher mortality among COVID-19 patients that present 

comorbidities such as high blood pressure, high Body Mass Index (BMI) and diabetes (12).  

Systemic symptoms of COVID-19 infection resulting from the original virus and early 

variants (prior to the beginning of vaccination) typically began about five days after the first 

contact with the virus (13) and included fever, chills, cough, dyspnea, fatigue, myalgia, headaches, 

anosmia/dysgeusia, odynophagia, nasal congestion and nausea/vomit (6, 9). Neurological 

manifestations were commonly anosmia/hyposmia and dysgeusia (3). In the context of COVID-

19, cases of encephalitis (6, 14), acute disseminated encephalomyelitis (6, 14), myelitis (14) and 
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Guillain-Barré Syndrome (3, 6) have also been described. Vascular cerebral disease related to 

COVID-19 (6, 14) had an estimated incidence of 1,4% according to a systematic review of Nannoni 

et al., being more frequent among individuals with cardiovascular risk factors prior to the 

infection and severe disease (15). On a psychiatric and neuropsychiatric level, anxiety, depression, 

cognitive deficits, and sleep disturbance have been reported (16). Possible causes for the 

neurological and neuropsychiatric symptoms related to COVID-19 include direct cortex and 

adjacent subcortical neuronal structures damage and indirect effects due to the systemic 

inflammatory activation and psychological trauma (17). 

According to Koyuncu et al., all viruses are capable of reaching the Central Nervous 

System (CNS) under the right conditions, depending on viral factors (e.g., mutations in virulent 

genes) or host factors (e.g., immunodepression, age, comorbidities) (18). It is known that several 

respiratory viruses, including coronaviruses, are neuroinvasive and neurotropic, with potential 

neuropathological consequences in vulnerable populations (19). Coronaviruses have been 

associated to the physiopathology of neurodegenerative and neuroimmune diseases after viral 

particles of coronaviruses and antibodies anti-coronavirus were identified on the Cerebrospinal 

Fluid (CSF) of patients with Parkinson’s Disease and Multiple Sclerosis (20-22). The direct invasion 

of SARS-CoV-2 can occur in two ways: transneuronal pathway or hematogenic pathway (8). The 

invasion theory by the transneuronal pathway through the cribriform plaque is supported by the 

existence of structural alteration in the olfactive tract, bulb and cortex found on Magnetic 

Resonance Imaging examination of COVID-19 patients (23, 24). This alteration may be partially 

explained by the role of ACE-2, given its high density in the oronasal mucosa and its contribution 

to the development of symptoms in the senses of smell and taste (12). Direct neuron infection 

with subsequent intracellular signaling change and cell death can alter neuronal connectivity (25).  

SARS-CoV-2 may also reach the brainstem and lead to the impairment of respiratory centers (17) 

and to pain syndromes, that may persist in the post-infection phases (26). However, direct 

infection is held as an unlikely neurological damage mechanism when it comes to COVID-19 (6). 

The indirect effects that might be subjacent to the development of neurological 

alterations include neuroinflammation, cytokine storm, post-infectious autoimmunity, and 

hypercoagulability state (10, 12, 23, 27). Neuroinflammation is a well-defined process that is involved 

in the development of psychiatric disturbances and is known to cause hypercoagulability states 

(which can provoke ischemic vascular events and other vascular manifestations) (12) and 

accelerate neurodegenerative processes (8). On the other hand, neuroinflammation is also 

considered a secondary damage mediator due to cytokine and neurotropic factors secretion. 

Consequently, microglia, which is the CNS first line defense mechanism (28), is responsible for 
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inflammatory or immunomodulated responses of the cerebral tissue and may provide short-

term neuroprotection, but can also lead to the development of neurodegenerative processes in 

the long-term, depending on the balance between inflammatory and anti-inflammatory 

cytokines produced in response to viral infection(19), being frequently a marker of 

neuroinflammation (8). The cytokine storm provoked by SARS-CoV-2 infection, as previously 

explained, can trigger small ischemic infarctions in cerebral territory as well as damage to the 

blood-brain barrier (BBB) (8, 10). The disruption of the BBB increases the microvascular 

permeability and contributes to the neuroinflammation process (6).  

Viral infections can induce demyelination events in the CNS and may be involved in the 

pathogenesis of a common demyelinating syndrome – Multiple Sclerosis (29). It has been 

suggested that cognitive difficulties associated with COVID-19 may share similarities with 

demyelinating diseases such as Multiple Sclerosis (12). 

Hippocampus seems to be particularly vulnerable to infections by coronaviruses, 

increasing the likelihood of memory impairment after infection as well as acceleration of 

neurodegenerative processes like Alzheimer’s Disease (17). Hypoxia, which is a common cause of 

neuropsychiatric alterations seen in acute respiratory stress syndromes, is associated to brain 

atrophy and ventricle enlargement, being hypoxia’s duration related to cognitive functioning 

levels, namely in attention, memory and executive functions (17, 30).  

The impact of COVID-19 on cognitive function in patients who have recovered from viral 

infection and its association with inflammatory profile have been studied. Literature suggests 

that cognitive impairment seen in recovered COVID-19 patients may be associated to the 

inflammatory process subjacent to the infection (31). There is also growing evidence that patients 

with severe COVID-19 show more frequently cognitive deficits than patients with non-severe 

COVID-19 (32-34). One of the proposed mechanisms for the decline of cognitive function, 

especially memory capacity, is based in hypoxia, given that certain brain regions associated with 

cognitive functions, such as hippocampus, are susceptible to neuronal damage induced by 

hypoxia. Other explanatory mechanisms include chronic and systemic inflammation as well as 

immune dysregulation, causing damage to brain tissue. Studies have suggested that higher 

levels of education are protective of cognitive function in patients with severe COVID-19, 

mitigating the impact of the pathology on clinical expression, although schooling may not 

protect from the development of neurodegenerative disease (32). 

Despite growing evidence that SARS-CoV-2 infection may have a significant impact on 

the cognitive capacity of infected people, existing studies explored a relatively short interval 
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between infection and cognitive evaluation (usually <6 months). Recent studies suggest that 

cognitive changes arising from COVID-19 can be persistent in time and may be part of a new 

syndrome called Long-COVID (35-37).  

Methods 

Subjects 

In this study 100 individuals who had COVID-19 in 2020 were included. Of these, 98 were 

randomly selected from a sample of 732 patients evaluated in the project COVID-19 Neurological 

Phenotypes: The Virus, The Host or Both?, and had diagnosis of COVID-19 made in the University 

Hospital Center of Porto (CHUP) between March and June 2020 (from 06-03-2020  to 29-06-

2020). Two individuals received diagnosis of COVID-19 between October and November 2020. 

SARS-CoV-2 infection in all individuals was confirmed using  RT-PCR (Real Time – Polymerase 

Chain Reaction). Time between diagnosis of COVID-19 and presential follow-up evaluation was 

on average 343 days (180 to 421 days). 

Procedures 

A semi-structured interview of the participants was used to collect the following 

demographic and clinical variables: gender, age, education, comorbidities prior to COVID-19 

(e.g., Hypertension, Diabetes, Renal Disease, Cardiovascular Disease, and Neurological Disease), 

and symptoms during acute infection by SARS-CoV-2. Symptoms during acute infection by SARS-

CoV-2 were divided in neurological symptoms (i.e., headaches, vertigo, sleep disturbance, 

sensitive symptoms, and visual symptoms) and systemic symptoms (fever, dyspnea, 

hyposmia/anosmia, hypogeusia/dysgeusia, respiratory failure and myalgia). The persistence of 

these symptoms at follow-up was also investigated. During the presential consultation, a 

neurological examination was performed.  

All participants were submitted to a short neuropsychological evaluation, which 

included the Mini Mental State Evaluation (MMSE) and the Brief International Cognitive 

Assessment for Multiple Sclerosis (BICAMS). Additionally, the Hospital Anxiety and Depression 

Scale (HADS), the Broadbent’s Cognitive Failure Questionnaires (CFQ), the Modified Fatigue 

Impact Scale (MFIS) and the Short-Form Health Survey (SF-36) were applied individually. HADS, 

CFQ, MFIS and SF-36 are self-report questionnaires.  

MMSE is a widely used screening test, that was initially created to evaluate quantitively 

the severity of cognitive deficit and document long-term cognitive changes (38). This test is 

composed of several questions divided in components: orientation, retention, attention and 

calculus, verbal recall, language, and constructive abilities. The maximum score is 30 points. The 
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5th percentile for a given education level (Morgado et al., 2009) was used as a cut point of 

cognitive deterioration.  

BICAMS is a brief screening battery designed to detect cognitive dysfunction in Multiple 

Sclerosis. BICAMS is composed by three tests: Symbol Digit Modalities Test (SDMT), Brief 

Visuospatial Memory Test – Revisited (BVMT-R), and California Verbal Learning Test (CVLT-II). 

SMDT evaluates working memory and processing speed, BVMT evaluates the ability to recall 

new visuospatial information, and CVLT-II evaluates the capacity to learn new verbal 

information. Scores in each of these tests were adjusted to the demographic characteristics of 

each individual (age and/or education), in accordance to regression norms built for the 

Portuguese population (39). Raw scores were transformed in T-Scores. The normative average T-

score for a certain combination of demographic characteristics is 50 and its standard deviation 

is 10.  

𝑆𝐷𝑀𝑇 𝑇-𝑆𝐶𝑂𝑅𝐸

= 10.511 + (0,007 × 𝑎𝑔𝑒2)  +  (−0.966 × 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔)  

+ (4.138 × 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒)   

𝐶𝑉𝐿𝑇 − 𝐼𝐼 𝑇-𝑆𝐶𝑂𝑅𝐸 =  3.195 + (0.006 × 𝑎𝑔𝑒2)  +  (3.761 × 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒) 

𝐵𝑉𝑀𝑇 − 𝑅 𝑇-𝑆𝐶𝑂𝑅𝐸 =  −8.004 +  (0.514 × 𝑎𝑔𝑒)  + (3.833 × 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒) 

The percentile corresponding to each raw score converted in standardized score was 

identified. For the evaluation of the population in this study, a T-Score ≤ 37 was indicative of 

abnormal cognitive performance. A T-Score ≤ 37 matches approximately the percentile 10 of a 

normative sample. Participants with T-Score ≤ 37 at least in 2 of the 3 BICAMS tests (SDMT, 

CVLT-II, BVMT-R) were considered to have cognitive dysfunction (i.e., significant and objective 

cognitive deficit).  

HADS Questionnaire is a screening instrument of depressive and/or anxiety states (40, 41). 

The scale is formed by 14 items (7 to evaluate anxiety and 7 to evaluate depression). Each 

question has 4 answer possibilities, graded from 0-3. The total score of each component (anxiety 

– HADSA and depression – HADSD) range from 0 to 21, being higher scores related to higher 

states of anxiety and depression. The version used in this study is the Portuguese version, whose 

validation has been published (42). The HADS Manual suggests that a score between 0-7 is normal, 

between 8-10 is mild, 11-14 is moderate and 15-21 is severe for both anxiety and depression 

subscales. 
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CFQ Questionnaire is a self-reported measurement of failures in perception, memory 

and motor function (43). It was initially elaborated by Broadbent et al (1982). It is composed of 

25 questions with 5 answer possibilities grading from 0 to 4. The questionnaire has 4 subscales 

(memory, distraction, daily mistakes, and name evocation). The questionnaire score is given by 

the sum of scores in each question, grading from 0 to 100. The bigger the score, the bigger the 

frequency of cognitive failures, as there are no defined cut-off points. 

MFIS scale evaluates fatigue. The scale is built by 21 questions with 5 answer possibilities 

graded from 0 to 4. It is possible to divide the scale into 3 subscales or components: physical, 

cognitive, and psychosocial. The total score of the questionnaire matches the sum of each 

components score. There are no defined cut-off points for the interpretation of total scores in 

this scale. However, it is known that the bigger the score, the bigger the impact of fatigue on the 

individual’s life.  

SF-36 Questionnaire is widely used for its ability to compare the health status of a group 

of individuals with distinct chronic diseases and the health status of individuals of the same 

disease group but with different severity levels. In the context of this study, SF-36 was applied 

as a measurement of quality of life in individuals that had COVID-19. This questionnaire was 

used in the Portuguese version, and it is made of 36 questions covering eight quality of life 

dimensions (physical function, physical performance, bodily pain, general health, vitality, social 

function, emotional performance, and mental health). These dimensions were aggregated in 

two components: physical and mental. The physical component encompasses physical function, 

physical performance, bodily pain, and general health. The mental component encompasses 

mental health, emotional performance, social function, and vitality. Both the validation of the 

eight dimensions in the Portuguese version (44, 45) and the validation of both components in the 

Portuguese version (45, 46) have been published and used as mean of evaluation and scoring of 

this scale in this sample of this study. After calculating each component, its value is transformed 

into a scale with average 50 and standard deviation of 10. The physical component measures 

for the Portuguese population are 52,34 [44,51 ; 57,40] and the mental component measures 

are 52,23 [44,12 ; 57,64] (45). When it comes to interpretation of results, the lower the score, 

the lower the quality of life of the individual.  

Statistical Analysis  

Characteristics of the sample are expressed through descriptive statistics. Qui-Square 

Test or Fisher’s Exact Test (when appropriate) and Mann-Whitney Test were used to compare 

groups. The level p<0,05 of significance was used. Multiple logistic regressions were used to 
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explore predictors of cognitive dysfunction. Pearson Correlations and multiple linear regressions 

were used to study predictors of CFQ. The backward method of variable selection (p>0,100) was 

used in logistic and linear regressions. Data was analyzed using IBM SPSS Statistics 26.0.0.0 

software (IBM, New York, USA) 

Results 

Sample Characteristics  

The sample consisted of 100 individuals with diagnosis of COVID-19 between March and 

November 2020. The demographic data are shown in Table I. The evaluated sample was 

predominantly female (56%), with an age ranging between 19 and 65 years, and with number 

of years of education varying between 3 and 23 years. Most common comorbidities were 

Hypertension (28%), Diabetes (13%), and Neurologic Disease (13%) (Table II). The reported 

neurologic disease included headaches, epilepsy, and transient ischemic attacks. 

Clinical characteristics of infection are displayed in Table III. Most common reported 

symptoms were myalgia (n=80%), hyposmia/anosmia (69%), hypogeusia/dysgeusia (68%), fever 

(66%), headaches (54%) and sleep disturbance (44%). Sixteen individuals reported respiratory 

failure during acute COVID-19 (16%). 

When questioned about cognitive symptoms/complaints, 53 of the 100 patients 

answered affirmatively (53%). Of these, 27 were females (50,9%), 27 reported mnestic 

complaints during and after infection (50,9%), 19 reported symptoms only during acute infection 

(35,8%), and 7 reported cognitive symptoms after infection (13.2%).  

During the follow-up evaluation, the participants reported the following persistent 

neurological symptoms: headaches (32%), hyposmia (19%), dysgeusia (14%), sleep disturbance 

(10%), sensitive symptoms (4%) and visual symptoms (2%). No persistent vertigo was reported 

(0%). 

Cognitive Deterioration and Cognitive Dysfunction 

Eight patients (8%) presented cognitive deterioration according to their performance on 

the MMSE. No significant associations between cognitive deterioration and demographic 

characteristics, comorbidities or symptoms during infection were found (p>0,05). 

Regarding BICAMS, abnormal performance (t-score ≤37) was recorded in 2% of 

individuals on SDMT, 15% on CVLT-II (15%), and 35% on BVMT (35%). Abnormal test 

performances (i.e., at least in one of the three BICAMS tests) were recorded in 43% of 
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participants. Cognitive dysfunction (i.e., at least two of three BICAMS measurements with 

abnormal performance) was detected in 9% of participants.  

As seen in Table I, cognitive dysfunction in BICAMS was associated with lower education 

levels (p=0,021). No statistically significant differences were found between patients with or 

without cognitive dysfunction regarding gender, age, and comorbidities (Table I and Table II). 

No differences were found regarding the time interval between infection and follow-up 

(p=0,918).  

The relationship connecting cognitive dysfunction recorded through BICAMS on follow-

up evaluation and symptoms during COVID-19 infection was explored (see Table III). A 

statistically significant association between cognitive dysfunction and sleep disturbance 

(p=0,041) was found. Seven of the nine (77,8%) individuals with cognitive dysfunction reported 

sleep disturbance during acute infection in contrast with 40,7% of individuals without cognitive 

dysfunction. No other significant associations regarding cognitive dysfunction and COVID-19 

symptoms were identified, including hyposmia/anosmia and hypogeusia/dysgeusia. 

The sleep disturbance was characterized as initial type insomnia in 6/7 (85,7%) and 

terminal insomnia in 1/7 (14,3%) individuals with cognitive dysfunction. Each of the 7 individuals 

reported that the disruption in sleep began during the acute infection phase and 5 maintained 

at the follow-up evaluation. Fewer years of education (adjusted OR = 0,817; CI [0,684 ; 0,975]; 

p=0,025) and sleep disturbance (adjusted OR = 5,618; CI [1,047 ; 30,157], p=0,044) remained as 

significant predictors of cognitive dysfunction when analyzed as covariates. 

Regarding the new-onset sleep disturbance in individuals without cognitive dysfunction 

(n=37), 11 (29,7%) had only initial type insomnia, 7 (18.9%) had only intermedium insomnia, 1 

(2.7%) had only final insomnia, 1 (2.7%) had initial plus intermedium insomnia, 3 (8.1%) reported 

initial and final insomnia, 1 (2.7%) had only sleep fragmentation, 2 (5.4%) had sleep 

fragmentation and initial type insomnia, 4 (10.8%) had only hypersomnolence, 2 (5.4%) had 

hypersomnolence and initial plus intermedium insomnia, 3 (8.1%) had non-repairing sleep and 

2 (5.4%) reported unspecific sleep complaints. Of these 37 individuals, 33 (89%) reported 

persistence of sleep disturbance at follow-up evaluation.  

When BICAMS tests were evaluated separately, we verified that abnormal scoring on 

BVMT (35% of total sample) was more frequent in individuals with fewer years of education 

(median: 12 vs. 9 years of school, p=0,002) and in those who reported sleep disturbance (35,4% 

vs. 60,0%, p=0,018). Low education (adjusted OR = 0,850; CI [0,767 ; 0,943]; p=0,002) and sleep 

disturbance (adjusted OR = 2,980; CI [1,202 ; 7,388], p=0,018) remained as significant predictors 
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of abnormal performance on BVMT when analyzed as covariates. Anormal performance on CVLT 

(15% of total sample) was significantly related with fewer years of education (median: 12 vs. 9 

years of school, p=0.012), but not with sleep disturbance (p=0,430). No significant associations 

were found between anormal performance on SDMT (2% of total sample) and demographic 

characteristics or sleep disturbance. 

Participants with cognitive dysfunction (≥2 anormal BICAMS tests) reported lower levels 

of quality of life, according to scores on mental component of SF-36 (median: 36 vs. 49, p=0,035). 

Individuals with cognitive dysfunction also tended do have more cognitive complaints, as 

reflected by higher CFQ scores, though the difference did not reach the threshold for statistical 

significance (median: 53 vs. 30, p=0,079). No significant associations connecting cognitive 

dysfunction and HADS - Anxiety (p=0,928), HADS - Depression (p=0,482), or MFIS (p=0,561) were 

found. Within those who presented cognitive dysfunction (n=9), 7 had cognitive 

symptoms/complaints at the time of the follow-up evaluation.  

Among participants with sleep disturbance during infection, the persistence of this 

symptom in the follow-up appointment was not associated with a higher frequency of cognitive 

dysfunction (p=0.649). Interestingly, among participants with headaches during COVID-19, 

cognitive dysfunction was only found in participants without persistent headaches (21.9% vs. 

0%, p=0.033). No significant associations between cognitive dysfunction and other persistent 

symptoms, such as hyposmia (p>0,999), dysgeusia (p=0,575), sensitive symptoms (p=0,289) or 

visual symptoms (p>0,999), were found. 

Cognitive Complaints 

Female participants presented with more cognitive complaints at the follow-up 

consultation measured by the CFQ (median: 45 vs. 25, p<0,001). Individuals that had fever 

(median: 34 vs. 26, p=0,023), headaches (median: 46 vs. 25, p<0,001), or sleep disturbance 

(median: 42 vs. 27, p=0,001) during infection had higher scores on CFQ. No other statistically 

significant associations between cognitive complaints and other COVID-19 symptoms or 

comorbidities were found (p>0,050).  

Score on CFQ had a negative correlation with years of education (r=-0,331, p=0,001) and 

with physical (r=-0,566, p<0,001) and mental (r=-0,579, p<0,001) components of SF-36. Strong 

positive correlations were found between CFQ scores and HADS anxiety (r=0,603, p<0,001) and 

depression (r=0,652, p<0,001) subscales, and between CFQ scores and MFIS scores (r=0,752, 

p<0,001). The relationship between CFQ scores and age is relatively modest (r=0,205, p=0,043).  
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Multiple linear regression analyses, in which demographic variables such as gender, age 

and education were considered as covariates, CFQ scores remained related to fever (ß=5,677; 

CI [-0,921 ; 12,275]; p=0,091; adjusted r2 =0,306), headaches (ß=13,400; CI [7,723 ; 19,077]; 

p<0,001; adjusted r2 =0,420), sleep disturbance (ß=10,497; CI [4,607 ; 16,388];  p<0,001; 

adjusted r2 =0,368), physical (ß=-0,497; CI [-0,774 ; -0,219]; p=0,001) and mental components 

(ß=-0,708; CI [-0,969 ; -0,447]; p<0,001) of SF-36 (adjusted r2 =0,621), anxiety (ß=0,872; CI [-

0,005 ; 1,748];  p=0,051) and depression subscales (ß=1,986; CI [1,067 ; 2,905]; p<0,001) of HADS 

(adjusted r2 =0,520) and MFIS (ß=0,622; CI [0,484 ; 0,760]; p<0,001; adjusted r2 =0,635). In all 

these analyses, gender and education remained in the final regression model (com p<0,05), 

whereas variable age was always removed from the model through the backward method for 

selecting variables (p>0,100).  

Among individuals with sleep disturbance associated to COVID-19, the persistency of 

this symptom during follow-up was associated to higher CFQ scores (49 vs. 25, p=0,021). 

Persistent headaches during follow-up were also associated to more cognitive complaints, 

however this difference did not reach the threshold for statistical significance (median: 52 vs. 

34, p=0,075). No other significant associations between persistence of neurologic symptoms and 

CFQ scores were found (p>0,05). Neither persistent sleep disturbance nor persistent headaches 

remained statistically related to cognitive complaints when demographic characteristics 

(gender, age, and education) were considered as covariates. 

Sleep disturbance 

Sleep disturbance during infection tends to be more frequent in females (p=0,077) but 

is not related to age or education or comorbidities. Sleep disturbance during infection occurred 

more frequently in individuals who also reported dyspnea (p=0,015), anorexia (p=0,008), 

abdominal pain (p=0,019), headaches (p<0,001) and sensitive symptoms (p=0,011). No other 

significant associations with COVID-19 symptoms were found (p>0,05).  

Individuals with sleep disturbance during infection, independently from their 

performance in BICAMS, had more symptoms of anxiety (median: 10 vs. 7, p=0,001) and 

depression (median: 6 vs. 4, p=0,004) on HADS, more symptoms of fatigue on MFIS (median: 38 

vs. 22, p=0,005), and lower score on the mental component of SF-36 (median: 44 vs. 53, p=0,003) 

during follow-up evaluation. 

Among individuals who had sleep disturbance, the persistency of this symptom was 

associated with more anxiety on HADS (p=0,014), more fatigue symptoms on MFIS (p=0,028), 

and worst quality of life on the physical component of SF-36 (p=0,025). 
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Discussion of Results 

Results of this study revealed that about one year after COVID-19 infection, 43% of 

individuals had abnormal cognitive performance in BICAMS tests and 9% were classified with 

cognitive dysfunction (i.e., a significant and objective cognitive deficit) due to abnormal 

performance on at least 2 of 3 BICAMS tests. Learning and memory were the most affected 

cognitive domains. This finding is consistent with a large study comprising 740 individuals 

evaluated on average 7,6 months after the infection (47).  

The available literature on the long-term cognitive deficits related to COVID-19 is scarce 

and commonly focuses on hospitalized patients during acute phase of the infection, suggesting 

moderate to severe disease. Cognitive dysfunction after critical disease is a common finding, 

observed previously for prolonged hospitalizations in Intensive Care Units (ICU) (48). A study that 

included 78 individuals (with diagnosis of COVID-19 between March and April 2020, 12% with 

hospitalization) identified cognitive deficit in 10% of individuals (49). These results were obtained 

4 months after infection and are consistent with the data in our study one year after COVID-19. 

These studies point to the presence of cognitive deficits in some patients after infection. 

The persistency of symptoms after SARS-CoV-2 has been reported frequently and has 

led to the concept of Long-COVID or Post-COVID Syndrome (35, 50), which may occur even in 

individuals with mild disease. Initial studies (prior to vaccination) estimated that about 80% of 

those infected with SARS-CoV-2 could develop symptoms of this syndrome (51). The persistent 

symptoms are mostly unspecific (52). In a cohort study that evaluated 1733 individuals 6 months 

after infection by SARS-CoV-2, fatigue, anxiety, depression, and sleep alterations were the most 

frequent persistent symptoms (52). For a more adequate clinical response, it is important to 

identify risk factors for development of Long-COVID, including brain fog (36, 52-54).  

Low education revealed to be a risk factor for cognitive dysfunction and more cognitive 

complaints (as measured by CFQ) at the follow-up evaluation one year post infection. These 

results suggest that education may have a protective role on cognitive functioning after COVID-

19 and further supports the notion that cognitive reserve may modulate the clinical expression 

of neurological diseases. Evidence of the importance of cognitive reserve has been documented 

in several neurological diseases, including Alzheimer’s Disease and Multiple Sclerosis (55, 56).  

No significant associations connecting cognitive measures (objective and subjective) and 

individuals’ age or comorbidities prior to COVID-19 were found. Some possible explanations for 

the non-rejection of the null hypothesis include relatively young age of the sample (median age 

of 49 years and age limit of 65) and identification of abnormal cognitive performance after 
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adjusting to the demographic characteristics of each individual according to existing normative 

data. It shall be referred that the normalization of BICAMS to the Portuguese population (39) was 

made on a sample of 60 individuals between 17 and 69 years of age and with an average age of 

36 years. These characteristics of the normative sample can limit the detection capacity of 

cognitive deficit in older individuals. Therefore, the negative findings regarding age and 

comorbidities must be interpreted with reservations.  

Regarding symptoms during the period of infection, significant associations were found 

between sleep disturbance and cognitive dysfunction (i.e., significant, and objective cognitive 

deficit measured by BICAMS) and subjective cognitive deficit (self-perceived cognitive failures in 

everyday life according to CFQ). Sleep disturbance in individuals with cognitive dysfunction (n=7) 

was not present before COVID-19 and it was characterized mainly as initial type insomnia (6 of 

7 individuals, 86%). In these cases, the sleep disturbance arose during COVID-19 infection, but 

only in 5 of these 7 patients (71%) did this symptom persisted at the one-year follow-up. The 

association between sleep disturbance and cognitive dysfunction after COVID-19 infection has 

not been described in literature until this point. 

Persistent sleep disturbance, independently of cognitive performance, was related to 

more psychopathology, fatigue, and poorer quality of life. The relationship between sleep 

disturbance and psychological suffering is widely recognized in other populations (57, 58). The 

results of the present study call attention to the necessity of clinical evaluation and symptomatic 

treatment of people with sleep disturbance following COVID-19.   

The sleep disturbance described by individuals who had COVID-19 is mostly insomnia. 

Primary insomnia is considered one of the most common sleep disturbances (59). However, in 

this study, insomnia referred by the participants should not be considered primary insomnia, as 

it arose after an infectious event. Insomnia in general is frequently related to cognitive 

dysfunction in other populations, with emphasis on attention (60-62) and episodic memory 

functions (62). Though, the relationship between primary insomnia and cognitive impairment is 

less clear (63). It is complex to differentiate sleep disturbance as a neurologic symptom or as 

arising from other causes, namely social isolation, anxiety, and depression, as these have been 

common in both infected and non-infected individuals during the pandemic. 

Higher scores on CFQ were associated to female gender and more symptoms of anxiety, 

depression, and fatigue. This relationship between subjective perception of more cognitive 

failures on everyday life after COVID-19, female gender and psychopathologic symptoms is 

consistent with the results of a cohort study encompassing 1733 patients evaluated 6 months 
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after SARS-CoV-2 infection, in which the female gender was a risk factor for developing 

persistent symptoms of fatigue, depression and anxiety (52). In our study, the pattern of 

associations observed for subjective cognitive complaints contrasts with results obtained for 

objective evaluation of cognitive function. No significant associations were found between 

cognitive dysfunction and female gender or anxiety symptoms, depression or fatigue. These 

results suggest a dissociation between self-reported cognitive difficulties and objective cognitive 

deficits, one year after COVID-19. Higher CFQ scores may represent a vulnerability factor and a 

reflection of poorer ability to respond to stress (43), which allied to the pandemic context, may 

have severe repercussions on the individuals’ quality of life. 

Both higher CFQ scores and objective cognitive dysfunction were associated with 

diminished quality of life. Unfortunately, the analyses of the SF-36 data were marked by missing 

responses. Self-completion failures resulted in the impossibility of calculating the physical and 

mental components of the SF-36 in 27 participants. These missing data limit the informative 

value of the study.  

The generalization capacity of our results is limited by our sample size (n=100) and by 

the time period in which COVID-19 was diagnosed (98 individuals were diagnosed between 

March and June 2020 and 2 individuals between October and November 2020). The subsequent 

emergence of vaccines (64, 65) and the appearance of new and potentially less pathogenic variants 

of SARS-CoV-2 (66) may affect the development of Long-COVID. The present study results may 

not be representative of COVID-19 infections in the context of later SARS-CoV-2 variants and/or 

in vaccinated individuals.   

The large number of comparisons performed in this study increases the risk of a type 1 

statistical error, i.e., it increases the probability of rejecting the null hypothesis when it is true. 

This is another limitation of our study. Therefore, the results obtained should be considered 

exploratory.   

Conclusion 

 In this study, we verified that low education and new-onset insomnia during COVID-19 

infection are risk factors for cognitive dysfunction one year after COVID-19. Female gender and 

the onset of sleep disturbance during infection are associated to more long-term self-perceived 

cognitive difficulties, symptoms of anxiety, depression and fatigue, and overall poorer quality of 

life. Even though self-perceived cognitive difficulties were related to female gender and 

psychopathologic symptoms, these were not predictive of significant and objective cognitive 



 

20 
 

deficits. Future studies are necessary to confirm and explore the association between new-onset 

sleep disturbance related to COVID-19 and long-term cognitive difficulties.
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Appendix  

Table I – Demographic characteristics of the sample. Comparison between participants with and without cognitive 

dysfunction on BICAMS. 

Variable 

Total 

(n=100) 

With  

dysfunction 

(n=9) 

Without 

dysfunction  

(n=91) 

p 

Median age [IQR], y 49 [40 ; 57] 48 [42 ; 63] 49 [38 ; 57] p=0,588 

Gender     

Female, n (%) 56 (56,0%) 5 (55,6%) 51 (56,0%) p>0,999 

Male, n (%) 44 (44,0%) 4 (44,4%)  40 (44,0%)  

Median Education 

[IQR], y 

12 [7 ; 16] 6 [4; 12] 12 [9 ; 16] p=0,021 

Data is presented in frequencies (%) and medians (percentile 25 and 75). Fisher’s Exact and Mann-Whitney Tests were used for 

comparison of groups. IQR- Interquartile Range 

 

Table II – Comorbidities prior to infection. Comparison between participants with and without cognitive dysfunction 

on BICAMS. 

Pre-morbid 
variables 

Total 
(n=100) 

With  

dysfunction  
(n=9) 

Without 

dysfunction 

(n=91) 

p 

Hypertension 28 (28,0%) 2 (22,2%) 26 (28,6%) p>0,999 

Diabetes 13 (13,0%) 2 (22,2%) 11 (12,1%) p=0,331 

Renal Disease 7 (7,0%) 1 (11,1%) 6 (6,6%) p=0,494 

Neurological 13 (13,0%) 1 (11,1%) 12 (13,2%) p>0,999 

Cardiovascular  8 (8,0%) 0 (0%) 8 (8,8%) p>0,999 

Data is presented in frequencies (%). Fisher’s Exact Test was used for comparison of groups. 
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Table III – Non-neurologic and neurologic manifestations during infection. Comparison between participants with 

and without cognitive dysfunction on BICAMS. 

Symptoms during infection 

Total 

(n=100) 

With 

dysfunction 

(n=9) 

Without 

dysfunction  

(n=91) 

p 

Fever 66 (66,0%) 6 (66,7%) 60 (65,9%) p>0,999 

Dyspnea 41 (41,0%) 5 (55,6%) 36 (39,6%) p=0,481 

Respiratory Insufficiency  16 (16,0%) 2 (22,2%) 14 (15,4%) p=0,633 

Myalgia 80 (80,0%) 8 (88,9%) 72 (79,1%) p=0,683 

Anorexia 51 (51,0%) 5 (55,6%) 46 (50,5%) p>0,999 

Diarrhea 53 (53,0%) 7 (77,8) 46 (50,5%) p=0,167 

Nauseas/Vomits 30 (30,0%) 2 (22,2%) 28 (30,8%) p=0,720 

Abdominal pain 23(23,0%) 4 (44,4%) 19 (20,9%) p=0,205 

Hyposmia/Anosmia 69 (69,0%) 5 (55,6%) 64 (70,3%) p=0,453 

Hypogeusia/Dysgeusia 68 (68,0%) 5 (55,6%) 63 (69,2%) p=0,462 

Headaches 57 (57,0%) 7 (77,8%) 50 (54,9%) p=0,293 

Vertigo 14 (14,1%)1 1 (11,1%) 13 (14,4%) p>0,999 

Sleep Disturbance 44 (44,0%) 7 (77,8%) 37 (40,7%) p=0,041 

Sensitive symptoms 26 (26,0%) 2 (22,2%) 24 (26,4%) p>0,999 

Visual symptoms 23 (23,0%) 2 (22,2%) 21 (23,1%) p>0,999 
1 total number of evaluated individuals for vertigo is 99 (n=99, 9 of these with cognitive deficit). 

Fisher’s Exact Test was used for comparison of groups. 
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Figure 1 - Mini Mental State Examination 
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Figure 2 - Mini Mental State Examination  
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Figure 3 – SDMT – Symbol Digit Modalities Test 
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Figure 4 - CVLT-II- California Verbal Learning Test 
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  Figure 5 - BVMT-R – Brief Visuospatial Memory Test – Revisited 
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Figure 6 - HADS - Hospital Anxiety and Depression Scale 
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Figure 7 - CFQ - Cognitive Failures Questionnaire 
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Figure 8 - CFQ - Cognitive Failures Questionnaire 
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Figure 9 - MFIS - Modified Fatigue Impact Scale 
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Figure 10 - SF-36 
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Figure 11 - SF-36 
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Figure 12 - SF-36 
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Figure 13 - SF-36 
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