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Abstract. Cognitive impairment is a primary manifestation of neurological symptoms associated with COVID-19 and may
occur after disease resolution. Although cognitive impairment has been extensively reported in the literature, its duration
and rate of remission remain controversial. This study discusses the various factors that influence cognitive impairment,
including demographic characteristics, genetics, as well as disease course and severity. Furthermore, imaging and laboratory
data have suggested various associations with cognitive impairment, most notably changes in EEG patterns, PET imaging,
and serum markers. Some findings suggest similarities and potential links between COVID-related cognitive impairment and
Alzheimer’s disease. Moreover, this study reviews the various mechanisms proposed to explain the development of cognitive
impairment in COVID-19, including cytokine storm, damage to the blood-brain barrier, compromise of small vessel integrity,
hypoxic conditions, and immune dysregulation.
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INTRODUCTION

The COVID-19 pandemic has placed a tremen-
dous strain on healthcare systems globally and has
had a significant socioeconomic impact. In addition
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to pulmonary symptoms, COVID-19 patients exhibit
neurological symptoms during the acute phase and
following disease resolution [1, 2]. As time has
progressed, the chronic effects of COVID-19 have
garnered increasing attention, with cognitive function
being a particularly significant one [1, 2]. In light of
the potential long-term impact and harm caused by
COVID-19, it is imperative to investigate the lasting
cognitive function changes associated with infection.
This will aid in assessing its impact on society and
individuals, as well as exploring means of prevention
and treatment.
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Numerous studies have detailed the chronic effects
of COVID-19, and terms such as “Long COVID” and
“Post-acute Sequelae of COVID-19” (PASC) have
been proposed to summarize and describe the range
of chronic symptoms including cognitive dysfunction
and other symptoms [3, 4]. Long COVID is currently
defined as a multi-system disease, usually charac-
terized by symptoms lasting more than four weeks
after initial infection [5, 6]. As one of the symptoms
of Long COVID, post-acute phase cognitive impair-
ment refers to a patient’s cognitive decline that lasts
more than 4 weeks after acute infection. Also various
studies have investigated the mechanisms leading to
cognitive decline, and it is currently believed that the
pathological mechanisms causing cognitive decline
may involve direct invasion of virus, cytokine storms,
disruption to the integrity of the blood-brain barrier,
hypercoagulability, hypoxia and immune dysregula-
tion [1, 5, 7, 8].

However, in this area have indicated convoluted
and conflicting outcomes. The mechanisms also
remain uncertain, and there is an overlap and diver-
gence between the different doctrines.

The review aims to offer a realistic assessment
of cognitive impairment caused by COVID-19 by
comparing findings from various studies in a way
that combines existing data. At a mechanistic level,
this study aims to present a comprehensive per-
spective for future researchers by summarizing the
hypotheses and corresponding evidence. Based on
the available literature, some neurocognitive symp-
toms of Long COVID appear to deteriorate over
time and tend to persist for extended periods. Full
recovery is rare for long-term COVID-19 patients;
however, a considerable portion of the symptoms
will progressively decrease during the months suc-
ceeding the disease [6]. The long-term prognosis
remains uncertain. Cognitive dysfunction is one of
the persistent symptoms of COVID-19 and exhibits
traits similar to those seen in other neurodegenera-
tive diseases [5, 9]. Currently, there are no effective
treatments for long-term COVID-19. It is antici-
pated that the numerous neuropsychiatric disorders
associated with COVID-19 will continue to pose a
challenge in the aftermath of the epidemic. Further-
more, it is expected that the incidence of cognitive
impairment and neurodegenerative diseases will rise
in the population. At the mechanistic level, it is
unlikely that direct viral invasion occurs. However,
various related mechanisms to neurodegenerative dis-
orders have been analyzed and acknowledged more
frequently.

METHODS

This review is a narrative review. We conducted
a search of PubMed up to 11 November 2023. The
following key words (MeSH or in the title/abstract)
were searched: ((‘neurologic manifestations’[MeSH
Terms] OR ‘neurological’[Title/Abstract] OR ‘cog-
nition disorders’[MeSH Terms] OR ‘cognition’
[Title/Abstract] OR ‘cognitive impairment’
[Title/Abstract] AND ‘long COVID’[Title/Abstract]
OR ‘post-COVID-19’[Title/Abstract] OR ‘post-
COVID’[Title/Abstract] OR ‘post-acute COVID-19
syndrome’[Title/Abstract])). We conducted a search
of the reference lists of relevant articles and manu-
ally searched for the most up-to-date and relevant
research available.

COVID-19 RELATED COGNITIVE
CHANGES: PREVALENCE AND
MANIFESTATIONS

Cognitive changes in post-acute COVID-19

Long COVID comprises ongoing symptomatic
COVID-19 and post-COVID-19 syndrome. Ongoing
symptomatic COVID-19 presents as signs and symp-
toms of COVID-19 lasting from 4 to 12 weeks [4].
Post-COVID-19 syndrome is characterized by signs
and symptoms that develop during or after an infec-
tion consistent with COVID-19 and continue for more
than 12 weeks and are not explained by any other
diagnosis [6]. Cognitive impairment is a common
symptom of neurological post-COVID-19 syndrome
[10]. Previous studies reported a high prevalence of
cognitive decline, whether self-reported or clinically
determined, in patients who recovered from COVID-
19 [11, 12].

Long-term cognitive dysfunction is one of the most
common impairments of Long COVID, affecting
17% to 28% of people [13]. A previous meta-
analysis reported that 38.3% of individuals who
recovered from COVID-19 self-reported cognitive
deficits [11]. In addition, 22% of individuals pre-
sented with cognitive impairment 12 or more weeks
following COVID-19 diagnosis, with more than 20%
of patients noted to exhibit cognitive impairment
with persistent symptoms of fatigue. Furthermore,
EEG studies showed that 53% of patients exhibited
impairment in at least one cognitive area two months
after COVID-19 resolution [14, 15]. Post-COVID-
19 syndrome includes a range of neuropsychiatric
symptoms encompassing cognitive decline and is
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more common in women, older people, patients who
suffered severe acute COVID-19, and patients with
pre-existing comorbidities [15] (Table 1).

Table 1
Prevalence of cognitive impairment in different studies.

Study Prevalence Factors Associated with
cognitive impairment

Möller et al.,
2023 [13]

17%–28% Prolonged cognitive
dysfunction

Grover et al.,
2021 [11]

38.3% Self-reported cognitive
deficits

Ceban et al.,
2022 [15]

22% Presented with cognitive
impairment 12 or more
weeks following
COVID-19 diagnosis

Ceban et al.,
2022 [15]

20% Fatigue

Cecchetti et
al., 2022 [14]

53% EEG showed impairment in
at least one cognitive area
two months after
COVID-19 resolution

COVID-19-related cognitive impairment can be
divided into two categories based on the presence
or absence of structural brain lesions [16]. Accord-
ing to a previous meta-analysis, most patients with
COVID-19 were reported to suffer functional deficits
in executive function, memory, and attention. In addi-
tion, COVID-19 patients suffered deficits in learning,
inhibitory control, speech fluency, and processing
speed [17]. A study enrolling patients who recovered
from COVID-19 reported deficits in working memory
(55%), attention shifting (47%), distraction (46%),
and processing speed (40%) [18].

Importantly, studies have reported correlations
between the severity of cognitive impairment and
illness severity. A cohort study evaluating cognitive
deficits in patients who suffered moderate-to-severe
COVID-19 infection 10–35 days after discharge
showed that patients who required oxygen admin-
istration but did not receive ICU care had lower
scores in verbal memory, visual memory, attention,
working memory, complex working memory, pro-
cessing speed, and overall cognition than patients
who received ICU care [19, 20]. Similarly, another
study reported that post-ICU patients performed
worse on global cognitive functioning than patients
who did not receive ICU care [21].

Furthermore, a previous study showed that cog-
nitive impairment was associated with the severity
of respiratory symptoms, the degree of pulmonary
function, and d-dimer levels [19].

The significant variability in cognitive impair-
ment in post-COVID-19 could be due to differences

in cognitive function screening indicators and the
demographic characteristics of study participants.
A previous study revealed that young patients or
patients with mild illness showed more diverse cogni-
tive deficits. In contrast, patients with severe illnesses
or older patients tended to have some of their cogni-
tive domains spared. Similarly, a comparison of two
groups of similarly-aged patients revealed significant
variabilities in cognitive impairment [22]. Further-
more, a study enrolling adolescents with COVID-19
revealed no significant changes in cognitive function
in asymptomatic patients, with only the executive
function being affected compared with healthy con-
trols. Furthermore, hospitalized patients exhibited
greater impairment in cognitive and executive func-
tions, with more significant impairment in working
memory than non-hospitalized patients [23].

Overall, cognitive impairment is widespread and
varied in post-acute COVID-19 patients. Impair-
ments including verbal memory, visual memory,
attention, working memory, complex working mem-
ory, processing speed and overall cognition have been
reported. And its severity and presentation may be
related to a range of factors, including the patient’s
age and severity of disease.

ELECTROPHYSIOLOGICAL FINDINGS

A previous study exploring quantitative electroen-
cephalogram (QEEG) in COVID-19 patients in the
post-acute phase showed increased frequency of
theta and alpha waves and sensorimotor rhythm
(SMR) in the right hemisphere relative to the left.
Meanwhile, significantly increased Beta2 waves in
both hemispheres and increased Beta1 waves in
the left hemisphere, and decreased SMR. Simi-
larly, other studies have reported changes in theta
and alpha waves, including studies investigating
cognitive impairment in non-COVID-19 patients,
suggesting that these QEEG changes are associated
with cognitive impairment. Furthermore, signs of
mental fatigue have been shown in QEEG changes.
A follow-up study enrolling COVID-19 patients up
to over ten months after hospital discharge revealed
increased current density and connectivity in the
delta band in areas associated with altered executive
function and increased white matter hyperintensity
(WMH) load associated with verbal memory deficits.
In addition, the cognitive impairment and delta band
EEG connectivity decreased over time [24, 25].
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IMAGING

Imaging modalities are frequently employed in
cognitive impairment. A longitudinal analysis of MRI
data obtained from 401 patients before and after
COVID-19 infection and 384 controls revealed a
greater reduction in gray matter thickness and tis-
sue contrast in the prefrontal cortex, parahippocampal
gyrus, and regions associated with olfactory corti-
cal functions among infected patients, this change
occurs between 1 and 13 months after infection.
Furthermore, COVID-19 is linked to the develop-
ment of AD and other forms of dementia [26].
A previous study suggested that COVID-19 could
induce an AD-like pathology by accelerating amy-
loid deposition [27]. Positive correlations have also
been found between the degree of decline in cogni-
tive function and the degree of cortical involvement in
prefrontal and temporal gyrus, insula, posterior cin-
gulate gyrus, parahippocampal gyrus, and parietal
regions in patients with COVID-19 after the acute
phase [28]. Given those studies have identified spe-
cific brain regions where reductions in GMV have
been shown to correlate negatively with levels of
inflammatory factors in the cerebrospinal fluid, struc-
tural changes in the brain after COVID-19 may be
related to inflammation [28, 29].

Although the interpretation of post-COVID-19
PET imaging data remains controversial, significant
differences exist between imaging findings of post-
COVID-19 symptoms and COVID-19 encephalopa-
thy, suggesting that post-COVID-19 syndrome could
have different mechanisms with encephalopathy [26,
30].

LABORATORY ANALYSES IN
POST-COVID-19 COGNITIVE
IMPAIRMENT

Neurological damage and neurodegeneration
caused by COVID-19 could be responsible for
cognitive impairment. A previous study profiling
transcriptomes of frontal cortex and choroidal sam-
ples from eight patients with severe COVID-19,
revealed no molecular traces of SAR-CoV-2 in
the brain. However, broad cellular pertubations
were observed indicating that barrier cells on the
choroidal plexus sense and relay inflammation into
the brain. Furthermore, the study showed infiltra-
tion of peripheral T cells into the brain parenchyma.
In addition, the researchers identified subpopulations
of microglia and astrocytes associated with COVID-

19 that share features with pathological cell states
previously reported in human neurodegenerative dis-
eases. Moreover, a pattern of dysfunction in neurons
was reported in snRNA-seq studies of autism and
associated with cognitive deficits [31]. In addition,
a previous study showed a mutualistic relationship
between COVID-19-associated and AD-associated
neuroinflammation, and abnormal expression of AD
biomarkers in the cerebrospinal fluid and serum of
COVID-19 patients [32]. These findings suggest a
molecular mechanism associated with long-term cog-
nitive impairment in COVID-19 and mechanistic
similarities and cross-talk between COVID-19 and
AD-associated neuroinflammation.

A previous study also showed that plasma
biomarkers of AD, including plasma neurofilament
light chain (pNfL, a biomarker of nerve axon injury),
and glial fibrillary acidic protein (pGFAP) were asso-
ciated with COVID-19-related cognitive impairment.
In addition, patients with severe infection were shown
to have higher plasma levels of SARS-CoV-2 Nucle-
ocapsid antigen (pNAg) even three weeks after the
onset of symptoms, suggesting that the disease could
have prolonged antigenic stimulation [33].

In addition, Frontera et al. explored the correlation
between serum total tau (t-tau), phosphorylated tau-
181 (p-tau181), ubiquitin carboxy-terminal hydro-
lase L1 (UCHL1), and amyloid-� (A�), and different
levels of cognitive impairment in non-COVID-19
patients. They showed a correlation between these
biomarkers and disease severity. In addition, they
showed a significant correlation between neurode-
generative biomarkers and the inflammatory marker
of d-dimer, which could explain the link between
cognitive impairment and inflammation or hypoxia
[34].

However, the mechanisms underlying COVID-19-
related cognitive impairment are still unknown. A
study exploring the relationship between AD-like sig-
nals and inflammation or hypoxia showed increased
oxidative stress and cytokine expression in the brain
tissue of COVID-19 patients [35].

Overall, there was a more frequent positive rela-
tionship between indicators of neuroinflammation
and cognitive impairment. These findings provide
a basis for linking inflammatory hypoxia, cognitive
impairment, and neurodegeneration in COVID-19.

PROGNOSIS

A previous study analyzed the prognosis of patients
with COVID-19-related neurological impairment,



W. Wang et al. / Cognitive Impairment in the Post-Acute Phases of COVID-19 651

including cognitive impairment [36]. Both clinical
and animal studies have shown that post-COVID-19-
related neurological symptoms are associated with
mortality and long-term neuropsychiatric impairment
[37]. Furthermore, delirium in the acute phase could
affect cognitive function. Moreover, acute delirium is
associated with an increased risk of long-term cog-
nitive impairment [9]. Another study reported that
delirium was an independent predictor of long-term
cognitive impairment [38–41]. However, studies have
shown that patients with mild COVID-19 are only at
risk for a small number of health problems, includ-
ing cognitive impairment and weakness, and most of
these resolve within a year. This may suggest a milder
effect of mild COVID on neurological and cognitive
function [2].

Molecular imaging techniques such as PET and
SPECT suggested reversibility of brain lesions in
severe cases of COVID-19. For example, case series
of patients with COVID-19-related encephalopathy
(acute to subacute phase) and systematic studies have
consistently shown that neocortical dysfunction of
the frontal lobe was reversible within six months in
most cases [30].

Cognitive impairment and remission of long-term
symptoms after COVID-19 remain rather compli-
cated. Despite differences in specific time points and
disease severity, most studies show commonalities,
such as a significant proportion of patients experienc-
ing persistent cognitive impairment at least a month
after COVID-19 infection.

Studies have reported remission of cognitive
impairment and worsening of cognitive impair-
ment. In most studies, remission was reported to
occur from 10-12 months after COVID-19 [14,
15, 42]. Several studies have shown the per-
sistence of inflammation and neurodegeneration,
indicating that cognitive impairment persists over
time [15, 34, 43]. A follow-up study of post-
infection symptoms in 31,486 patients found that
6% did not recover and 42% only recovered par-
tially [44]. Furthermore, another study reported that
only 0.9% of patients still showed symptoms at
12 months after recovery from the acute phase
[45].

A follow-up study conducted at 6 months and
12 months after hospital discharge showed various
changes in cognitive impairment over time, including
no change in cognitive function, late-onset cogni-
tive impairment (no cognitive decline on the first
assessment), early onset cognitive impairment (no
cognitive decline on the second assessment), and pro-

gressive cognitive impairment (cognitive decline in
both assessments) [43].

In summary, long-term problems other than self-
reported cognitive impairment are less common in
mildly ill COVID-19 patients, and persistent cogni-
tive impairment is more common in severely ill and
older patients. Symptoms resolve over time in most
patients, but some patients have incomplete remission
after 12 months of acute infection. And the timing and
extent of the onset of remission has varied widely
between studies.

RISK FACTORS OF COGNITIVE
CHANGES IN COVID-19

The factors influencing COVID-19-related cogni-
tive impairment and the resulting changes can provide
clues for the pathological processes and mechanisms
underlying the cognitive impairment.

A previous study exploring post-COVID-19 Syn-
drome (PCS), including cognitive impairment and
other neurological symptoms, such as fatigue,
reported that older age, severe acute illness, and
pre-existing comorbidities were all associated with
a higher incidence of PCS symptoms [15].

Increased age is often associated with increased
disease severity and cognitive impairment. A meta-
analysis of 14 studies showed that increased age was
associated with a higher incidence of PCS symptoms
or a lower quality of life [15]. Furthermore, a previ-
ous study showed that every 1-year increase in age
was associated with a -0.064 change in total MoCA
score, indicating a link between age and cognitive
impairment [19]. The association between age and
cognitive impairment could be due to an inflamma-
tory state hastening the onset of neurodegenerative
diseases.

Underlying diseases and education could influ-
ence cognitive impairments following COVID-19. A
previous study enrolling older patients with a post-
infection showed that advanced low education and
underlying diseases were related to cognitive impair-
ments after COVID-19 [9]. Several studies have
shown that comorbidities such as cerebrovascular
diseases, diabetes mellitus, and chronic obstructive
pulmonary disease can aggravate COVID-19 symp-
toms, thus influencing disease severity [46]. Chronic
obstructive pulmonary disease (COPD) was also
reported to be a risk factor for developing cognitive
impairment and decline of cognitive function [9].
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Dementia is a significant risk factor for COVID-
19, with dementia patients with COVID pneumonia
showing nearly twice higher mortality rates than
those without dementia [47]. Evidence also suggests
that AD is a potential risk factor for COVID-19
severity and patients with AD are more likely to get
COVID-19 infection [48].

The immune response and excessive inflammation
during COVID-19 infection may hasten neurode-
generation, increasing the risk of neuropathological
consequences. Furthermore, pre-existing AD may
exacerbate COVID-19 pathological changes by elic-
iting a strong immune response [49]. Moreover,
AD-related genes, such as APOE �4, are associated
with the risk and severity of COVID infection [50].

The severity of symptoms and whether patients
received hospitalization or ICU care have been
reported to influence COVID-19-related cognitive
impairment. Patients with severe COVID-19 in the
acute phase show more severe cognitive function
impairment [9, 15, 17, 21, 39, 43]. Hospitalization
and the need for ICU care are frequently studied
as criteria for infection severity. Previous studies
reported that patients requiring hospitalization or ICU
care had more severe cognitive impairment [21]. The
need for ICU care during the acute phase of COVID-
19 is considered one of the main factors influencing
impairment in executive function [14].

Several studies have also investigated which spe-
cific factors in the exacerbation of COVID-19
infection contribute to cognitive decline. Cognitive
impairment in COVID-19 often occurs after acute
respiratory distress syndrome (ARDS). Furthermore,
the negative impact of hypoxia on cognition has
been demonstrated [51, 52]. Although several studies
have investigated the relationship between cogni-
tive impairment and pulmonary function, a previous
meta-analysis showed mixing results [19]. It has also
been reported that the relationship between ARDS
and the degree of cognitive impairment is unclear
[39]. In addition, some previous studies reported that
spike proteins and nucleocapsid proteins during viral
infection with coronavirus could affect host cell pro-
tein synthesis and the cellular senescence process.
Furthermore, several studies have reported a correla-
tion between elevated D-dimers and cognitive decline
in COVID-19 patients [53, 54].

Moreover, different strains of the COVID-19 virus
could influence COVID-19-related cognitive impair-
ment. A previous study showed that the incidence
of sequelae of the Omicron strain was 24–50% that
of the Delta strain [55]. In addition, some neu-

rological symptoms experienced during the acute
phase of COVID-19, such as abnormal taste and
smell, as well as memory vulnerability, could also
be linked to cognitive decline following resolution of
COVID-19. Verbal memory tests showed that patients
with dysgeusia and hyposmia during acute illness
improved much more slowly than patients without
dysgeusia/hyposmia [14]. This finding may suggest
a correlation between function loss and the mech-
anisms behind cognitive impairment. As mentioned
earlier, delirium is an independent predictor of long-
term cognitive impairment [39]. Individuals with
acute delirium in COVID-19 could be more suscep-
tible to developing long-term cognitive impairment
[40, 41]. Researchers raised a possibility that PASC
could be a post-infection autoimmune phenomenon
because patients with post-neurological infection
symptoms had a higher likelihood of autoimmune
diseases prior to COVID-19 [33].

In conclusion, risk factors include demographic
factors (age, race, genetics and underlying disease)
and factors related to the COVID-19 infection (clin-
ical symptoms, severity and treatments). Psychiatric
symptoms in the post-infection phase may also be
associated with cognitive impairment.

POSSIBLE PATHOPHYSIOLOGICAL
MECHANISMS OF COVID-19-RELATED
COGNITIVE IMPAIRMENT

Cognitive impairment due to COVID-19 infec-
tion could manifest in various ways. The main
possible mechanisms include: neuroimmune-related
mechanisms, inflammatory injury, autoimmune and
neurodegeneration-related mechanisms, microvascu-
lar injury, and brain hypoxic injury as shown in Fig. 1.

DIRECT INVASION OF THE NERVOUS
SYSTEM BY CORONAVIRUS

Neuroinvasion is one of the widely discussed
mechanisms behind the development of neurologi-
cal symptoms in COVID-19. Previous studies have
reported the discovery of virus-like particles and
RNA in the central nervous system of COVID-19
patients [56, 57]. Viral particles are thought to invade
the CNS through hematologic, neural, lymphatic,
cerebrospinal fluid pathways, and the immune cell-
mediated pathway [32]. In general, however, there is
a lack of conclusive evidence of direct viral invasion.
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Fig. 1. Possible pathophysiological mechanisms of cognitive impairment in COVID-19.

VIRUS INDIRECTLY AFFECT THE
CENTRAL NERVOUS SYSTEM

Several studies suggest that the mechanisms
behind COVID-19-related cognitive impairment
could be related to factors associated with viral infec-
tion in peripheral tissues and the cytokine storm.

CYTOKINE STORM AND
INFLAMMATORY DAMAGE

Several cytokines have been detected in patients
with severe COVID-19 infection, including IL-2,
IL-6, IL-7, IL-1�, tumor necrosis factor-alpha (TNF-
�), IFN-�, interferon gamma-inducible protein 10
(IP-10), monocyte chemotactic protein 1 (MCP-1),
granulocyte colony-stimulating factor (G-CSF), and
other molecular and inflammatory markers associ-
ated with COVID-19 severity [8]. In critically ill
patients, severe lymphopenia, pro-inflammatory T-
cell hyperactivation, and a decrease in regulatory
T-cells are also reported. The cytokine storm may
affect macrophages, microglia, and astrocytes in the
CNS, thus contributing to neuronal damage [31].

The effects of inflammatory processes on the cen-
tral nervous system are closely linked to glial cells.

It has been shown that during COVID-19 infec-
tion astrocytes are involved in the inflammatory
process [58]. Changes in microglia and astrocytes
have been reported in both animal experiments and
autopsy reports of deceased cases. Microglia activa-
tion during inflammatory states leads to the release
of various pro-inflammatory mediators, thus causing
an overreaction. In addition, microglia activation and
overreaction are associated with phagocytic hyper-
activity, which may induce neurological damage
such as neurodegeneration. Mice models of neuroin-
flammation were shown to have elevated levels of
chemokines in cerebrospinal fluid and serum and
activation of microglia in subcortical and hippocam-
pal white matter regions. Furthermore, various genes
associated with neuroinflammation were shown in a
transcriptomic analysis of eight COVID-19 patients.
A cluster of astrocytes was also shown to be associ-
ated with COVID-19 [31, 59].

While inflammatory changes in glial cells and
other cellular components of CNS may be closely
related to long-term cognitive impairment after
COVID-19, several studies have demonstrated
similarities between COVID-19-related neuroin-
flammation and neuroinflammation associated with
neurodegenerative diseases such as AD [58]. Recent
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animal experiments have also validated the role of
neuroinflammatory factors, particularly immune cells
and cytokine factors, in aging and cognitive impair-
ment. There is also a possibility of crossover between
astrocyte and microglia activation during aging and
systemic inflammation [60], which could provide
some insights into the long-term cognitive impair-
ment after COVID-19.

DAMAGE TO THE BLOOD-BRAIN
BARRIER

The blood-brain barrier damage could be due
to the direct invasion of the blood-brain barrier
by SARS-CoV-2, a severe inflammatory state, or
hypoxia [28]. The discovery of ACE2 receptors on
microvascular endothelial cells of the human brain
and the presence of SARS-CoV-2 particles in brain
capillary endothelial cells explains the possibility
that SARS-CoV-2 infection could directly damage
vascular endothelial cells [61, 62]. Furthermore, pro-
inflammatory cytokines such as IL-6 and TNF-� can
reduce mRNA levels of Zonula Occluden (ZO-1)
and promote its phosphorylation, an inflammatory-
related mechanism that may compromise the integrity
of the blood-brain barrier. In addition, blood-brain
barrier components affected by inflammation could
transmit inflammatory signals to the brain. More-
over, researchers have also identified endothelial
cells expressing inflammasome-related mechanisms
[63]. Impairment of the blood-brain barrier leads to
increased permeability, which could lead to further
inflammation and glial cell dysfunction [58].

VASCULAR INJURY AND
HYPERCOAGULABLE STATE

Several studies and autopsies have reported
intracranial thrombotic complications, small vessel
leakage, and coagulation abnormalities in patients
with COVID-19 [64, 34]. Small vessel injury and
a hypercoagulable state of blood can contribute to
CNS thrombosis, resulting in impaired CNS function.
These injuries may be associated with both direct
infectious damage and an inflammatory state. The
damaging effect on the vascular endothelium during
the infection process can have a substantial impact on
coagulation. Cytokines play a role in the development
of hypercoagulable state. A group of patients with
COVID-19 and stroke from Wuhan, China showed
elevated levels of IL-6, IL-8 and TNF-�. Both IL-8

and TNF-� have been reported to promote the release
of vascular hemophilic factor, a marker of endothe-
lial injury, and IL-6 inhibits the cleavage of vascular
hemophilic factor and promotes platelet aggregation
[65]. Other scholars reported that hypoxia may also
contribute to these cerebrovascular events [65].

HYPOXIA

Hypoxia is a commonly discussed mechanism
in COVID-19. It has been linked to the severity
of post-COVID-19 symptoms, as mentioned earlier.
Secondly, neuropathological findings indicate that
microglia activation in COVID-19 resembles that
observed in hypoxic patients. Moreover, there is sig-
nificant evidence linking hypoxia to neurological
damage, including cognitive impairment [66]. Addi-
tionally, COVID-19 can frequently induce hypoxic
symptoms due to its impact on the respiratory system.
Hypoxia can directly affect CNS function by influ-
encing CNS energy metabolism, leading to hypoxic
encephalopathy and causing a range of sequalae.
Hypoxic changes in the CNS have been reported
in autopsies from COVID-19 patients [67]. Periph-
eral infections and hypoxia can also affect the CNS
and trigger inflammation in brain. For instance,
hypoxia is thought to be a stressor that induces
blood-brain barrier disruption, which promotes infil-
tration of peripheral immune cells and leakage of
blood proteins (including cytokines) to the brain.
The mechanism of hypoxia-induced blood-brain bar-
rier disruption is well-documented. In the context of
COVID-19, the presence of pulmonary lesions poses
a risk of hypoxia to various tissues in the body. This
hypoxia can trigger the release of systemic cytokines
through HIF-related pathways[8]. Furthermore, HIF-
1� stabilization in microvascular endothelial cells
increased the transcription of VEGF and integrins to
increase vascular permeability. Together, these mech-
anisms lead to the impairment of the blood-brain
barrier and contribute to peripheral inflammation that
affects the brain [68, 69].

AUTOIMMUNE DAMAGE

COVID-19 infection may cause autoimmune dam-
age, which is reflected to some extent in several
COVID-19-associated peripheral neurological dis-
orders such as Guillain-Barré syndrome [70]. The
idea that autoantibodies play a role in cognitive dys-
function has been supported by several studies [71].
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Studies have shown reported the increased levels
of autoantibodies in COVID-19 [5]. This autoim-
mune response may be due to molecular mimicry
and other multiple mechanisms that cause autoim-
mune response, causing neurological damage. This
mechanism can result in both peripheral neurological
disorders and CNS effects. Research has demon-
strated that SARS-CoV-2 can induce the production
of anti-NMDA-R autoantibodies, leading to autoim-
mune encephalitis [72]. These findings suggest that
antibody-mediated autoimmune attack plays a role
in COVID-19-related neurological damage and may
contribute to neurodegenerative changes in affected
patients.

COMMONALITIES AMONG
MECHANISMS

Taken together, it is evident that cognitive impair-
ment in post-acute phase of COVID-19 is, to some
extent, related to the inflammatory factors caused by
the infection. Inflammatory damage is implicated in
several processes, including damage to the blood-
brain barrier and small vessel injury. Changes in
inflammatory mediators exhibit similarities to certain
other neurodegenerative diseases. Studies of struc-
tural changes in the brain and inflammatory factors
have provided a basis for the role of inflammatory
factors in this process.

CONCLUSION AND FUTURE
PERSPECTIVES ON THE IMPACT OF
COVID-19 IN COGNITIVE DISORDERS

As the COVID-19 epidemic fades, the focus of
attention has shifted towards the post-COVID stage,
which has emerged as a prominent topic of dis-
cussion. With increasing research on Long COVID,
several concerning findings have been reported.
Patients with Long COVID seldom experience full
recovery, and the long-term prognosis of this condi-
tion remains uncertain. Cognitive impairment, as one
of the symptoms of Long COVID, also exhibits per-
sistent and delayed onset characteristics, and it has
shown similar features as other neurodegenerative
diseases [5, 35, 43]. Currently, there are no effec-
tive treatments for Long COVID. It is anticipated
that the numerous neuropsychiatric disorders associ-
ated with COVID-19 will continue to be a challenge
long after the epidemic. Furthermore, considering the
potential mechanistic similarities with neurodegen-

erative diseases such as AD, there is an expected
rise in the incidence of cognitive impairment and
neurodegenerative disorders in the population. Con-
sequently, there is a need for further investigation to
improve our understanding of the mechanisms under-
lying this pathological process [73]. In addition, due
to the mechanistic complexity, there may also be indi-
vidual differences in the mechanisms that produce
PASC in COVID-19 patients, and thus personalized
treatment may be even more beneficial [3]. Follow-up
studies, animal studies and follow-up of patients with
neuroinflammatory markers as well as degenerative
biomarkers is advocated using imaging techniques
including MRI to help clinicians assess the long-
term cognitive prognosis and guide the treatment of
cognitive impairment.
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[56] Palao M, Fernández-Díaz E, Gracia-Gil J, Romero-Sánchez
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