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INTRODUCTION
The COVID-19 epidemic emerged in Wuhan in December 
2019, soon becoming a pandemic with millions of global deaths. 
Due to the rapid spread of the disease, collapse of health sys-
tems, and lack of treatment, radical measures were adopted, 
such as quarantines, in order to minimize impacts, especially 
on risk groups1.

From this pandemic, the post-COVID syndrome or long 
COVID-19 emerged, clinically defined by the Delphi method 
and announced in Geneva2. This syndrome generates sequelae 
in the systems of recovered patients, persisting for more than 
3 months after the acute infection, with frequent symptoms 
such as fatigue and dyspnea. It also causes psychological and 
neurobiological sequelae linked to the trauma experienced 
by the patient3.

Recent research suggests a relationship between the immune 
response to the virus and these effects, showing that COVID-
19 damages the central nervous system, affecting cognitive 
functions such as memory. It was noted that 67% of patients 
affected by long COVID-19 had “brain fog,”4 impairing con-
centration and verbal expression, affecting declarative mem-
ory, described as a network of synapses that allows retrieving 
specific information5. Therefore, it is important to research the 
subject to understand whether, in fact, there is a relationship 
between the disease and cognitive impairment. Thus, the gap 
of uncertainty about this cause-consequence will be closed.

METHODS
This is an integrative literature review, whose guiding theme was 
the pathophysiological effects of long COVID-19 on memory. 
This research model is presented as a descriptive study, which 

consists of the precise detailing of certain facts and phenom-
ena of reality6. We opted for an integrative review to obtain 
a holistic and critical view of the topic7. In addition, as only 
public data were used, there was no need to submit the work 
to ethical appreciation.

Thus, research was carried out in the bases: BVS, SciELO, 
MEDLINE, Periódicos CAPES, and Scopus, using a strategy 
with descriptors: (COVID OR SARS-CoV-2) AND long-term 
effects AND memory AND (neurology OR psychiatry OR 
psychology OR cognition OR cognitive functions OR men-
tal health OR brain). This strategy was based on the search 
for DeCS/MesH descriptors in the Portuguese, English, and 
Spanish versions. Moreover, the literature review on the mne-
monic effects of post-COVID syndrome was enhanced by 
incorporating the clinical definition established through the 
Delphi Consensus, along with a thorough exploration of cred-
ible scientific sources.

Inclusion criteria for papers were as follows: (a) studies 
addressing the persistent effects of COVID-19 or SARS-CoV-2; 
(b) studies published and indexed in peer-reviewed scientific 
journals; (c) studies that examined memory. Furthermore, 
as exclusion criteria, the following were applied: (a) observa-
tional studies that do not examine memory through recognized 
methods; (b) studies that were conducted in animals or cells 
in culture; (c) studies whose sample has diseases that serve as 
confounding factors for changes in memory; and (d) studies 
in which socio-environmental aspects (such as social isolation) 
altered by COVID-19 were related to memory impairment.

The screening of articles was carried out by all authors, inde-
pendently, using pre-defined criteria. To avoid discrepancies in 
choices, all screening results were evaluated by the two supervi-
sors, one of whom is a specialist in neurology, regarding study 
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designs, evaluation tools, results, and discussion, in addition 
to the conclusion, in order to filter the most suitable materials 
for the research in question.

After analyzing the complete articles, a PRISMA flowchart 
of the selection process and a table with a summary of the 
information of the 13 chosen articles were created, using the 
following parameters: year of publication; authors; title; data-
base; study design; place of study; results; and considerations.

Finally, the data and information in the table were struc-
tured in order to guide the analysis and discussion of the 
results obtained. Such structuring aimed at composing a core 
of integrated knowledge about the effects of long COVID-19 
on memory.

RESULTS
In total, 267 articles were identified in MEDLINE and under-
went a screening stage, as illustrated in Figure 1. From this 

group, the following were excluded: 107 studies involving 
animals or cell cultures; 89 articles focused mainly on the 
socio-environmental impacts of the COVID-19 pandemic on 
memory; 51 articles that presented confounding factors in the 
analysis of the relationship between COVID-19 and memory, 
such as neurodegenerative diseases; and seven observational 
studies that did not investigate memory by recognized clini-
cal or laboratory methods. Finally, 13 articles that were pub-
lished between 2021 and 2023 met the criteria and are sum-
marized in Table 1.

DISCUSSION
The National Institute for Health and Care Excellence (NICE) 
guidelines define post-COVID-19 syndrome as “signs and 
symptoms that develop during or after an infection consistent 
with COVID-19, that persist for more than 12 weeks and are 
not explained by an alternative diagnosis.”

Figure 1. Article selection flowchart. Source: realization by the authors themselves, 2023.
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Table 1. Summary of review articles.

Year Authors Title
Kind of 
study

Place of 
study

Results Considerations

2021
Hellmuth J. 

et al.9

Persistent COVID-
19-associated 

neurocognitive 
symptoms in non-

hospitalized patients.

Case series. Ambulatory.

Of the first 100 participants 
evaluated, 20 had cognitive 

problems at one or more 
study visits, 12 had cognitive 

symptoms at the baseline visit, 
and 8 had no baseline symptoms 

but noticed during follow-up.

Neurocognitive symptoms 
associated with COVID-19 

have been observed in 
young and middle-aged 

adults who have not 
undergone hospitalization.

2021
Graham EL. 

et al.8

Persistent neurologic 
symptoms and cognitive 

dysfunction in non-
hospitalized Covid-19 

“long haulers”.

Prospective 
cohort.

Neuro-
Covid-19 
Clinic of

Northwestern 
Memorial 
Hospital 

(EUA).

Non-hospitalized SARS-CoV-2 
infected had working memory 

deficit at follow-up, relative 
to the US median (T-score 43 
vs 50, p = 0.007) in the NIH 

Toolbox test.

About 80% had 
neurological impairment, 

50% with changes in short-
term memory  
and attention.

2022
Bungenberg 

J. et al.10

Long COVID-19: 
Objectifying most self-
reported neurological 

symptoms

Transversal.

RWTH 
Aachen 

University 
Hospital, 
Germany.

Patients reported difficulties 
with attention (56%), memory 

(38%), and word search 
(18%). Hospitalized had worse 
performance in MoCA, logical 
reasoning, and verbal memory.

The authors point to 
mild deficits in attention, 

processing speed, and 
memory in cognitive 

performance. Some had 
severe impairment in 

attention and  
executive functions.

2022
Premraj L. 

et al.11

Mid and long-term 
neurological and 
neuropsychiatric 

manifestations of post-
COVID-19 syndrome: 

A meta-analysis.

Systematic 
review.

—

The overall prevalence of 
memory problems was 28% 

(22–35%) in a total sample of 
10,530 properly  

screened patients.

Memory impairment stood 
out even 3 months after 

the onset of the  
acute illness.

2022
Crivelli L. 

et al.12

Changes in cognitive 
functioning after 

COVID-19 A 
systematic review and 

meta-analysis

Systematic 
review.

—

In the study, memory was one 
of the most affected domains, in 
which delay and impairment of 

immediate verbal memory were 
noted. In the longer follow-up 

study, deficits in memory coding 
were found.

The meta-analysis 
provided preliminary 
evidence suggesting 
that individuals may 

exhibit reduced cognitive 
performance in some 

domains after recovery 
from COVID-19.

2022
Nakamura 
A. et al.13

Long-Term Sequelae in 
Young Convalescent 
COVID-19 Patients.

Prospective 
cohort.

Duke 
University 
Memory 

Disorders 
Clinic.

The three patients scored 
above 26 on the MoCA. All 

were diagnosed with subjective 
cognitive impairment. 

Neuropsychological tests 
a month later showed 

improvement, except in  
verbal memory.

The authors conclude 
that young patients with 

cognitive sequelae of 
SARS-CoV-2 infection 

symptoms tend to improve 
with time.

2022
Keijsers K. 

et al.19

Memory impairment 
and concentration 

problems in COVID-19 
survivors 8 weeks 

after non-ICU 
hospitalization: A 

retrospective cohort 
study.

Retrospective 
cohort.

Jeroen Bosch 
Hospital.

Among symptoms 8 weeks after 
hospitalization, complaints of 

memory impairment were 33%.

Memory issues are 
common post-COVID, so 
there should be extensive 

care for such affected 
patients.

2022

Zawilska 
JB, 

Kuczyńska 
K.16

Psychiatric and 
neurological 

complications of long 
COVID.

Integrative 
review.

—

Memory impairment was 
observed in different age 

groups. In adults, deficits in 
short-term memory and general 

memory loss have  
been observed.

Neurological symptoms 
seem to be characteristic 
of long-term COVID, with 
cognitive deficits being the 

most recurrent.

Continue...
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Source: realization by the authors themselves, 2023.

Year Authors Title
Kind of 
study

Place of 
study

Results Considerations

2022
Soh HS, 
Cho B.15

Long COVID-19 and 
Health-Related Quality 

of Life of Mild Cases 
in Korea: 3-Months 

Follow-up of a  
Single Community  
Treatment Center.

Prospective 
cohort.

Seongnam 
Community 
Treatment 
Center, in 

South Korea.

Factors linked to persistent 
symptoms and reduced 

quality of life are: female 
gender, metabolic disease, and 

anxiety in the acute phase of 
COVID-19.

At baseline, 89.1% of 
patients had one or 

more symptoms. The 
most common persistent 
symptoms were memory 
impairment, fatigue, and 

loss of quality of life.

2022
Perrottelli 
A. et al.14

Cognitive Impairment 
after Post-Acute 

COVID-19 Infection: A 
Systematic Review of 

the Literature.

Systematic 
review.

—
Memory is among the most 
affected cognitive domains.

A relationship was 
noted between SARS-

CoV-2 infection and the 
emergence of  

memory deficits.

2023
Cavaco S. 

et al.18

Predictors of Cognitive 
Dysfunction One-Year 

Post COVID-19.

Retrospective 
cohort.

Porto 
University 

Hospital 
Center.

After 1 year, more than 50% 
of patients had abnormal 

performance on at least one 
cognitive test and more than 

one-third had significant 
cognitive complaints.

Part of patients with long-
term COVID  

have persistent  
cognitive changes

2023
Taruffi L. 

et al.17

Neurological 
Manifestations of 

Long COVID: A Single-
Center One-Year 

Experience.

Retrospective 
observational

University 
of Bologna, 

Italy.

Out of 130 patients, 46 had 
cognitive disorders. Among the 
30 assessed, 37% had changes 

in memory; 86.4% had acute 
neurological symptoms.

Of the cognitive abilities, 
memory was the most 

impaired, with a prevalence 
of 37% of patients.

2023
Gamberini 

J. et al.20

Previously independent 
patients with 

mild-symptomatic 
COVID-19 are at high 

risk of developing 
cognitive impairment 

but not depression 
 or anxiety.

Prospective 
observational.

Unit of the 
“Mons. L. 

Novarese” 
Rehabilitation 

Center 
(Moncrivello, 

Italy).

In the MoCA test, 81.1% of the 
patients had impaired memory, 

specifically in 76.7% of the 
youngest and 83.3% of the 

elderly (>65 years).

In the MoCA test, the 
elderly had a higher 
prevalence of mild 

cognitive impairment  
in memory.

Table 1. Continuation.

Memory, which is the central focus of this study, is defined 
as a facet of cognition, similar to learning, attention, language, 
and executive function. Thus, a cognitive deficit indicates a 
reduction in a previously normal domain, negatively affecting 
the individual’s daily life.

In a prospective cohort, developed in 2020, 100 patients 
were analyzed, without previous hospitalization for pneumo-
nia or hypoxemia and with clinical manifestations of COVID-
19 compatible with the guidelines of the Infectious Diseases 
Society of America (IDSA) for at least 6 weeks8. Upon con-
firmation of diagnosis using reverse transcription polymerase 
chain reaction (RT-PCR), 50 patients tested positive for SARS-
CoV-2, and the other 50 tested negative for SARS-CoV-2. A 
complete neurological examination was performed on the 52 
patients who attended the neurology clinic and a limited neu-
rological examination on the 48 patients who were followed up 
virtually. Overall, 53% had an abnormal examination, with the 
most frequent neurological signs of short-term memory deficit 
(32%) and attention deficit (27%).

On another occasion, a case series was conducted, present-
ing two reports of female patients recovering from COVID-
19, without hospitalization, with persistent neurocognitive 
symptoms9. The first patient, who was evaluated in a mem-
ory clinic, mentioned that cognitive symptoms appeared in 
the first week, including difficulty concentrating, and mem-
ory problems improved by cues and information processing. 
Despite showing deficits in working memory, she scored 30/30 
on the Montreal Cognitive Assessment (MoCA). The second 
patient, who was assessed by telemedicine 37 days after the 
onset of COVID-19 symptoms, scored perfect (30/30) on the 
Mini-Mental State Exam (MMSE). However, she reported dif-
ficulty expressing herself and reduced organization, leading to 
missed deadlines. In conclusion, the need for further research 
to determine the prevalence of neurocognitive symptoms asso-
ciated with COVID-19 was highlighted.

A cross-sectional study was carried out with 50 patients after 
infection with SARS-CoV-2 having persistent symptoms for at 
least 4 weeks10. These patients were divided into hospitalized 
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(n=21) and non-hospitalized (n=29). A neurologist conducted 
complete neurological examinations and structured interviews. 
Verbal episodic memory was assessed using the verbal auditory 
memory test (VLMT) or Word List from the CERAD-Plus 
Battery. Visual memory was analyzed with the Rey-Osterrieth 
complex figure test (ROCFT) or CERAD-Plus figure subtest. 
Patients mentioned memory complaints (38%) and word search 
problems (18%). Neuropsychological performance, in general, 
remained within the reference standards. Although hospital-
ized patients had lower verbal performance, cognitive perfor-
mance was comparable between groups and, for the most part, 
without impairment. However, the study has limitations due 
to the small sample size and the absence of a control group.

In a future meta-analysis, 18 studies were included in the 
systematic review, which included 10,530 patients for the final 
analysis11. We determined the prevalence of neurological and 
neuropsychiatric symptoms reported from 3 months after acute 
onset of COVID-19 in adults. A mean prevalence of memory 
problems was obtained around 28% of the patients, with a 
variation between 22 and 35%. The authors came to the con-
clusion that cognitive dysfunction (brain fog, memory prob-
lems, and attention disorder) was the main neurological feature 
present in patients with long-term COVID-19.

A pooled analysis of 27 studies involving 2,049 participants 
and an additional study with 16 moderate to severe SARS-CoV-
2-positive patients revealed that one of the most affected cogni-
tive domains is immediate verbal memory (38% moderate and 
11.2% severe)12. The larger study, which followed patients over 
7 months and included 749 participants, also found memory 
coding deficits in 24% (n=178) and memory recall deficits in 
23% (n=170). However, the authors of the systematic review 
highlight the scarcity of articles to conclude how the severity 
of COVID-19 or the types of symptoms directly influence 
cognition and, consequently, memory.

During the conduct of a case series, which included three 
reports of female patients under the age of 60 years, who sought 
the Duke University Memory Disorders Clinic due to com-
plaints of cognitive dysfunction after recovering from SARS-
CoV-2 infection13, the Gold Standard MoCA test or a follow-up 
neuropsychological test was administered to all three patients. 
The first patient scored 28/30 on her initial assessment and 4 
months later achieved a score of 30/30. At the baseline visit, 
the second patient achieved a MoCA score of 29/30, and after 
1 month, during follow-up, she demonstrated normal general 
cognitive function. The third patient received a MoCA score 
of 26/30 during the initial assessment and underwent neuro-
psychological tests a month later, which revealed difficulties 
in verbal memory. In summary, neuropsychological findings 

suggest that patients who experience cognitive sequelae after 
SARS-CoV-2 infection tend to experience improvement in 
their symptoms over time.

Some studies broadly address cognitive impairments result-
ing from COVID-19. Focusing on memory for this integrative 
review, in studies such as the one mentioned above, an attempt 
was made to assess the impacts on memory in comparison with 
other cognitive areas. In this context, memory proved to be one 
of the main affected aspects, which was individually consid-
ered in 37 studies for the preparation of a systematic review14, 
of which 30 indicated some degree of impairment. The con-
clusion highlighted by the authors is that all subdivisions of 
memory showed some level of impairment.

As can be observed, there are several implications of the post-
COVID syndrome on the quality of life of patients, caused by 
neurological depression and neuropsychiatric sequelae.

Another cut proposed in the analyzed studies is that of age 
groups, which describe the occurrence of systemic dysfunc-
tions in different age groups15. When considering children as 
less affected by COVID-19 infection, therefore, they are the 
least affected by long-term COVID-19. In young and elderly 
adults, the picture is different. The study points out, within 
memory impairment, that the highest percentage of adults is 
affected by “short-term” memory loss. In this population, the 
problems are accumulated, and when considering the multifac-
torial nature of the post-COVID syndrome, the consequences 
are greater. The author mentions that cognitive impairment 
even hinders the return to work.

We analyzed 103 patients who attended an outpatient clinic 
for their first consultation, on average 243 days after the ini-
tial diagnosis of COVID-1916. Among the evaluated patients, 
30 were submitted to the application of neurological scales, 
such as the MoCA. The results of the analysis indicated that 
the most impaired cognitive function was memory, affecting 
approximately 37% of patients. These findings may be related 
to later findings, which also observed neurological impairments 
in COVID-19-infected patients, however, in a period of at least 
1 year after infection17. In this context, it is possible to identify 
similarities in the results obtained, and the main discrepancy is 
the average time interval for the onset of symptoms.

The studies in this literature review help clarify the connec-
tion between coronavirus infection and later-stage memory dys-
function. However, due to the recency of events, it is likely that 
the evidence confirming the causal link between post-COVID 
syndrome and memory problems will strengthen over time.

By establishing inclusion and exclusion criteria that pri-
oritized objective and quantitative research, the researchers 
limited the scope of the study, neglecting investigations that 
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integrated social determinants into the analysis of memory. It 
is important to highlight that, even given the scarcity of arti-
cles on the topic, post-COVID syndrome has emerged as a 
triggering factor for complex complications in the memory of 
individuals affected by this specific condition. Therefore, we 
suggest a reflection on the need for more comprehensive and 
holistic approaches to fully understand the impacts of the syn-
drome on the mnemonic function, considering both objective 
aspects and underlying social elements.

CONCLUSION
The study aimed to research the connection between SARS-
CoV-2 infection and cognitive dysfunctions, using MEDLINE 
sources. However, reaching a broad conclusion about the 
pathological impact on memory through the selected articles is 
complex, due to different participant variables, such as age and 
severity of cases. There was also variation in location, with fre-
quent mentions of the American, European, and Asian regions, 
and a slight majority of female participants, with emphasis on 
adults and the elderly.

Despite the differences, there are some similarities between 
the articles: mild or asymptomatic cases of the disease can cause 
cognitive problems, affecting memory and concentration, affect-
ing quality of life18, which highlighted the negative influence 
of neuropsychiatric symptoms on quality of life assessed by the 
EuroQol-5 dimensions-5 levels questionnaire (EQ-5D-5L). 
Most patients demonstrated improvement in symptoms over 
time. Children and adolescents represent a minority in cases 
of COVID-19 and long-term COVID-19.

In addition, due to the novelty of the topic, the post-COVID 
consequences are still poorly understood. Most studies9,12-17 
mention possible pathological mechanisms contributing to 
cognitive symptoms, including direct damage by virus inva-
sion in the central nervous system9,12,14, decreased activity of 

angiotensin-converting enzyme 2 (ACE-2) – linked to mem-
ory changes in the hippocampus12,14 – and hyper-inflamma-
tory state, increasing levels of inflammatory markers such as 
cytokines, TNF-a and G-CSF, in addition to high levels of 
antinuclear antibodies.

Cases showed evidence of changes in the cortex, ranging 
from atrophy in the orbitofrontal cortex and occipital regions13 
to white matter abnormalities, impairing the frontal and parietal 
lobes14. Conditions such as decreased lung function, delirium, 
sepsis, hypoxia, vascular dysfunctions, ongoing endothelial acti-
vation, residual immune activation, and residual lesions accumu-
lated during acute illness can all worsen cognitive performance.

Regarding the drug approach, the studies were not carried 
out in-depth due to the complexity of the possible mecha-
nisms in this clinical condition, which highlights the need for 
more research.

AUTHORS’ CONTRIBUTIONS
ALO: Data curation, Investigation, Resources, Software, Writing 
– original draft. GSF: Conceptualization, Data curation, Formal 
Analysis, Investigation, Resources, Software, Visualization, 
Writing – original draft, Writing – review & editing. IFLF: 
Data curation, Investigation, Resources, Software. JEM: 
Conceptualization, Data curation, Investigation, Resources, 
Software, Writing – original draft, Writing – review & edit-
ing. JGD: Data curation, Investigation, Resources, Software. 
JSM: Data curation, Investigation, Resources, Software. LNA: 
Conceptualization, Data curation, Formal Analysis, Investigation, 
Resources, Software, Visualization, Writing – original draft, 
Writing – review & editing. TGL: Conceptualization, Data 
curation, Investigation, Methodology, Resources, Software, 
Writing – original draft. TVC: Project administration, 
Supervision, Validation. WRMM: Project administration,  
Supervision, Validation.

REFERENCES
1. Cardoso ACC, Barbosa LAO, Quintanilha LF, Avena KM. Prevalence 

of common mental disorders among medical students during the 
COVID-19 pandemic. Rev Bras Educ Médica. 2022;46:e006.

2. Organização Mundial da Saúde. OMS emite definição clínica 
oficial da condição pós-COVID-19 | As Nações Unidas no Brasil 
[Internet]. Nações Unidas no Brasil. 2021. [cited on 2023 Sep 
2]. Available from: https://brasil.un.org/pt-br/150668-oms-
emite-defini%C3%A7%C3%A3o-cl%C3%ADnica-oficial-da-
condi%C3%A7%C3%A3o-p%C3%B3s-covid-19

3. Organização Mundial da Saúde. WHO coronavirus (COVID-19) 
dashboard [Internet]. 2022. [cited on 2023 Sep 2]. Available from: 
https://covid19.who.int

4. Taquet M, Dercon Q, Luciano S, Geddes JR, Husain M, Harrison PJ. 
Incidence, co-occurrence, and evolution of long-COVID features: 

a 6-month retrospective cohort study of 273,618 survivors 
of COVID-19. PLoS Med. 2021;18(9):e1003773. https://doi.
org/10.1371/journal.pmed.1003773

5. Izquierdo I. Memória [Internet]. 3rd ed. Porto Alegre (RS): ArtMed; 
2018. [cited on 2023 Sep 2]; p. 124. Available from: https://www.
amazon.com.br/Mem%C3%B3ria-Ivan-Izquierdo/dp/8582714912

6. Triviños ANS. Introdução à pesquisa em ciências sociais: a pesquisa 
qualitativa em educação. 1st ed. São Paulo (SP): Atlas; 1987. p. 176.

7. Cronin MA, George E. The why and how of the integrative 
review. Organ Res Methods. 2023;26:168-92. https://doi.
org/10.1177/1094428120935507

8. Graham EL, Clark JR, Orban ZS, Lim PH, Szymanski AL, Taylor C, 
et al. Persistent neurologic symptoms and cognitive dysfunction in 
non-hospitalized COVID-19 “long haulers”. Ann Clin Transl Neurol. 
2021;8(5):1073-85. https://doi.org/10.1002/acn3.51350

https://brasil.un.org/pt-br/150668-oms-emite-defini%C3%A7%C3%A3o-cl%C3%ADnica-oficial-da-condi%C3%A7%C3%A3o-p%C3%B3s-covid-19
https://brasil.un.org/pt-br/150668-oms-emite-defini%C3%A7%C3%A3o-cl%C3%ADnica-oficial-da-condi%C3%A7%C3%A3o-p%C3%B3s-covid-19
https://brasil.un.org/pt-br/150668-oms-emite-defini%C3%A7%C3%A3o-cl%C3%ADnica-oficial-da-condi%C3%A7%C3%A3o-p%C3%B3s-covid-19
https://covid19.who.int
https://doi.org/10.1371/journal.pmed.1003773
https://doi.org/10.1371/journal.pmed.1003773
https://www.amazon.com.br/Mem%C3%B3ria-Ivan-Izquierdo/dp/8582714912
https://www.amazon.com.br/Mem%C3%B3ria-Ivan-Izquierdo/dp/8582714912
https://doi.org/10.1177/1094428120935507
https://doi.org/10.1177/1094428120935507
https://doi.org/10.1002/acn3.51350


7

Rev Assoc Med Bras. 2024;70(5):e20231211

Martins WRM et al.

9. Hellmuth J, Barnett TA, Asken BM, Kelly JD, Torres L, Stephens ML, 
et al. Persistent COVID-19-associated neurocognitive symptoms 
in non-hospitalized patients. J Neurovirol. 2021;27(1):191-5. 
https://doi.org/10.1007/s13365-021-00954-4

10. Bungenberg J, Humkamp K, Hohenfeld C, Rust MI, Ermis U, 
Dreher M, et al. Long COVID-19: objectifying most self-reported 
neurological symptoms. Ann Clin Transl Neurol. 2022;9(2):141-54. 
https://doi.org/10.1002/acn3.51496

11. Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D, Fanning 
J, et al. Mid and long-term neurological and neuropsychiatric 
manifestations of post-COVID-19 syndrome: a meta-analysis. 
J Neurol Sci. 2022;434:434:120162. https://doi.org/10.1016/j.
jns.2022.120162

12. Crivelli L, Palmer K, Calandri I, Guekht A, Beghi E, Carroll W, et al. 
Changes in cognitive functioning after COVID-19: a systematic 
review and meta-analysis. Alzheimers Dement. 2022;18(5):1047-
66. https://doi.org/10.1002/alz.12644

13. Nakamura A, Farrer TJ, Liu A. Long-term sequelae in young 
convalescent COVID-19 patients. Case Rep Neurol Med. 
2022;2022:9613600. https://doi.org/10.1155/2022/9613600

14. Perrottelli A, Sansone N, Giordano GM, Caporusso E, Giuliani 
L, Melillo A, et al. Cognitive impairment after post-acute 
COVID-19 infection: a systematic review of the literature. 
J Pers Med. 2022;12(12):2070. https://doi.org/10.3390/
jpm12122070

15. Zawilska JB, Kuczyńska K. Psychiatric and neurological complications 
of long COVID. J Psychiatr Res. 2022;156:156:349-60. https://
doi.org/10.1016/j.jpsychires.2022.10.045

16. Taruffi L, Muccioli L, Mitolo M, Ferri L, Descovich C, Mazzoni S, 
et al. Neurological manifestations of long COVID: a single-center 
one-year experience. Neuropsychiatr Dis Treat. 2023;19:311-9. 
https://doi.org/10.2147/NDT.S387501

17. Cavaco S, Sousa G, Gonçalves A, Dias A, Andrade C, Pereira D, 
et al. Predictors of cognitive dysfunction one-year post COVID-19. 
Neuropsychology. 2023;37(5):557-67. https://doi.org/10.1037/
neu0000876

18. Soh HS, Cho B. Long COVID-19 and health-related quality of life 
of mild cases in Korea: 3-months follow-up of a single community 
treatment center. J Korean Med Sci. 2022;37(46):e326. https://
doi.org/10.3346/jkms.2022.37.e326

19. Keijsers K, Broeders M, Baptista Lopes V, Klinkert A, Baar J, Nahar-van 
Venrooij L, et al. Memory impairment and concentration problems 
in COVID-19 survivors 8 weeks after non-ICU hospitalization: 
a retrospective cohort study. J Med Virol. 2022;94(9):4512-7. 
https://doi.org/10.1002/jmv.27831

20. Gamberini G, Masuccio FG, Cerrato M, Strazzacappa M, Ferraro D, 
Solaro C. Previously independent patients with mild-symptomatic 
COVID-19 are at high risk of developing cognitive impairment 
but not depression or anxiety. J Affect Disord. 2023;324:645-51. 
https://doi.org/10.1016/j.jad.2022.12.100

https://doi.org/10.1007/s13365-021-00954-4
https://doi.org/10.1002/acn3.51496
https://doi.org/10.1016/j.jns.2022.120162
https://doi.org/10.1016/j.jns.2022.120162
https://doi.org/10.1002/alz.12644
https://doi.org/10.1155/2022/9613600
https://doi.org/10.3390/jpm12122070
https://doi.org/10.3390/jpm12122070
https://doi.org/10.1016/j.jpsychires.2022.10.045
https://doi.org/10.1016/j.jpsychires.2022.10.045
https://doi.org/10.2147/NDT.S387501
https://doi.org/10.1037/neu0000876
https://doi.org/10.1037/neu0000876
https://doi.org/10.3346/jkms.2022.37.e326
https://doi.org/10.3346/jkms.2022.37.e326
https://doi.org/10.1002/jmv.27831
https://doi.org/10.1016/j.jad.2022.12.100

