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Abstract

Introduction: The neuropathological etiology of COVID-19 suggests infection may increase the risk of neurodegenerative
disorders, most notably Alzheimer’s disease (AD). Despite some overlap between COVID-19 and AD, the current research
on this relationship is developing and evidence has been mixed. This review aims to assess the literature on how the
neurological and cognitive sequalae associated with COVID-19 infection affect risk for AD and its associated symptoms, and
vice versa.

Methods: Articles were found by searching through the PubMed database with the terms (sensory OR cognitive OR
neurological OR neuroimaging) AND (Alzheimer’s disease OR Alzheimer’s OR dementia) AND (COVID-19 OR SARS-
CoV-2 OR COVID). Search inclusion criteria required the papers be written in English, be published in 2020 or later, and
pertain to COVID-19 and/or AD specifically. This process was supplemented by manual searching. The articles used for this
review include meta-analyses, literature reviews, and prospective and retrospective empirical studies.

Results: Various well-known AD risk factors and outcomes may be observed in COVID-19 patients, and vice versa. These
include amyloid precursor protein (APP) buildup, tau hyperphosphorylation, the apolipoprotein E (APOE) ede4 genotype,
angiotensin converting enzyme 2 (ACE2) gene expression, cholinergic functioning, delirium, cognitive decline, and
deleterious effects on brain structure and function.

Discussion: COVID-19 may increase AD risk and development by increasing protein build-up and damaging AD-related
brain regions, which may underlie sensory and cognitive deficits. Furthermore, COVID-19 and AD may interact in positive
feedback loops to worsen the development of both. These interactions may be mediated by demyelination, inflammation,
APOE ede4 genotype, and ACE2 expression. Clinical implications for those with COVID-19 and/or AD include the
possibility of treatments aimed at cholinergic functioning, as well as high flow oxygen therapy.

Conclusion: COVID-19 may increase the risk for and development of AD. AD, in turn, may also increase risk for COVID-
19 infection, acting in a positive feedback loop. Future directives include further research on tau pathology, delirium, and
amyloid precursor protein processing. Additionally, studies could benefit from telemedicine. Lastly, assessment of AD risk
due to COVID-19 could integrate delirium and subjective reports of “brain fog” as measures for underlying risk factors.

Keywords: SARS-CoV-2; Alzheimer’s disease; beta-amyloid peptide; tau; demyelination; APOE gene; ACEZ2; cognitive
decline

Introduction

Since its first confirmed case in 2019, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2, also
known as COVID-19) has caused over 6.5 million deaths
worldwide as of 2022 [1]. The symptoms and effects of
COVID-19 infection vary individually, but infection tends to
impair sensory, cognitive, and neural functioning. Effects
include olfactory and gustatory dysfunction, long-term “brain
fog” (i.e., subjective reports of fatigue long after COVID-19
infection), and delirium [2-4]. Research on the
neuropathological etiology of COVID-19 in the central
nervous system (CNS) suggests the COVID-19 spike protein
binds to angiotensin converting enzyme 2 (ACE2) receptors
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of neurons and glial cells, and on the capillary endothelium
of the cerebrum [5]. This leads to a systemic inflammatory
response, as seen in ensuing cytokine storms [6], which are
severe immune system reactions involving elevated cytokine
levels and immune cell hyperactivation. Inflammation from
COVID-19 infection can then compromise the blood-brain
barrier (BBB) [6]. Ensuing brainstem infection can then
impair cardiovascular and respiratory function, resulting in
hypoxia, or low levels of oxygen in body tissues [6,7].
Hypoxia and neuroinflammation may damage the cerebral
cortex including the hippocampus, which may influence the
presentation of clinical symptoms resembling those of
neurodegenerative of disorders [7].
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Alzheimer’s disease (AD) is part of the group of
neurodegenerative disorders that can cause the clinical
syndrome of dementia. Dementia due to AD is associated
with loss of independent function and cognitive decline in
memory, executive function, and language; as well as
neuropsychiatric symptoms (NPS) such as depression,
psychosis, and sleep disorders [8,9]. AD is usually preceded
by mild cognitive impairment (MCI), a prodromal stage of
dementia involving memory loss that does not affect a
person’s ability to complete daily activities. It has been
proposed that in AD, amyloid precursor protein (APP) in
the brain is broken down into beta-amyloid (Ag) proteins,
which clump together into plaques that result in cell death
[10]. Although AP is implicated in AD progression, it
should be note that its exact role is uncertain [11].
Hyperphosphorylated tau proteins also clump together,
forming neurofibrillary tangles (NFTs) that further disrupt
neural functioning [8]. The abnormal protein build-up
results in brain atrophy in critical areas for memory
functioning, such as the hippocampus [8]. AD may also be
a demyelination disorder, where the loss of myelin may
increase AB plague deposition, which in turn worsens
myelination [12].

Some research has implied a potential overlap between
symptoms and risk factors in COVID-19 and in AD. For
instance, those who experience persistent symptoms after
COVID-19 infection (i.e., “long COVID”) may exhibit
long-term “brain fog” [3], a symptom that shows similarities
to deficits in processing speed and memory that are apparent
in individuals with AD. Although COVID-19 may play a
role in people with AD or AD risk (and vice versa), this
lacks robust empirical evidence. The literature on the
specific neurological and cognitive interplay of COVID-19
and AD is a relatively new and still developing field of
research.

It has been proposed that AD weakens the peripheral
immune system in a way that allows it to predict COVID-19
mortality [13]. Furthermore, hospitalized COVID-19
patients were found to have similar or higher levels of
neurodegenerative biomarkers than levels observed in the
blood plasma of those with AD who were not COVID-19
positive [14]. Although such findings seem promising,
evidence for a relationship between COVID-19 and AD is
mixed. One study found no significant differences for the
prevalence of dementia between non-severe and severe
COVID-19 patients [15]. Contrarily, other meta-analyses
have found a relationship between dementia and COVID-19
infection severity and mortality [16,17]. Such conflicting
evidence suggests the need for a deeper investigation of
shared factors and pathology between COVID-19 and AD.
Given this limited research, this paper aims to review and
evaluate the strength of the literature on how the
neurological and cognitive sequelae associated with
COVID-19 affect the risk for AD and its associated
symptoms, and vice versa.

Co | URNCST Journal (2023): Volume 7, Issue 3
DOI Link: https://doi.org/10.26685/urncst.451

Methods

Articles for this review were found by searching the
PubMed database with the terms (sensory OR cognitive OR
neurological OR neuroimaging) AND (Alzheimer’s disease
OR Alzheimer’s OR dementia) AND (COVID-19 OR
SARS-CoV-2 OR COVID). Additionally, search inclusion
criteria required that the papers be written in English, be
published in 2020 or later, and pertain to COVID-19 and/or
AD specifically. This search process was supplemented with
manual searching, including information from reference lists
of relevant articles. As this paper investigated a relatively
new phenomenon, there was a lack of primary research;
therefore, the search results mostly yielded review articles
and meta-analyses. Preprints, conference proceedings, and
graduate student theses were excluded. In total, 19 articles
were used in this literature review. These included summary
articles, literature reviews and meta-analyses, meta-analyses
with bioinformatics tools, retrospective studies on pre-
existing data, prospective studies, longitudinal studies,
cross-sectional studies, a letter to the editor, and cell culture
studies. These sources included cognitive measures, as well
as neuroimaging measures such as magnetic resonance
imaging (MRI) scans.

Results
Biological/Biochemical/Immunological Outcomes
APP and Tau

A meta-analysis using bioinformatic methods found
that the increase in cytokine activity in later stages of
COVID-19 infection increased the expression of APP,
which could then be transformed into the AP plaques
associated with AD [18]. Although immune system
activation plays a role in removing A plaques, its
hyperactivation can lead to neuronal damage and increase
neurodegenerative risk [18]. Contrarily, a meta-analysis of
brain lysates from individuals with COVID-19 infection
and controls noted that infection had no effect on APP
processing in the cortex and cerebellum [3].

COVID-19 and AD displayed an additional overlap in
tau pathology [3]. Calcium release channels, specifically
ryanodine receptor 2 (RyR2) in the cortex and cerebellum
of COVID-19 patients, demonstrated a “leaky” phenotype
compared to controls, which could hinder cognitive and
behavioural functioning [3]. These defective channels could
lead to tau hyperphosphorylation, which is associated with
AD [3]. This was supported by the finding that levels of
phosphorylated tau-181 (p-taul8l), a neurodegenerative
biomarker, were associated with the severity of COVID-19
infection [14].

Gene Expression: ACE2 and Apolipoprotein E (APOE)

The e4 allele of the APOE gene plays a role in COVID-
19 risk [19]. Compared to e3e4 and e3e3 genotypes, ede4
genotypes are associated with increased risk of test
positivity and mortality following a positive test [19].
Furthermore, the ede4 genotype heightens the risk of AD
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progression by influencing BBB leakage and cerebral
amyloid angiopathy, i.e., the accumulation of AB peptide
deposits in cerebral arteries [20]. Additionally, post-mortem
brain tissue analyses of individuals with AD revealed
elevated ACE2 gene expression, which may increase risk of
COVID-19 transmission [21]. Contrarily, another study of
AD brain tissue found reduced ACE2 activity, which was
also related to tau hyperphosphorylation and AB pathology
[22].

Cholinergic Functioning

A hallmark of AD pathology is deteriorated CNS
cholinergic activity [23]. Acetylcholine (ACh) mediates the
lowered production of pro-inflammatory cytokines,
including the ones produced in COVID-19 cytokine storms
[24]. Therefore, both individuals with COVID-19 infection
and those with AD may benefit from interventions aimed at
the cholinergic system [7]. Though they may have adverse
side effects, acetylcholinesterase inhibitors (aChEls) may
ameliorate AD symptoms [25] and pro-inflammatory
cytokine production [26].

Neurologic, Sensory, and Cognitive Effects

In one study of hospitalized COVID-19 patients, the
most common neurologic manifestation was delirium
(confusion and lack of awareness of surroundings and
orientation), which also often occurs in people with
dementia [4]. These patients who developed neurologic
events were more likely to experience greater COVID-19
symptom severity [4]. Such cases of delirium were enriched
in individuals with APOE e4 genotypes [27]. Tau pathology
may also contribute to COVID-19-related neurological
manifestations, specifically subjective reports of “brain
fog” in long-COVID syndrome [3].

A cross-sectional study examined longitudinal
cognitive decline in formerly hospitalized COVID-19
inpatients over 60 years old [28]. At the time of assessment,
the current cognitive impairment and longitudinal cognitive
decline were associated with symptom severity. COVID-19
severity and delirium were associated with concurrent
cognitive impairment, and COVID-19 patients exhibited
greater longitudinal cognitive decline at 6 months compared
to controls. Similarly, cognitive decline was associated with
greater infection severity. Notably, high flow oxygen
therapy was found to be a successful preventative measure
against this decline [28].

Neuroimaging
MRI scans of participants before and after COVID-19

infection indicated greater reduction in global brain
volumes and greater cognitive decline [29]. With regards to
specific brain regions, there was greater reduction of grey
matter thickness and intensity contrast in the orbitofrontal
cortex and parahippocampal gyrus [29]. Regions
functionally connected to the primary olfactory cortex,
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including the hippocampus, exhibited greater changes in
markers of tissue damage [29].

Review Articles

As this literature review investigated a relatively new
phenomenon, the limited primary empirical research in this
field was supplemented with other pre-existing
commentaries—especially regarding future research—from
other related literature reviews. For example, one review
article suggested conducting a longitudinal follow-up of
COVID-19 patients, specifically by looking at shared
biomarkers between COVID-19 and AD [30]. Other
suggestions included determining how COVID-19 invades
the CNS and investigating increased COVID-19 mortality
in those with AD [31]. Furthermore, future research could
also explore the effects of COVID-19 on AD-related
pathological and behavioural changes [31]. Possible
systemic changes included a greater focus on psychological
evaluation; it was also found that telemedicine will play a
greater role in future clinical trials [32].

Discussion

To summarize, this paper reviewed the literature on the
links between COVID-19 infection and AD. The reviewed
studies examined biological, neuropathological, and
immunological outcomes including APP  buildup,
hyperphosphorylation of tau, the e4 allele of the APOE4
gene, ACE2 gene expression, and cholinergic functioning.
Neurologic, sensory, and cognitive similarities included
delirium and cognitive decline [4,28]. Lastly, COVID-19
was shown to have deleterious effects on brain structure
and function [29].

Theoretical Implications
Effects of COVID-19 on AD

COVID-19 infection may significantly impact the
development of AB plaques as it might increase their
precursor, APP [18], though evidence for this view is
mixed. The meta-analysis supporting this relationship used
a bioinformatics tool that analyzed data from a repository
[18], whereas opposing evidence came from a study of
brain lysates [3]. While further research is needed to
determine the validity of this relationship, it is worth noting
that a meta-analysis incorporates more data than a single
study. This is important in the case of COVID-19 and AD
research as the field is not well-explored and findings are
heterogeneous. However, considering the increasing
uncertainty over the relationship between Ap and AD [11],
this link between COVID-19 and AD is highly speculatory.

COVID-19 can also  contribute to  tau
hyperphosphorylation, although it is unclear whether tau
hyperphosphorylation from AD could contribute to
COVID-19 infection [3]. Nevertheless, it is important to
note that since tau may contribute to “brain fog” in
COVID-19 patients [3], COVID-19-positive people with
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AD may be more likely to experience this symptom, which
could further compound AD-associated cognitive decline.

The finding of tissue damage in regions essential to
olfaction and memory in COVID-19 may also play a role in
AD pathology. As well as exhibiting memory deficits,
individuals with AD experience sensory deficits. A review
article found that compared to healthy controls, those with
MCI exhibit worsened odour identification, which,
alongside worsened odour memory performance, is also
present in AD [33]. Through white matter
neurodegeneration in olfactory and memory regions of the
brain, such as the hippocampus and parahippocampal gyrus
[29], COVID-19 infection in those with AD could worsen
pre-existing odour and memory deficits.

As MCI is often characterized as a prodromal stage of
AD, it is important to consider the effect of COVID-19 on
cognition. The outcomes of some studies [28] could suggest
cognitive decline associated with COVID-19 infection may
worsen memory or executive functioning deficits in MCI,
and thus possibly further increase risk for AD-although this
is speculatory and lacks empirical evidence.

Shared Factors and Interactions Between AD and
COVID-19

The myelin sheath’s integrity decreases with age and
cognitive decline, which may account for COVID-19 and
AD becoming more apparent in older age, as both are
associated with demyelination [12,34]. Demyelination may
result in a cyclical interaction between COVID-19 and AD.
Prior research indicates cognitive decline long after
COVID-19 infection [28], as well as demyelination due to
infection [34], which may act in a positive feedback loop
with AB plaque formation in AD [12]. Furthermore, myelin
damage from AD likely leads to the activation of the
immune system, specifically T and B cells, which are
linked to the inflammatory response induced by COVID-19
infection [12]. This supports the proposal that AD predicts
COVID-19 mortality because it alters the peripheral
immune system response [13]. Moreover, as the
inflammatory response increases APP expression in
COVID-19 patients [18], immune activation from either
AD or COVID-19 could increase risk of the other.

The APOE e4 genotype is a possible shared risk factor
for COVID-19 and AD [19,27], and, like demyelination,
may mediate the interaction between the two. The APOE e4
genotype increases BBB leakage [20], and therefore could
heighten the neurological effects of COVID-19, which then
may go on to increase AD risk and act in a positive
feedback loop. Similarly, ACE2 gene expression, which
may increase the risk of COVID-19 infection, is increased
in AD [21], potentially causing another feedback loop in
the opposing direction. This is opposed by the finding that
ACE2 expression is associated with decreased tau
phosphorylation and Ap plaques [22], which could then
counteract related effects of COVID-19 on AD. As such,
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greater evidence is needed to confirm or disconfirm an
ACE2-mediated feedback loop.

Both COVID-19 patients and those with AD may
experience delirium [4], although it is unclear whether
delirium influences the development of COVID-19 and
AD. While this evidence alone only draws associations
between symptoms rather than explaining shared
neuropathological mechanisms, the finding of APOE e4 as
a possible mediator [27] enriches this link. As with many
findings in this paper, this does not indicate certainty or
causality, but instead guides future research down a specific
path that, if studied empirically, may vyield substantial
results.

Clinical Implications and Potential Treatments

Increasing cholinergic functioning would ameliorate
AD and COVID-19 effects separately [7], and potentially as
a shared factor by lowering COVID-19-induced
inflammation [24] and therefore the expression of APP
[18]. Conversely, it could also lower the immune activation
caused by AD that would worsen the COVID-19
inflammatory response [13]. Furthermore, as high flow
oxygen therapy helped protect against longitudinal
cognitive decline [28], it is possible that this treatment
could also guard against a similar decline in MCI, though
this remains to be empirically investigated. High flow
oxygen therapy could also help counteract hypoxia-induced
damage to the cerebral cortex in COVID-19 patients [7],
and therefore may decrease potential AD risk.

Limitations

Some studies were limited in the scope of their data.
For example, some studies used Biobank UK data
[19,27,29], which were collected from participants living in
the UK. Such limitations in geographic diversity may
conceal factors in the COVID-19 and AD relationship that
are generalizable to a wider population. Additionally, most
studies reviewed were observational, so it was not always
possible to establish causality. For example, while it was
found that COVID-19 can result in tau pathology [3], it is
unknown whether the reverse is true. Future research may
opt to examine this relationship using cell culture or animal
models to explore causal mechanisms. One review
suggested telemedicine for clinical care, which may be
especially appropriate for studying COVID-19-positive
patients [32]. Telephone-oriented studies may prove useful
in future studies as they are not constrained by physical
location and could thus gather data from more
geographically diverse samples in comparison to databases
like UK Biobank.

As research on COVID-19 and AD is still developing,
this paper cannot put forth concrete conclusions, but instead
aims to clarify possible directions of research suggested by
the current literature. Most pertinently, cognitive effects
and neurologic symptoms, which arise from biological
mechanisms, may be most effectively interpreted as
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indicators of the direction of further empirical
neuropathological research. Furthermore, while AP is
implicated in the progression of AD, the uncertainty in its
particular role [11] consequently limits the certainty with
which the potential Ap-mediated link between COVID-19
and AD can be interpreted.

Conclusions

The literature suggests that COVID-19 may worsen or
increase the risk of AD development by increasing APP
(though this link is currently uncertain), increasing odour
and memory deficits, increasing demyelination, and causing
tau hyperphosphorylation. COVID-19-induced cognitive
decline may point to another link between AD and COVID-
19 through MCI. Possible feedback loops between COVID-
19 and AD may involve demyelination, immune activation,
the APOE e4 genotype, and ACE2 gene expression—though
this last potential loop requires greater investigation.

This review enriches existing knowledge on COVID-
19 and AD by connecting these two fields of research.
Although the shared factors and interactions between
COVID-19 and AD may increase risk of development for
each, they also offer more potential treatments, specifically
with regards to cholinergic functioning and oxygen
therapy. However, as these findings are new and sometimes
weak, they should be interpreted as general guidelines for
the direction of future research.

Further research could be done on whether tau
pathology might increase risk for COVID-19, whether
delirium could be a shared factor, and on the neurological
basis of delirium. Future research could also consider the
role of AP in AD and the effect of COVID-19 on APP
processing, as current evidence is mixed. Since COVID-19
is a relatively new phenomenon, the suggestion to conduct
longitudinal follow up studies looking at biomarkers [30]
may yield valuable information. However, the suggestion to
conduct further research on increased COVID-19 mortality
in those with AD [31] has already been addressed by some
articles [15-17]. Furthermore, these articles produce mixed
findings, which could suggest that directly investigating the
relationship between COVID-19 and AD may be more
valuable than observing mortality outcomes.

Delirium and “brain fog” are respectively associated
with APOE e4 and tau and can be measured quickly and
non-invasively. Instead of analyzing biological samples,
these symptoms could potentially be used as indicators for
the presence of APOE e4 and tau pathology, and therefore
the possibility of heightened risk for AD development from
COVID-19.
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