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Abstract

:

APOE ε4 polymorphism has been recently described as a possible association with cognitive deficits in COVID-19 patients. This research aimed to establish the correlation between COVID-19 and cognitive impairment, and the APOE gene polymorphism among outpatients. We performed a cross-sectional study with confirmed COVID-19 patients and neurological symptoms that persisted for more than three months from onset. APOE genotypes were determined. The final number of patients included in this study was 219, of which 186 blood samples were collected for APOE genotyping, evaluated 4.5 months after COVID-19. Among the participants, 143 patients (65.3%) reported memory impairment symptoms as their primary concern. However, this complaint was objectively verified through screening tests (Addenbrooke Cognitive Examination-Revised and Mini-Mental State Examination) in only 36 patients (16.4%). The group experiencing cognitive decline exhibited a higher prevalence of the APOE ε4 allele than the normal group (30.8% vs. 16.4%, respectively, p = 0.038). Furthermore, the APOE ε4 allele and anxiety symptoms remained significant after multivariate analysis. This study assessed an outpatient population where cognitive changes were the primary complaint, even in mild cases. Moreover, the ε4 allele, sleep disorders, and anxiety symptoms were more frequent in the cognitive decline group.
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1. Introduction


COVID-19 exhibits a diverse range of clinical manifestations, including general neurological symptoms [1]. Furthermore, cognitive impairment can occur after COVID-19, either in the acute or chronic phases, regardless of COVID-19 clinical severity [2,3]. Subsequently, cognitive manifestations after the acute and subacute phases of the disease began to be reported even in patients with mild or asymptomatic forms of the disease. Such manifestations can generally occur with other symptoms, such as fatigue and sleep disorders, in a condition that has been called Long-COVID-19 [4]. In this sense, Brutto et al. evaluated outpatients with mild cases of the disease six months after infection and, using the MoCA, showed a decline in 21% of patients compared to data from the same patients before the pandemic [3].



Previous publications have suggested a possible role of APOE in conferring protection or risk of more severe clinical manifestations of COVID-19, with similar physiopathology processes already described in Alzheimer’s disease (AD) [5,6,7]. Kuo et al. linked more severe COVID-19 in subjects with the ε4 allele of the APOE gene. The authors of this study hypothesized that this finding might be related to the high level of expression of APOE genes together with angiotensin-converting enzyme 2 (ACE-2) in the alveolar cells of the lungs [6]. Another group of researchers studied 249 volunteers with an average age of 49 years and evidenced the E2 allele’s protective role against more severe COVID-19 clinical conditions [5]. Similarly, Zhang et al. evaluated 142 patients with COVID-19 and found that those with APOE E4 had elevated inflammatory factors [8]. In another study, Zorkina et al. did not find any influence of the baseline serological status for COVID-19 and the APOE gene polymorphism on cognitive rehabilitation in a sample of individuals over 65 years old measured through changes in Mini-Mental State Examination (MMSE) scores [9]. This association is significant, as the same allele confers a higher risk of sporadic Alzheimer’s disease (AD) [10]. An article published with the preliminary results of our study did not reveal an association between cognitive impairment and APOE [11].



Thus, the possible post-COVID-19 cognitive decline and the relationship between the APOE polymorphism and post-COVID-19 severe and cognitive conditions raise concerns regarding the subsequent development of neurodegenerative diseases, such as Alzheimer’s disease [12]. This research aimed to ascertain the link between Long-COVID-19-related cognitive impairment and APOE gene polymorphism in a larger sample of outpatients in a public university hospital IN Northeast Brazil.




2. Methods


2.1. Subjects


We conducted a cross-sectional study at an outpatient clinic for COVID-19 patients at Walter Cantídio University Hospital, Fortaleza, Northeast Brazil. Patients were recruited in July and August 2020 as part of our research team’s continuous prospective longitudinal study. We included patients with a single, confirmed COVID-19 diagnosis, by RT-PCR nasal swab or serological test, in the last twelve months before the research was carried out with any neurological symptom persisting for over three months since the onset. Two independent neurologists (JWLTJ and DNO) performed patient clinical evaluations. We did not evaluate the inter-examiner error. Identical clinical assessment and identification forms were administered to all participants. Various factors were assessed, including age, gender, educational background, initial neurological symptoms, hospitalization history, type of COVID-19 test administered, results of additional tests, current medical conditions, and details regarding alcohol and tobacco use. We did not determine the ethnic group of the patients. We also looked for control patients without COVID-19 infection, but unfortunately, the country was undergoing a severe health crisis during the pandemic, and patients without COVID-19 were afraid to participate in the research in a hospital environment.




2.2. Clinical and Cognitive Evaluation


Dyspnea levels were evaluated before and after the onset of COVID-19 using the Medical Research Council’s (MRC) dyspnea scale. Cognitive evaluations utilized standardized tools such as Addenbrooke’s Cognitive Examination-Revised (ACE-R), the Mini-Mental State Examination (MMSE), and the Clinical Dementia Rating (CDR). Functional abilities were evaluated using the Pfeffer instrumental activities of daily living scale. At the same time, mood was assessed through the Geriatric Depression Scale (GDS) or the Beck Inventory, depending on the patient’s age. The detailed methodology and specific cutoff points applied are outlined in the supplementary materials. Mild cognitive impairment (MCI) was diagnosed in cases where cognitive complaints were confirmed through screening tests, even without associated functional impairment. Patients reporting cognitive concerns without objective impairment in the administered tests were categorized as experiencing subjective cognitive decline (SCD) [13]. We also grouped patients with DCS, MCI, and dementia under the general term cognitive decline (CD) to compare patients without cognitive complaints, which we called normal. Grouping patients with CD and the increase in the number of patients makes our current work different from our previous data. In our previous study, we only compared patients with MCI and dementia with patients with SCD and normal. We also grouped MCI and dementia under the term cognitive impairment (CI) to compare with patients without cognitive impairment. Scale cutoff scores applied are discriminated against in the supplemental material.




2.3. APOE Genotyping


The genotypes of APOE were identified through the application of real-time Polymerase Chain Reaction (qPCR). DNA sample quality was evaluated by nanodrop and Qubit2.0. APOE genotypes were determined by real-time Polymerase Chain Reaction (qPCR) using the TaqMan® allelic discrimination system (TaqMan® SNP Genotyping Assay, ThermoFisher®, Waltham, MA, USA) [14]. To this end, we used probes per the 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 described in the literature for performing the technique. All samples were used. If the DNA sample was not pure, we re-extracted it from fresh blood samples collected in the following clinical appointment. The supplementary material also includes more technical details of the APOE survey.




2.4. Statistical Analysis


Categorical data were expressed as absolute counts and percentages. The chi-square test was used to evaluate the association among categorical data. Continuous data were first evaluated for normal distribution using the Kolmogorov-Smirnov test [15]. Normal data were expressed as mean ± standard deviation, and non-normal data as median and interquartile range. Normal data were compared using a one-way ANOVA with Tukey’s post-test and a Kruskal-Wallis test with Dunn’s post-test for non-normal data [16]. Data were analyzed using SPSS software for Macintosh, version 23 (Armonk, NY, USA: IBM Corp.). Values of p < 0.05 were considered statistically significant.



Moreover, we performed logistic regression analyses using DC as the dependent event. For the multivariate models, variables that presented p < 0.100 in the bivariate analysis were selected, along with possible confounders based on scientific criteria. The selected variables were exposed to the backward stepwise method. In short, all selected variables are included simultaneously in an initial model. Then, one by one, variables are removed using the highest p-value as a criterion in each model generated until a final model is reached with only variables presenting p < 0.20. Analyses were performed using SPSS software for Macintosh (Version 23.0; Armonk, NY, USA: IBM Corp.).





3. Results


Two hundred forty-one individuals were screened, of which 22 were disqualified (10 for lack of neurological symptoms, 10 for testing negative for COVID-19 in the tests, and two for being unable to submit to the application of the batteries) (Figure 1). Two hundred nineteen patients were finally included in the study, of which 186 provided blood samples for APOE genotyping, and all the following analysis was conducted. The evaluation of patients occurred approximately 4.5 months after their COVID-19 diagnosis.



Table 1 provides a descriptive overview of the patients’ attributes. Women prevailed (64.8%), the mean age was 46.4 years (SD = 14.5), and most had more than eight schooling years (80.4%). Most patients (74.9%) were not hospitalized during the acute phase of the disease, and only a small percentage had a severe clinical condition requiring ICU admission (5.4%). The main complaint reported by one hundred forty-three patients (65.3%) was memory impairment. Nevertheless, this concern was validated through objective screening tests in 36 patients (16.4%). We identified new cases of dementia or the deterioration of existing dementia in 4.9% of the total sample among patients with cognitive impairment, with a mean age of 69.8 years observed in these patients. Thirty-eight patients (17.1%) had depression, six were diagnosed using the GDS, 32 using the Beck inventory, and 57 (25.7%) had persistent anxiety symptoms.



Table 2 compares sociodemographic, clinical, and post-COVID-19 symptom characteristics between the groups with dementia, MCI, DCS, and normal. The dementia group had a higher mean age than the others (69.8 years; p < 0.001). Table 3 compares sociodemographic and clinical characteristics and post-COVID-19 symptoms between groups with cognitive decline (CD) and normal. There was no difference between the groups regarding depression. The cognitive decline group had a higher frequency of anxiety symptoms than the normal group (30.8 vs. 17.1%, respectively, p = 0.028). The CD group also showed a higher frequency of sleep disorders than the normal group (35.7 vs. 17.1%, respectively, p = 0.004). There was no significant difference in the patients’ cognitive status regarding schooling or hospitalization. The cognitive decline group was older than the normal group (48 vs. 43 years, p < 0.001).



Table 4 reveals that the most prevalent APOE genotype was ε3/ε3, accounting for 65.9% of cases, with the ε3 allele predominating (96.7%). In the second place, the ε3/ε4 genotype represented 23.2% of all cases, while the ε4 allele was found in 25.9% of instances. The group experiencing cognitive decline exhibited a higher frequency of the APOE ε4 allele than the normal group (30.8% vs. 16.4%, respectively, p = 0.038) (Table 5). Additionally, the presence of the ε4 allele emerged as an independent risk factor for cognitive decline, with an odds ratio of 2.33 (Table 6). Furthermore, anxiety symptoms remained statistically significant even after multivariate analysis, with an odds ratio of 3.75 (Table 6). The MMSE and ACE-R scores according to the patients’ age group are shown in (Table 7). Regarding the comparison of the scores of the tests applied between the groups with dementia, MCI, DCS, and normal, the dementia group had worse scores in the MMSE, total ACE-R, and all sub-items, besides higher scores in the Pfeffer and CDR (supplementary material). A comparison of the test scores applied between the normal and cognitive decline groups revealed no difference (Tables S1–S3). In comparing the test scores applied between the groups with and without cognitive decline (CD), the CD group had lower MMSE, total ACE-R, and ACE-R sub-item scores (Tables S4 and S5). A comparison of APOE genotyping and its haplotypes between dementia, MCI, DCS, and normal groups revealed no difference between groups (Table S6). The comparison of genotyping and APOE alleles between groups with and without cognitive decline showed no differences (Table S7).




4. Discussion


This study examined a group of outpatients experiencing post-COVID-19 neurological symptoms. Cognitive alterations were the primary concern, even in mild cases. Moreover, the ε4 allele was more frequent in the cognitive decline group. Furthermore, sleep disorders and anxiety symptoms were more common in the cognitive decline group. Our study found a higher, statistically significant frequency of the APOE ε4 allele in the cognitive decline group than in the normal group, and the APOE ε4 allele was an independent risk factor for CD. We speculate that this different result derives from the increase in participants and, mainly, that this new study grouped patients with MCI, SCD, and dementia under the term CD, allowing us to compare patients with cognitive complaints versus those without. To date, the studies that cited APOE’s participation in the COVID-19 manifestations have focused on clinical manifestations, and few studies are showing the role of APOE polymorphism in the genesis of post-COVID-19 cognitive manifestations [5,6]. Kuo et al., for instance, compared the APOE gene polymorphism with COVID-19 infection by logistic regression in a cohort of 622 participants in the United Kingdom and showed that patients with the ε4/ε4 genotype were more likely to be infected by COVID-19 (OR = 2.31, 95% CI: 1.65–3.24, p = 1.19 × 10−6) regardless of history of diabetes, cardiovascular disease, or dementia [6]. Furthermore, Espinosa-Salinas et al. used multiple comparison tests and investigated the association between the APOE gene polymorphism and the risk of COVID-19 infection, documenting a protective effect of the ε2 allele (OR: 0.207; CI: 0.0796, 0.538; p = 0.001) [5].



Our study also found a higher frequency of sleep complaints and anxiety symptoms in the CD group. Patients with sleep complaints may have a higher frequency of DCS and a higher frequency of anxiety symptoms, as previously reported by Jessen et al. [13]. Moreover, sleep disorders, such as insomnia or excessive sleepiness, may accompany Long-COVID-19 [17].



Several hypotheses regarding the genesis of cognitive symptoms after COVID-19 have been formulated, including ischemic brain changes, endothelial injury, and inflammatory reactions [18,19]. This last finding is relevant, as microglial inflammation is associated with Alzheimer’s [20]. Concerning Alzheimer’s, there is evidence that the ε4 allele of APOE stimulates brain amyloidogenesis via increased production more than the other isoforms of APOE and increases tau hyperphosphorylation under stress [21]. Furthermore, a vital link can be created between our findings and recent pathophysiology findings related to neurologic COVID-19 symptoms and neurodegenerative diseases [22,23]. Crunfli et al. showed that post-COVID-19 neurological manifestations can be related to astrocytopathy [22]. Moreover, animal models suggest that the APOE ε4 allele may be to blame for microglial activation in the early stages of Alzheimer’s [23]. Ramani et al. evaluated brain organoid neurons and revealed that exposure to SARS-CoV-2 induces stress, whose response leads to aberrant tau protein phosphorylation and apparent neuronal death [24]. Yet Segev et al. provided evidence that the ε4 allele promotes memory impairment mediated by the integrated stress response [25]. Zhang et al., using cell culture and animal models, evaluated the role of APOE in the interaction of the spike protein of SARS-CoV-2 with ACE and subsequent entry into infected cells [8]. These authors showed a possible protective role of APOE concerning viral entry into cells, with a worse performance by the ε4 allele compared to the ε3 allele, probably due to the more compact structure of the ε4 allele and, therefore, to its fewer spatial interference in preventing the interaction between virus and cell [8]. Furthermore, Chen et al. performed a meta-analysis to evaluate the interaction between APOE, the spike protein, and ACE. The authors showed that the APOE ε4 allele downregulates ACE2 protein expression in vitro and in vivo and consequently decreases the conversion of Angiotensin II to Angiotensin 1–7, which may introduce a potential mechanism by which APOE ε4 is associated with COVID-19 severity [26]. Lastly, Fernández-de-las-Peñas et al. found no association between the APOE ε4 allele and the number of COVID-19 symptoms, despite having only included hospitalized patients [27]. Through these findings, we can propose that the APOE ε4 allele may contribute to the genesis of cognitive impairment in patients with long-term COVID-19 since it protects less against COVID-19 infection and stimulates a pro-inflammatory response in patients with COVID-19, reducing endothelial repair and antioxidant activity in these patients and inducing greater microglial activation. Furthermore, the possible development of cognitive impairment in patients with Long-COVID-19 who carry the APOE ε4 allele raises concerns about the later development of neurodegenerative diseases (mainly Alzheimer’s), given the known role of such an allele as a risk factor for sporadic Alzheimer’s, corroborated by animal models that show its role in inducing cerebral amyloidogenesis.



Our study did not find a significant difference between the applied cognitive functionality and psychiatric assessment scales. Other authors have also reported this poor performance of brief cognitive screening batteries in post-COVID-19 cognitive assessment [28,29,30]. Kumar Khanna et al. evaluated 284 patients in India, six months after infection, using the MoCA and found no global decline with that battery. They concluded by emphasizing the importance of a detailed neuropsychological assessment [28]. In turn, Lynch et al. compared the performance of the MoCA with a neuropsychological assessment evaluating 60 post-COVID-19 patients, and the MoCA was 63.3% accurate in detecting some degree of reduced neuropsychological performance [30]. While subjective, the complaints reported by patients in our study involved symptoms concerning the cognitive domains of attention, executive functions, and memory [31]. Studies with more detailed cognitive assessments also found in this cognitive profile an impairment in these cognitive domains [32,33]. García-Sanchez et al. evaluated 63 patients with subjective cognitive complaints more than three months after COVID-19 infection with an extensive neuropsychological assessment, denoting that the most affected cognitive domains were attention, executive functions, and memory [33]. Delgado-Alonso et al. examined 50 patients through a detailed neuropsychological evaluation, with a mean age of 51 years (SD = 11.65) and similar to our study, evaluated more than 6 months after infection, identifying attention, executive functions, and memory [32]. In other studies, the most affected cognitive domain was memory [34,35]. This is important since the limbic structures, the epicenter of the cognitive domain of memory, can be affected by conditions associated with neuroinflammation [36]. Likewise, memory complaints in patients with more severe clinical conditions may be caused by the hippocampus being sensitive to low oxygen concentrations [37]. In this sense, Hosp et al. evaluated PET-FDG of the skull in patients in the acute phase of COVID-19 and showed limbic involvement associated with other brain structures [38]. In two different publications, using PET-FDG of the skull, Hugon et al. evaluated patients with mild COVID-19 and subsequent Long-COVID-19 with impaired memory, attention, and executive dysfunction, pointing to hypometabolism in the pons in three cases and the cingulate cortex in another two cases [39,40]. The pons and the anterior cingulate are structures whose injuries can cause executive dysfunction, thus being a possible anatomical substrate responsible for part of the cognitive symptomatology in patients with Long-COVID-19 [31].



Older adults were more susceptible to severe COVID-19 manifestations throughout the pandemic, which also puts this population at risk of cognitive decline after such more clinically severe conditions and also after hospitalization [41]. However, our study did not find any influence of age on the cognitive complaints identified, which may be due to a relatively young mean age in our sample and because most of our sample comprised patients with mild and outpatient conditions.



Our study found a trend towards an inverse relationship between cognitive impairment and anosmia, which disagrees with other studies. Cristillo et al. found a direct association between cognitive impairment and olfactory disorders in patients with COVID-19. However, in an older population, it likely signaled a marker of brain aging similar to that found in other studies [42]. Finally, our study found no associations between cognitive impairment and headache. Notwithstanding this, the association between headache and cognitive impairment can be found in patients after the acute phase of COVID-19 [43].



Furthermore, the origin of cognitive complaints may be due to psychiatric disorders [44]. Likewise, depressive symptoms are commonly associated with cognitive complaints, as in SCD [13]. In our study, individuals with cognitive decline did not have a higher frequency of depression. Ishmael et al. evaluated patients with mild COVID-19 and showed that 26.2% of patients persisted with depressive symptoms two months after infection [45]. Likewise, the impact of the disease on patients’ quality of life may contribute to depressive symptoms [46].



Our study has some significant limitations. First, there was no control group. Second, we only included patients with neurological symptoms who came to us after an announcement in social media and the media, which indicates a selection bias. Third, we have yet to have a previous cognitive assessment of patients. Furthermore, we have not had a previous cognitive assessment of the patients. Also, the results represent data for a single country. Moreover, the gold standard for classifying patients into MCI or SCD involves a detailed neuropsychological assessment rather than the method used in this study, which is only through cognitive screening tests and targeted anamnesis. It is also crucial to assess how cognitive symptoms will behave after treatment for depression in those patients with this diagnosis. Furthermore, the presence of anxiety symptoms was more frequent in patients with CD, but this complaint was not evaluated on any objective scale. It is also important to point out the additional limitation of not having differentiated the complaints between those reported voluntarily and those who were questioned by the researcher, since the voluntary reporting of complaints may denote a more significant impact on the patient’s life. Likewise, the fact that the ε4 allele correlates with memory impairment associated with the lack of a control group in our study prevents us from determining the direct causal role of Long-COVID-19 in the cognitive manifestations of those carrying this allele. Finally, there was no neuroimaging evaluation, hindering associations between complaints and radiological correlations.



One of our study’s main strengths is the assessment of patients after the acute phase of the disease. Moreover, our sample consisted of young patients with a high level of education, factors linked to greater cognitive reserve, mild forms of the disease, and after the acute/subacute phases of the disease, allowing us to show persistent symptoms even in this population [47]. Post-COVID-19 cognitive manifestations in patients with mild forms and high cognitive reserve suggest a significant and greater direct role of COVID-19 as a causal factor. Furthermore, grouping patients with dementia, MCI, and SCD under the term CD showed the high frequency of cognitive complaints in the same way that it valued the subjective complaints brought by patients, which motivated the search for care, which was important since the subjective cognitive complaints reported during the pandemic were not initially valued. However, such complaints were later objectively confirmed, primarily when evaluated by a detailed neuropsychological assessment [33]. Moreover, the analysis of the APOE polymorphism and possible associations with cognitive symptoms is unprecedented in the literature and strengthens our study.



Our study contributes valuable insights into patients experiencing cognitive issues following COVID-19. We observed that cognitive complaints are prevalent among COVID-19 patients, persisting even after the acute phase and in mild cases. Notably, the ε4 allele was more common in the group with cognitive decline. Long-term monitoring of these patients is crucial to ascertaining the persistence of this cognitive impairment over time. Additionally, conducting comprehensive neuropsychological assessments is essential for thoroughly characterizing subjects with subjective cognitive decline (SCD) or mild cognitive impairment (MCI) and for identifying the most affected cognitive domains. Lastly, it is imperative to explore neurodegenerative disease biomarkers in cerebrospinal fluid or plasma among those with cognitive impairment, linking COVID-19 to the initiation or progression of neurodegenerative disorders [48].








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/brainsci13121611/s1, Cut off scores from cognitive, functional and psychiatric assessment scales. APOE genotyping analysis information. Additional ethical information. Tables S1–S7. References [49,50,51,52,53,54,55,56,57,58,59,60,61,62] are cited in supplementary materials.





Author Contributions


The study was conceptualized and designed by J.W.L.T.-J., M.A.S.-N. and P.B.-N. J.W.L.T.-J. and P.B.-N. performed data acquisition, analysis, and interpretation. J.W.L.T.-J. and P.B.-N. drafted the manuscript. All authors contributed to the critical review of the manuscript for significant intellectual content. All authors have read and agreed to the published version of the manuscript.




Funding


The authors are grateful to the Brazilian National Council for Scientific and Technological Development (CNPq) for funding this project (409123/2022-6) and the Productivity scholarship to authors Pedro Braga Neto and Raquel Carvalho Montenegro. We are also grateful to the Coordination for the Improvement of Higher Education Personnel—Brazil (CAPES) for the funding to authors Pedro Braga Neto and Raquel Carvalho Montenegro (88881.505364/2020-01a), the Ceará Foundation to Support Scientific and Technological Development (FUNCAP) for the funding to author Carmem Meyve Pereira Gomes, and the Clinical Research Unit of the Walter Cantidio University Hospital for their valuable support.




Institutional Review Board Statement


The study project was approved by the Research Ethics Committee of the Walter Cantídio University Hospital under Opinion No. 4.092.933. All patients consented by signing an Informed Consent Form, ensuring their right to privacy and the confidentiality of the obtained information. Patients could also decline participation in the proposed activities and questions.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data is available upon request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mao, L.; Jin, H.; Wang, M.; Hu, Y.; Chen, S.; He, Q.; Chang, J.; Hong, C.; Zhou, Y.; Wang, D.; et al. Neurologic Manifestations of Hospitalized Patients with Coronavirus Disease 2019 in Wuhan, China. JAMA Neurol. 2020, 77, 683–690. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, H.; Lu, S.; Chen, J.; Wei, N.; Wang, D.; Lyu, H.; Shi, C.; Hu, S. The landscape of cognitive function in recovered COVID-19 patients. J. Psychiatr. Res. 2020, 129, 98–102. [Google Scholar] [CrossRef] [PubMed]

	



Del Brutto, O.H.; Wu, S.; Mera, R.; Costa, A.; Recalde, B.; Issa, N. Cognitive decline among individuals with history of mild symptomatic SARS-CoV-2 infection: A longitudinal prospective study nested to a population cohort. Eur. J. Neurol. 2021, 28, 3245–3253. [Google Scholar] [CrossRef] [PubMed]

	



Nath, A. Long-Haul COVID. Neurology 2020, 95, 559–560. [Google Scholar] [CrossRef]

	



Espinosa-Salinas, I.; Colmenarejo, G.; Fernández-Díaz, C.; Gómez de Cedrón, M.; Martinez, J.; Reglero, G.; Ramírez de Molina, A. Potential protective effect against SARS-CoV-2 infection by APOE rs7412 polymorphism. Sci. Rep. 2022, 12, 7247. [Google Scholar] [CrossRef]

	



Kuo, C.L.; Pilling, L.C.; Atkins, J.L.; Masoli, J.A.H.; Delgado, J.; Kuchel, G.A.; Melzer, D. APOE e4 genotype predicts severe COVID-19 in the UK biobank community cohort. J. Gerontol.-Ser. A Biol. Sci. Med. Sci. 2020, 75, 2231–2232. [Google Scholar] [CrossRef]

	



Poirier, J.; Bertrand, P.; Kogan, S.; Gauthier, S.; Davignon, J.; Bouthillier, D. Apolipoprotein E polymorphism and Alzheimer’s disease. Lancet 1993, 342, 697–699. [Google Scholar] [CrossRef]

	



Zhang, H.; Shao, L.; Lin, Z.; Long, Q.X.; Yuan, H.; Cai, L.; Jiang, G.; Guo, X.; Yang, R.; Zhang, Z.; et al. APOE interacts with ACE2 inhibiting SARS-CoV-2 cellular entry and inflammation in COVID-19 patients. Signal Transduct. Target. Ther. 2022, 7, 261. [Google Scholar] [CrossRef]

	



Zorkina, Y.; Syunyakov, T.; Abramova, O.; Andryushchenko, A.; Andreuyk, D.; Abbazova, E.; Goncharov, D.; Rakova, A.; Andriushchenko, N.; Gryadunov, D.; et al. Positive Effect of Cognitive Training in Older Adults with Different APOE Genotypes and COVID-19 History: A 1-Year Follow-Up Cohort Study. Diagnostics 2022, 12, 2312. [Google Scholar] [CrossRef]

	



Di Battista, A.M.; Heinsinger, N.M.; Rebeck, G.W. Alzheimer’s Disease Genetic Risk Factor APOE-ε4 Also Affects Normal Brain Function. Curr. Alzheimer Res. 2016, 13, 1200–1207. [Google Scholar] [CrossRef]

	



Tavares-Júnior, J.W.L. Long-covid cognitive impairment: Cognitive assessment and apolipoprotein E (APOE) genotyping correlation in a Brazilian cohort. Front. Psychiatry 2022, 13, 947583. [Google Scholar] [CrossRef] [PubMed]

	



Chen, F.; Chen, Y.; Wang, Y.; Ke, Q.; Cui, L. The COVID-19 pandemic and Alzheimer’s disease: Mutual risks and mechanisms. Transl. Neurodegener. 2022, 11, 40. [Google Scholar] [CrossRef] [PubMed]

	



Jessen, F.; Amariglio, R.E.; van Boxtel, M.; Breteler, M.; Ceccaldi, M.; Chételat, G.; Dubois, B.; Dufouil, C.; Ellis, K.A.; van der Flier, W.M.; et al. A conceptual framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. Alzheimer’s Dement. 2014, 10, 844–852. [Google Scholar] [CrossRef] [PubMed]

	



Scientific, T.F. SNP APOE, C___3084793_20. Available online: https://www.bioz.com/result/snp (accessed on 4 August 2022).

	



Akritas, M.G. Book Review: Nonparametric statistical methods, 2nd edition. Stat. Methods Med. Res. 1999, 8, 331–332. [Google Scholar] [CrossRef]

	



Jay, C.W. Practical Nonparametric Statistics, 3rd ed.; John Wiley & Sons: New York, NY, USA, 1999. [Google Scholar]

	



Moura, A.E.F.; Oliveira, D.N.; Torres, D.M.; Tavares-Júnior, J.W.L.; Nóbrega, P.R.; Braga-Neto, P.; Sobreira-Neto, M.A. Central hypersomnia and chronic insomnia: Expanding the spectrum of sleep disorders in long COVID syndrome—A prospective cohort study. BMC Neurol. 2022, 22, 417. [Google Scholar] [CrossRef]

	



Varga, Z.; Flammer, A.J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A.S.; Mehra, M.R.; Schuepbach, R.A.; Ruschitzka, F.; Moch, H. Endothelial cell infection and endotheliitis in COVID-19. Lancet 2020, 395, 1417–1418. [Google Scholar] [CrossRef]

	



Solomon, I.H.; Normandin, E.; Bhattacharyya, S.; Mukerji, S.S.; Keller, K.; Ali, A.S.; Adams, G.; Hornick, J.L.; Padera, R.F., Jr.; Sabeti, P. Neuropathological Features of COVID-19. N. Engl. J. Med. 2020, 383, 989–992. [Google Scholar] [CrossRef]

	



Mandrekar, S.; Landreth, G.E. Microglia and Inflammation in Alzheimer’s Disease. CNS Neurol. Disord.-Drug Targets (Former. Curr. Drug Targets-CNS Neurol. Disord.) 2010, 9, 156–167. [Google Scholar]

	



Huang, Y.W.A.; Zhou, B.; Wernig, M.; Südhof, T.C. ApoE2, ApoE3, and ApoE4 Differentially Stimulate APP Transcription and Aβ Secretion. Cell 2017, 168, 427–441.e21. [Google Scholar] [CrossRef]

	



Crunfli, F.; Carregari, V.C.; Veras, F.P.; Silva, L.S.; Nogueira, M.H.; Antunes, A.S.L.M.; Vendramini, P.H.; Valença, A.G.F.; Brandão-Teles, C.; Zuccoli, G.D.; et al. Morphological, cellular, and molecular basis of brain infection in COVID-19 patients. Proc. Natl. Acad. Sci. USA 2022, 119, e2200960119. [Google Scholar] [CrossRef]

	



Lee, S.; Devanney, N.A.; Golden, L.R.; Smith, C.T.; Schwartz, J.L.; Walsh, A.E.; Clarke, H.A.; Goulding, D.S.; Allenger, E.J.; Morillo-Segovia, G.; et al. APOE modulates microglial immunometabolism in response to age, amyloid pathology, and inflammatory challenge. Cell Rep. 2023, 42, 112196. [Google Scholar] [CrossRef] [PubMed]

	



Ramani, A.; Müller, L.; Ostermann, P.N.; Gabriel, E.; Abida-Islam, P.; Müller-Schiffmann, A.; Mariappan, A.; Goureau, O.; Gruell, H.; Walker, A.; et al. SARS-CoV-2 targets neurons of 3D human brain organoids. EMBO J. 2020, 39, e106230. [Google Scholar] [CrossRef]

	



Segev, Y.; Michaelson, D.M.; Rosenblum, K. ApoE ε4 is associated with eIF2α phosphorylation and impaired learning in young mice. Neurobiol. Aging 2013, 34, 863–872. [Google Scholar] [CrossRef]

	



Chen, F.; Chen, Y.; Ke, Q.; Wang, Y.; Gong, Z.; Chen, X.; Cai, Y.; Li, S.; Sun, Y.; Peng, X.; et al. ApoE4 associated with severe COVID-19 outcomes via downregulation of ACE2 and imbalanced RAS pathway. J. Transl. Med. 2023, 21, 103. [Google Scholar] [CrossRef] [PubMed]

	



Fernández-de-las-Peñas, C.; Arendt-Nielsen, L.; Díaz-Gil, G.; Gómez-Esquer, F.; Gil-Crujera, A.; Gómez-Sánchez, S.M.; Ambite-Quesada, S.; Palomar-Gallego, M.A.; Pellicer-Valero, O.J.; Giordano, R. Apolipoprotein E (ApoE) ε4 Genotype (ApoE rs429358—ApoE rs7412 Polymorphisms) Is Not Associated with Long COVID Symptoms in Previously Hospitalized COVID-19 Survivors. Genes 2023, 14, 1420. [Google Scholar] [CrossRef] [PubMed]

	



Khanna, S.; Khanna, N.; Malav, M.K.; Bayad, H.C.; Sood, A.; Abraham, L. Profiling cognitive impairment in mild COVID-19 patients: A case-control study at a secondary healthcare centre in the hilly region of North India. Ann. Indian. Acad. Neurol. 2022, 25, 1099–1103. [Google Scholar]

	



Rass, V.; Beer, R.; Schiefecker, A.J.; Lindner, A.; Kofler, M.; Ianosi, B.A.; Mahlknecht, P.; Heim, B.; Peball, M.; Carbone, F.; et al. Neurological outcomes 1 year after COVID-19 diagnosis: A prospective longitudinal cohort study. Eur. J. Neurol. 2022, 29, 1685–1696. [Google Scholar] [CrossRef]

	



Lynch, S.; Ferrando, S.J.; Dornbush, R.; Shahar, S.; Smiley, A.; Klepacz, L. Screening for brain fog: Is the Montreal cognitive assessment an effective screening tool for neurocognitive complaints post-COVID-19? Gen. Hosp. Psychiatry 2022, 78, 80–86. [Google Scholar] [CrossRef]

	



Mesulam, M.-M. Principles of Behavioral and Cognitive Neurology, 2nd ed.; Oxford University Press: Oxford, UK, 2000. [Google Scholar]

	



Delgado-Alonso, C.; Valles-Salgado, M.; Delgado-Álvarez, A.; Yus, M.; Gómez-Ruiz, N.; Jorquera, M.; Polidura, C.; Gil, M.J.; Marcos, A.; Matías-Guiu, J.; et al. Cognitive dysfunction associated with COVID-19: A comprehensive neuropsychological study. J. Psychiatr. Res. 2022, 150, 40–46. [Google Scholar] [CrossRef]

	



García-Sánchez, C.; Calabria, M.; Grunden, N.; Pons, C.; Arroyo, J.A.; Gómez-Anson, B.; Lleó, A.; Alcolea, D.; Belvís, R.; Morollón, N.; et al. Neuropsychological deficits in patients with cognitive complaints after COVID-19. Brain Behav. 2022, 12, e2508. [Google Scholar] [CrossRef]

	



Puchner, B.; Sahanic, S.; Kirchmair, R.; Pizzini, A.; Sonnweber, B.; Wöll, E.; Mühlbacher, A.; Garimorth, K.; Dareb, B.; Ehling, R.; et al. Beneficial effects of multi-disciplinary rehabilitation in postacute COVID-19: An observational cohort study. Eur. J. Phys. Rehabil. Med. 2021, 57, 189–198. [Google Scholar] [CrossRef] [PubMed]

	



Raz, N.; Rodrigue, K.M. Differential aging of the brain: Patterns, cognitive correlates and modifiers. Neurosci. Biobehav. Rev. 2006, 30, 730–748. [Google Scholar] [CrossRef] [PubMed]

	



Shaw, K.; Bell, L.; Boyd, K.; Grijseels, D.M.; Clarke, D.; Bonnar, O.; Crombag, H.S.; Hall, C.N. Neurovascular coupling and oxygenation are decreased in hippocampus compared to neocortex because of microvascular differences. Nat. Commun. 2021, 12, 3190. [Google Scholar] [CrossRef] [PubMed]

	



Sartori, A.C.; Vance, D.E.; Slater, L.Z.; Crowe, M. The impact of inflammation on cognitive function in older adults: Implications for healthcare practice and research. J. Neurosci. Nurs. 2012, 44, 206–217. [Google Scholar] [CrossRef] [PubMed]

	



Hosp, J.A.; Dressing, A.; Blazhenets, G.; Bormann, T.; Rau, A.; Schwabenland, M.; Thurow, J.; Wagner, D.; Waller, C.; Niesen, W.D.; et al. Cognitive impairment and altered cerebral glucose metabolism in the subacute stage of COVID-19. Brain 2021, 144, 1263–1276. [Google Scholar] [CrossRef]

	



Hugon, J.; Msika, E.F.; Queneau, M.; Farid, K.; Paquet, C. Long COVID: Cognitive complaints (brain fog) and dysfunction of the cingulate cortex. J. Neurol. 2022, 269, 44–46. [Google Scholar] [CrossRef]

	



Hugon, J.; Queneau, M.; Sanchez Ortiz, M.; Msika, E.F.; Farid, K.; Paquet, C. Cognitive decline and brainstem hypometabolism in long COVID: A case series. Brain Behav. 2022, 12, e2513. [Google Scholar] [CrossRef]

	



Miskowiak, K.W.; Johnsen, S.; Sattler, S.M.; Nielsen, S.; Kunalan, K.; Rungby, J.; Lapperre, T.; Porsberg, C.M. Cognitive impairments four months after COVID-19 hospital discharge: Pattern, severity and association with illness variables. Eur. Neuropsychopharmacol. 2021, 46, 39–48. [Google Scholar] [CrossRef]

	



Cristillo, V.; Pilotto, A.; Cotti Piccinelli, S.; Zoppi, N.; Bonzi, G.; Gipponi, S.; Sattin, D.; Schiavolin, S.; Raggi, A.; Bezzi, M.; et al. Age and subtle cognitive impairment are associated with long-term olfactory dysfunction after COVID-19 infection. J. Am. Geriatr. Soc. 2021, 69, 2778–2780. [Google Scholar] [CrossRef]

	



Martelletti, P.; Bentivegna, E.; Spuntarelli, V.; Luciani, M. Long-COVID Headache. SN Compr. Clin. Med. 2021, 3, 1704–1706. [Google Scholar] [CrossRef]

	



Ownby, R.L.; Crocco, E.; Acevedo, A.; John, V.; Loewenstein, D. Depression and risk for Alzheimer disease: Systematic review, meta-analysis, and metaregression analysis. Arch. Gen. Psychiatry 2006, 63, 530–538. [Google Scholar] [CrossRef] [PubMed]

	



Ismael, F.; Bizario, J.C.S.; Battagin, T.; Zaramella, B.; Leal, F.E.; Torales, J.; Ventriglio, A.; Marziali, M.E.; Martins, S.S.; Castaldelli-Maia, J.M. Post-infection depressive, anxiety and post-traumatic stress symptoms: A prospective cohort study in patients with mild COVID-19. Prog. Neuropsychopharmacol. Biol. Psychiatry 2021, 111, 110341. [Google Scholar] [CrossRef]

	



Global prevalence and burden of depressive and anxiety disorders in 204 countries and territories in 2020 due to the COVID-19 pandemic. Lancet 2021, 398, 1700–1712. [CrossRef] [PubMed]

	



Dehaene, S.; Cohen, L.; Morais, J.; Kolinsky, R. Illiterate to literate: Behavioural and cerebral changes induced by reading acquisition. Nat. Rev. Neurosci. 2015, 16, 234–244. [Google Scholar] [CrossRef]

	



Abramova, O.; Zorkina, Y.; Ushakova, V.; Gryadunov, D.; Ikonnikova, A.; Fedoseeva, E.; Emelyanova, M.; Ochneva, A.; Morozova, I.; Pavlov, K.; et al. Alteration of Blood Immune Biomarkers in MCI Patients with Different APOE Genotypes after Cognitive Training: A 1 Year Follow-Up Cohort Study. Int. J. Mol. Sci. 2023, 24, 13395. [Google Scholar] [CrossRef] [PubMed]

	



Mioshi, E.; Dawson, K.; Mitchell, J.; Arnold, R.; Hodges, J.R. The Addenbrooke’s Cognitive Examination Revised (ACE-R): A brief cognitive test battery for dementia screening. Int. J. Geriatr. Psychiatry J. Psychiatry Late Life Allied Sci. 2006, 21, 1078–1085. [Google Scholar] [CrossRef]

	



Folstein, M.F.; Folstein, S.E.; McHugh, P.R. Mini-mental state’: A practical method for grading the cognitive state of patients for the clinician. J. Psychiatry Res. 1975, 12, 189–198. [Google Scholar] [CrossRef]

	



Hughes, C.P.; Berg, L.; Danziger, W.L.; Coben, L.A.; Martin, R.L. A new clinical scale for the staging of dementia. Br. J. Psychiatry 1982, 140, 566–572. [Google Scholar] [CrossRef]

	



Pfeffer, R.I.; Kurosaki, T.T.; Harrah, C.H., Jr.; Chance, J.M.; Filos, S. Measurement of functional activities in older adults in the community. J. Gerontol. 1982, 37, 323–329. [Google Scholar] [CrossRef]

	



Yesavage, J.A.; Brink, T.L.; Rose, T.L.; Lum, O.; Huang, V.; Adey, M.; Leirer, V.O. Development and validation of a geriatric depression screening scale: A preliminary report. J. Psychiatr. Res. 1982, 17, 37–49. [Google Scholar] [CrossRef]

	



Beck, A.T.; Steer, R.A. Beck Depression Inventory Manual. Psychological Corporation, San Antonio. References-Scientific Research Publishing. 1993. Available online: https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=1927212> (accessed on 2 September 2020).

	



Benites, D.; Gomes, W.B. The Prospective and Retrospective Memory Questionnaire’s (PRMQ) translation, adaptation and preliminary validation. Psico-USF 2007, 12, 45–54. [Google Scholar] [CrossRef]

	



Tavares-Júnior, J.W.L. Avaliação da Acurácia da Escala de Addenbrooke como Instrumento de Rastreio Cognitivo de Pacientes Idosos com Baixa Escolaridade. Master’s Thesis, Faculdade de Medicina, Universidade Federal do Ceará, Fortaleza, Brazil, 2020. [Google Scholar]

	



César, K.G.; Yassuda, M.S.; Porto, F.H.G.; Brucki, S.M.D.; Nitrini, R. Addenbrooke’s cognitive examination-revised: Normative and accuracy data for seniors with heterogeneous educational level in Brazil. Int. Psychogeriatr. 2017, 29, 1345–1353. [Google Scholar] [CrossRef] [PubMed]

	



Herrera, E., Jr.; Caramelli, P.; Silveira, A.S.; Nitrini, R. Epidemiologic survey of dementia in a community-dwelling Brazilian population. Alzheimer Dis. Assoc. Disord. 2002, 16, 103–108. [Google Scholar] [CrossRef]

	



Brucki, S.M.D.; Nitrini, R.; Caramelli, P.; Bertolucci, P.H.F.; Okamoto, I.H. Sugestões para o uso do mini-exame do estado mental no Brasil. Arq. Neuropsiquiatr. 2003, 61, 777–781. [Google Scholar] [CrossRef] [PubMed]

	



Dutra, M.C. Validação do Questionário de Pfeffer para População Idosa Brasileira. Master’s Thesis, Universidade Católica de Brasília, Brasília, Brazil, 2014. [Google Scholar]

	



Almeida, O.P.; Almeida, S.A. Confiabilidade da versão brasileira da Escala de Depressão em Geriatria (GDS) versão reduzida. Arq. Neuropsiquiatr. 1999, 57, 421–426. [Google Scholar] [CrossRef]

	



Koch, W.; Ehrenhaft, A.; Griesser, K.; Pfeufer, A.; Müller, J.; Schömig, A.; Kastrati, A. TaqMan systems for genotyping of disease-related polymorphisms present in the gene encoding apolipoprotein E. Clin. Chem. Lab. Med. (CCLM) 2002, 40. [Google Scholar] [CrossRef]








[image: Brainsci 13 01611 g001] 





Figure 1. Flow diagram of participants. * may indicate headaches, anosmia, cognitive complaints, and others. 
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Table 1. Sociodemographic and clinical characteristics of the sample, post-COVID-19 symptoms, and post-COVID-19 cognitive status.
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	Sociodemographic and Clinical Data
	Total Group (n = 219)





	Sociodemographic data
	



	Gender
	



	 Female
	142 (64.8)



	 Male
	77 (35.2)



	Age (years)
	46.4 ± 14.5



	Age range
	



	 <50 years
	130 (59.4)



	 50–65 years
	67 (30.6)



	 >65 years
	22 (10)



	Scholarity in Years
	



	 0–4 years
	16 (7.3)



	 5–8 years
	27 (12.3)



	 >8 years
	176 (80.4)



	Hospitalization
	



	 No
	164 (74.9)



	 Yes
	55 (25.1)



	Clinical data—post-COVID-19 symptoms
	



	Anosmia
	



	 No
	154 (70.3)



	 Yes
	65 (29.7)



	Sleep disorders
	



	 No
	155 (71)



	 Yes
	64 (29)



	Depression
	



	 No
	181 (82.6)



	 Yes
	38 (17.4)



	Anxiety symptoms
	



	 No
	162 (74)



	 Yes
	57 (26)



	Headache
	



	 No
	150 (68.5)



	 Yes
	69 (31.5)



	Cognitive status
	



	 Dementia
	11 (5)



	 MCI
	25 (11.4)



	 SCD
	107 (48.9)



	 Normal
	76 (34.7)



	Cognitive decline (CD) x Normal
	



	 Normal
	76 (34.7)



	 Cognitive decline (CD)
	143 (65.3)



	Cognitive impairment (CI) x No Cognitive impairment
	



	 No cognitive impairment
	183 (83.6)



	 Cognitive impairment (CI)
	36 (16.4)







Continuous data are expressed as the mean ± standard deviation. Categorical data are expressed as absolute counts and percentages in parentheses. MCI: mild cognitive impairment; SCD: subjective cognitive decline. Source: Authors elaboration, 2023.













 





Table 2. Sociodemographic, clinical characteristics, and post-COVID-19 symptoms according to cognitive status.
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	Normal (n = 76)
	Dementia (n = 11)
	SCD (n = 107)
	MCI (n = 25)
	p-Value *





	Gender
	
	
	
	
	0.197



	 Female
	45 (59.2)
	5 (45.5)
	76 (71)
	16 (64)
	



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



	Age (years)
	43.2 ± 14.2
	69.8 ± 12.8
	45.3 ± 12.7
	50.3 ± 13.8
	<0.001 #



	Age range
	
	
	
	
	<0.001



	 <50 years
	54 (71.1)
	1 (9.1)
	63 (58.9)
	12 (48)
	



	 50–65 years
	16 (21.1)
	2 (18.2)
	38 (35.5)
	11 (44)
	



	 >65 years
	6 (7.9)
	8 (72.7)
	6 (5.6)
	2 (8)
	



	Scholarity in Years
	
	
	
	
	<0.001



	 0–4 years
	6 (7.9)
	5 (45.5)
	5 (4.7)
	0 (0)
	



	 5–8 years
	9 (11.8)
	3 (27.3)
	9 (8.4)
	6 (24)
	



	 >8 years
	61 (80.3)
	3 (27.3)
	93 (86.9)
	19 (76)
	



	Hospitalization
	
	
	
	
	<0.001



	 No
	60 (78.9)
	4 (36.4)
	88 (82.2)
	12 (48)
	



	 Yes
	16 (21.1)
	7 (63.6)
	19 (17.8)
	13 (52)
	



	Clinical data—post-COVID-19 symptoms
	
	
	
	
	



	Anosmia
	
	
	
	
	0.018



	 No
	49 (64.5)
	11 (100)
	72 (67.3)
	22 (88)
	



	 Yes
	27 (35.5)
	0 (0)
	35 (32.7)
	3 (12)
	



	Sleep disorders
	
	
	
	
	0.001



	 No
	63 (82.9)
	11 (100)
	67 (62.6)
	14 (56)
	



	 Yes
	13 (17.1)
	0 (0)
	40 (37.4)
	11 (44)
	



	Depression
	
	
	
	
	0.089



	 No
	66 (86.8)
	11 (100)
	84 (78.5)
	20 (80)
	



	 Yes
	10 (13.2)
	0 (0)
	23 (21.5)
	5 (20)
	



	Anxiety symptoms
	
	
	
	
	0.052



	 No
	63 (82.9)
	10 (90.9)
	72 (67.3)
	17 (68)
	



	 Yes
	13 (17.1)
	1 (9.1)
	35 (32.7)
	8 (32)
	



	Headache
	
	
	
	
	0.065



	 No
	55 (72.4)
	11 (100)
	69 (64.5)
	15 (60)
	



	 Yes
	21 (27.6)
	0 (0)
	38 (35.5)
	10 (40)
	







Continuous data are expressed as the mean ± standard deviation. Categorical data are expressed as absolute counts and percentages in parentheses. *: as determined by a chi-square test for categorical data and an ANOVA test with Tukey’s post-test for age. # p < 0.05 between the “Dementia” group vs. other groups. SCD: subjective cognitive decline; MCI: mild cognitive impairment. Source: Authors elaboration, 2023.













 





Table 3. Sociodemographic, clinical, and post-COVID-19 symptom characteristics in normal and cognitive decline (CD) groups.
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Normal

	
CD

	
p-Value




	
(n = 76)

	
(n = 143)






	
Gender

	

	

	
0.090




	
 Female

	
45 (59.2)

	
97 (67.8)

	




	
 Male

	
31 (40.8)

	
46 (32.2)

	




	
Age (years)

	
43 ± 14

	
48 ± 14

	
<0.001




	
Age range

	

	

	
0.035




	
 <50 years

	
54 (71.1)

	
76 (53.1)

	




	
 50–65 years

	
16 (21.1)

	
51 (35.7)

	




	
 >65 years

	
6 (7.9)

	
16 (11.2)

	




	
Scholarity in Years

	

	

	
0.962




	
 0–4 years

	
6 (7.9)

	
10 (7)

	




	
 5–8 years

	
9 (11.8)

	
18 (12.6)

	




	
 >8 years

	
61 (80.3)

	
115 (80.4)

	




	
Hospitalization

	

	

	
0.312




	
 No

	
60 (78.9)

	
104 (72.7)

	




	
 Yes

	
16 (21.1)

	
39 (27.3)

	




	
Clinical data—post-COVID-19 symptoms

	

	

	




	
Anosmia

	

	

	
0.167




	
 No

	
49 (64.5)

	
105 (73.4)

	




	
 Yes

	
27 (35.5)

	
38 (26.6)

	




	
Sleep disorders

	

	

	
0.004




	
 No

	
63 (82.9)

	
92 (64.3)

	




	
 Yes

	
13 (17.1)

	
51 (35.7)

	




	
Depression

	

	

	
0.232




	
 No

	
66 (86.8)

	
115 (80.4)

	




	
 Yes

	
10 (13.2)

	
28 (19.6)

	




	
Anxiety symptoms

	

	

	
0.028




	
 No

	
63 (82.9)

	
99 (69.2)

	




	
 Yes

	
13 (17.1)

	
44 (30.8)

	




	
Headache

	

	

	
0.368




	
 No

	
55 (72.4)

	
95 (66.4)

	




	
 Yes

	
21 (27.6)

	
48 (33.6)

	








Continuous data are expressed as the mean ± standard deviation. Categorical data are expressed as absolute counts and percentages in parentheses. As determined by a chi-square test for categorical data and a Student’s t-test for age. CD: cognitive decline. Source: Authors elaboration, 2023.













 





Table 4. APOE genotypes and alleles in the total group.
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	(n = 185) *

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)



	Alleles
	



	E2
	



	 No
	169 (91.3)



	 Yes
	16 (8.6)



	E3
	



	 No
	6 (3.2)



	 Yes
	179 (96.7)



	E4
	



	 No
	137 (74.05)



	 Yes
	48 (25.9)







Categorical data are expressed as absolute counts and percentages in parentheses. APOE: Apolipoprotein E gene. *: patients who had blood drawn for APOE polymorphism analysis. Source: Authors elaboration, 2023.













 





Table 5. Comparison of APOE genotypes and alleles between normal and cognitively impaired groups.
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	Normal (n = 61)
	CD (n = 124)
	p-Value





	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)
	



	Alleles
	
	
	



	E2
	
	
	0.878



	 No
	56 (91.8)
	113 (91.1)
	



	 Yes
	5 (8.2)
	11 (8.9)
	



	E3
	
	
	0.665



	 No
	1 (1.6)
	5 (4)
	



	 Yes
	60 (98.4)
	119 (96)
	



	E4
	
	
	0,038



	 No
	51 (83.6)
	86 (69.4)
	



	 Yes
	10 (16.4)
	38 (30.6)
	







Categorical data are expressed as absolute counts and percentages in parentheses. The chi-square or Fisher’s exact test was used to determine statistical significance. CD: cognitive decline; APOE: apolipoprotein E. Source: Authors elaboration, 2023.













 





Table 6. Multivariate logistic regression evaluating the independent association of the presence of allele E4 with DC adjusted for other confounders.
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DC




	

	
Initial Model

	
Final Model




	

	
Odds Ratio (95% CI)

	
p-Value

	
Odds Ratio (95% CI)

	
p-Value






	
Sex (male)

	
0.571 (0.282; 1.158)

	
0.120

	

	




	
Age

	

	

	

	




	
 <50 years

	
-

	
0.047

	
-

	
0.052




	
 50–65 years

	
2.284 (1.03; 5.061)

	
0.042

	
2.102 (0.988; 4.475)

	
0.054




	
 >65 years

	
4.062 (0.911; 18.112)

	
0.066

	
3.077 (0.923; 10.254)

	
0.067




	
Anxiety symptoms (yes)

	
3.811 (1.576; 9.213)

	
0.003

	
3.758 (1.58; 8.938)

	
0.003




	
Anosmia (yes)

	
0.597 (0.28; 1.273)

	
0.182

	

	




	
Education

	

	

	

	




	
 0–4 years

	
-

	
0.625

	

	




	
 5–8 years

	
1.109 (0.189; 6.514)

	
0.909

	

	




	
 9 years or more

	
1.776 (0.331; 9.542)

	
0.503

	

	




	
Sleep disorder (yes)

	
2.029 (0.892; 4.618)

	
0.092

	
1.931 (0.877; 4.255)

	
0.102




	
Presence of allele E4

	
2.015 (0.839; 4.838)

	
0.117

	
2.336 (1.035; 5.272)

	
0.041




	
Presence of allele E3

	
0.501 (0.045; 5.603)

	
0.575

	

	




	
Presence of allele E2

	
1.138 (0.329; 3.94)

	
0.839

	

	








The stepwise backward method was used to reach the final model.













 





Table 7. Comparison of test scores applied to the total group according to the age group of the patients.
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Age

	




	

	
<50 Years

	
50–65 Years

	
>65 Years

	
p-Value






	
PFEFFER median (Min–Max)

	
0 (0–30)

	
0 (0–20)

	
0 (0–30)

	
<0.001 A




	
Beck’s Depresion Inventory (IQR)

	
0 (0–10)

	
2 (0–12)

	
0 (0–17)

	
0.801




	
GDS (IQR)

	
0 (0–0)

	
4 (0–6)

	
3 (1–5)

	
0.455




	
CDR, median (Min–Max)

	
0 (0–0)

	
0 (0–1)

	
0 (0–3)

	
<0.001 A




	
PRMQ, mean ± SD

	
7 ± 3

	
6 ± 2

	
10 ± 8

	
<0.001 A




	
MMSE, mean ± SD

	
27.9 ± 4.1

	
26.3 ± 6.4

	
20.3 ± 10.1

	
<0.001 A




	
ACE-R, mean ± SD

	
84.9 ± 14.2

	
79.7 ± 20.9

	
54.4 ± 31.1

	
<0.001 A




	
Orientation/Attention, mean ± SD

	
16.8 ± 2.7

	
16.1 ± 3.9

	
12.2 ± 6.5

	
<0.001 A




	
Memory, mean ± SD

	
19.6 ± 5.1

	
19 ± 5.7

	
12.3 ± 8.5

	
<0.001 A




	
Verbal fluency, mean ± SD

	
10.2 ± 2.9

	
9.5 ± 3.3

	
5.4 ± 3.9

	
<0.001 A




	
Language, mean ± SD

	
24.1 ± 3.8

	
22.6 ± 6.3

	
16 ± 9.4

	
<0.001 A




	
Visuospatial abilities, mean ± SD

	
14.2 ± 2.8

	
12.9 ± 4.4

	
8.6 ± 5

	
<0.001 B








IQR: interquartile range. SD: standard deviation. As determined by an ANOVA test with Tukey’s post-test for means and the Kruskal-Wallis test with multiple comparisons for medians. A: p < 0.05: >65 years old vs. other groups; B: p < 0.05: between all groups. GDS: Geriatric Depression Scale; CDR: Clinical Dementia Rating; PRMQ: Prospective and Retrospective Memory Questionnaire’s; MMSE: Mini Mental State Examination; ACE-R: Addenbrooke´s Cognitive Examination-Revised.
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