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Abstract: The coronavirus disease (COVID-19), identified
in Wuhan, China, on December 2019, was declared a
pandemic by the World Health Organization, on March,
2020. Since then, efforts have been gathered to describe its
clinical course and to determine preventive measures and
treatment strategies. Adults older than 65 years of age are
more susceptible to serious clinical symptoms and present
higher mortality rates. Angiotensin-converting enzyme 2
(ACE2) is a major receptor for some coronavirus infection,
including SARS-COV-2, but is also a crucial determinant in
anti-inflammation processes during the renin–angiotensin
system (RAS) functioning – converting angiotensin II to
angiotensin 1–7. The decline in ACE2 expression that
occurs with aging has been associated to the higher
morbidity and mortality rates in older adults. These ob-
servations highlight the importance of investigating the
association between COVID-19 and age-related neurode-
generative disorders, i.e., Parkinson’s and Alzheimer’s
diseases. A possible option to reduce the risk of COVID-19 is
vitamin D supplementation, due to its anti-inflammatory
and immune-system-modulating effects. It has also been
suggested that vitamin D supplementation plays a role in
slowing progression of Parkinson and Alzheimer. The
present study is a literature review of articles published on
the theme COVID-19, Parkinson and Alzheimer’s diseases,
and the role played by vitamin D. PUBMED, MEDLINE, and
EMBASE databases were consulted. Results confirm
neurodegenerative and neuroinflammatory effects of
COVID-19, aggravated in Parkinson’s and Alzheimer’s

patients, and the important role of vitamin D as a possible
therapeutic strategy. Nevertheless, randomized controlled
trials and large population studies are still warranted.

Keywords: COVID-19; dementia; neurodegeneration; neu-
roinflammation; vitamin D3.

Introduction

Coronaviridae (CoVs) are enveloped, single-stranded vi-
ruses, which have been shown to cause a series of enteric
and respiratory conditions in different animal species,
including humans (Fan et al. 2019; Vicenzi et al. 2004).
During the last years, CoVs classification has expanded,
with the identification and inclusion of new subtypes.
Currently, the International Committee of Taxonomy of
Viruses (ICTV) classification describes four groups (α-, ß-,
δ-, and γ-) and 38 distinct unique species (CTV Virus Tax-
onomy: 2018 Release).

While α- and ß-CoVs infect mammals, CoVs γ- and δ
were shown to be present in different avian species (Morty
and Ziebuhr 2020). Since 2002, three major pathogenic
subtypes of ß-CoVs have emerged and disseminated
worldwide (Fan et al. 2019). SARS-CoVwas originated from
China, became pandemic in 2002–2003, and infected
approximately 8000 individuals with an estimated mor-
tality rate of 10% ( Ruan et al. 2003). MERS-CoV emerged in
the Middle East in 2012 and spread to 27 countries, with an
average mortality rate of 35.5% (WHO 2019).

On December 2019, a new ß-CoV was identified in
Wuhan, province of Hubei, China. The new virus,
SARS-CoV-2, was recognized as a member of the subgenus
Sarbecovirus (family Coronaviridae, genus Betacoronavirus)
(Lau et al. 2020). It was also shown to be related to
SARS-CoV,which caused theworld epidemic in 2003, and to
SARS-related-CoVs (SARSr-CoVs), identified in horseshoe
bats both in the island of Hong Kong and inmainland China
(Ge et al. 2013; Hu et al. 2017; Lau et al. 2005), thus sup-
porting an interspecies transmission. OnMarch 11, 2020, the
World Health Organization (WHO) described the new
corona virus disease (COVID-19) as pandemic (WHO 2020).
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As demonstrated by recent literature reviews (Harapan
et al. 2020; Singhal 2020; Sohrabi et al. 2020; Vieira et al.
2020; Wang et al. 2020), SARS-CoV-2 infection is linked to
severe acute respiratory infection and usually causes
symptoms of a common cold, such as dry cough, fever, and
fatigue. Enteric (i.e. abdominal pain, diarrhea, nausea,
vomiting) and neurological symptoms (i.e. headache,
dizziness, ataxia) might also accompany the infection.
Although most cases are spontaneously resolved, some
patients develop a serious clinical condition, including
pneumonia, dyspnea, and acute respiratory distress syn-
drome (ARDS) (with the need for oxygen supplementation)
(Harapan et al. 2020; Singhal 2020; Sohrabi et al. 2020;
Vieira et al. 2020).

CoVs infection is mediated by the interaction be-
tween the viral spike (S) protein, present in the virus en-
velope membrane, and receptors on target cell surfaces
(Hofman and Pöhlmann 2004). The angiotensin-
converting enzyme 2 (ACE2) has been recently identified
as a major receptor for SARS-CoV-2 (Gheblawi et al. 2020).
This enzyme is found in different body tissues, including
cardiorespiratory, gastrointestinal, and central nervous
system and is a major regulator of the renin–angiotensin
system (RAS). It is also a crucial determinant in anti-
inflammation processes, during the RAS conversion of
angiotensin II, the main perpetrator of inflammation, to
angiotensin 1–7, which possesses anti-inflammatory
properties (Al Gatrif et al. 2020). The expression of ACE2
in cortical neurons and glia makes these cells susceptible
to SARS-CoV-2 infection (Baig and Sanders 2020). Thus,
there seems to be crucial interactions between ACE2,

immunity, peripheral and central inflammation, and
cardiovascular disease.

Although all age groups are at risk of contracting
COVID-19, older individuals are most susceptible, making
aging the most important risk factor for developing
COVID-19 (Hou et al. 2019; Naughton et al. 2020). The high
risk to the older population to COVID-19 infection can lead
to a cytokine storm, characterized by severe systemic
elevation of several proinflammatory cytokines (Meftahi
et al. 2020) (Figure 1). Older individuals, especially those
with hypertension and diabetes, have reduced ACE2
expression and upregulation of the angiotensin II proin-
flammatory signaling (AlGhatrif et al. 2020; Baig and
Sanders 2020; Peña Silva et al. 2012). SARS-CoV-2 infection
may accelerate this process, inducing increased secretion
of proinflammatory cytokines, which can be actively
transported to the central nervous system. After crossing
the blood–brain barrier, these cytokines activate glial
neuroinflammation responses and increase oxidative
stress, damaging cell structures and functions and leading
to excitotoxicity (Baig and Sanders 2020).

Neuroinflammation is also known to be a prominent
feature of neurodegeneration and plays a major role in
neurodegenerative diseases. Immune response and
excessive inflammation in COVID-19 may thus accelerate
the progression of brain inflammatory neurodegeneration.
In fact, previous studies (De Chiara et al. 2012) have shown
that viral infection and excitotoxicity play important roles
in the genesis of different neurodegenerative conditions,
including Parkinson’s and Alzheimer’s diseases. These
observations highlight the importance of investigating the

Figure 1: Possible associations between
COVID-19 and age-related neurodegenera-
tive diseases.
Reduced ACE2 expression and upregulation
of angiotensin II proinflammatory signaling
that occur with age, induce a more severe
immune response. SARS-CoV-2 infection
activates proinflammatory cytokines, which
are actively transported to the central
nervous system, leading to
neuroinflammation and
neurodegeneration. Older individuals,
especially those with neurodegenerative
diseases, are thus more susceptible to the
neurological effects of COVID-19.
Abbreviations: RAS (Renin–Angiotensin
System); ACE2 (angiotensin-converting
enzyme 2); PD (Parkinson’s disease); AD
(Alzheimer’s disease).
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association between COVID-19 and this neurodegenerative
disorders.

Apart from that, recent studies (Daneshkhah et al.
2020; Davies et al. 2020; Ebadi and Montano-Loza 2020)
have suggested a possible association between low levels
of vitamin D, which might be present in the elderly popu-
lation, smokers, or patients with chronic diseases, and
COVID-19 severity andmortality. The active formof vitamin
D, calcitriol, has been shown to exhibit significant potent
activity against SARS-CoV-2 (Mok et al. 2020). Vitamin D
may protect from viral infection and ameliorate the
symptoms of COVID-19, including the cytokine storm.

The present review gathered information from clinical
randomized trials, reviews, and case reports, regarding the
association between COVID-19, neurodegeneration, neu-
roinflammation, Parkinson and Alzheimer, and vitamin D.
Themain objective of the studywas to summarize available
data to allow the development of preventive measures and
effective therapeutic interventions.

Materials and methods

A comprehensive literature search was performed, by two different
researchers, in PUBMED, MEDLINE, and EMBASE databases for all
kinds of articles. The terms “COVID-19 and neuroinflammation,”
“COVID-19 and neurodegeneration,” “COVID-19 and Alzheimer,” and
“COVID-19 and Parkinson”were used. Informationwas collected from
case studies, clinical trials, research studies, and review articles.
Letters of correspondence and viewpoints were not considered. Arti-
cles that did not deal with the effects of COVID-19 on neuro-
inflammation, neurodegeneration, and Parkinson or Alzheimer were
excluded. Articles that dealt with other viruses from the coronavirus
family were also disregarded.

The electronic databaseswere last searched on June 29, 2020. The
main studies are listed in Tables 1–3.

Results

There were a total of 89 articles. Of those, 66 articles were
excluded following the exclusion criteria adopted. Articles
that appeared repeatedly in more than one cross-reference
were only listed in one of tables. A total of 23 articles were
distributed among the three tables.

Table 1 presents studies originated from the cross-
reference “COVID-19 and neuroinflammation” (5 articles)
and “COVID-19 and neurodegeneration” (1 article); Table 2,
“COVID-19 and Alzheimer” (4 articles); Table 3, “COVID-19
and Parkinson” (13 articles). Although no articles were
found with the cross-reference of the terms “vitamin D”
and “COVID-19 and neuroinflammation,” “COVID-19 and

neurodegeneration,” or “COVID-19 and Alzheimer,” three
articles were found regarding “vitamin D, COVID-19 and
Parkinson.”Nevertheless, these same articles were already
listed in Table 3-Vitamin D, COVID-19, Parkinson.

Discussion

The main objectives of the present review were to address
information derived from case reports, clinical trials,
research studies, and review articles on the relationship
between 1. COVID-19 and neuroinflammation; 2. COVID-19
and neurodegeneration, 3. COVID-19 and Parkinson’s dis-
ease, 4. COVID-19 and Alzheimer’s disease, and 5.
COVID-19 and vitamin D. Results showed that several
previously published studieswere viewpoints and letters to
the Editor, which were excluded. Some were reviews or
case reports. Very few were randomized controlled trials.
We will then present the main studies that resulted from
our cross-reference searches and discuss important infor-
mation, gathered from the literature on the aforementioned
selected topics.

The cross-reference of the terms “COVID-19 and neu-
roinflammation” resulted in the finding of 12 published
studies. From those, only five were included according to
the criteria adopted. They were all literature reviews
(Herman et al. 2020; Mao et al. 2020; Ogier et al. 2020;
Raony et al. 2020; Serrano-Castro et al. 2020). Ogier and
coworkers (2020) investigated, on the basis of previously
published reports, the relationship between SARS-Cov-2
infection and inflammation of brain parenchyma, leading
to progressive brain damage, demyelination, and neuro-
degeneration of brain cells. The authors suggest that these
neurological alterations require a long-term follow-up of
patients. Similar concerns were raised by the other reviews
(Herman et al. 2020; Mao et al. 2020; Raony et al. 2020;
Serrano-Castro et al. 2020). According to Serrano-Castro
and coworkers (2020), there is an impact of this infection
on the onset and progression of neurodegenerative and
neuropsychiatric diseases of neuroinflammatory origin
that should be regarded as the potential cause of a delayed
pandemic.

Similarly, from a total of 12 articles, only one review
article remained (following our exclusion criteria) with the
cross-reference of the terms “COVID-19 and neuro-
degeneration” (Singal et al. 2020). This article was also
included in Table 1. Singal and coworkers (2020) investi-
gate virulence, epidemiology, molecular, and neuropath-
ological pathways of the virus. Placental transmission and
possible therapeutic strategies are also mentioned. Among
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the therapeutic strategies, the authors cite ACE2 inhibitors
and angiotensin receptor blockers, antimalarial drugs
(such as Chloroquine and Hydroxychloroquine), and anti-
Parkinsonian and anti-Alzheimer drugs, such as ada-
mantanes (amantadine, memantine), to treat the neuro-
pathological symptoms derived from Sars-Cov-2 infection.

With the exclusion of viewpoints and corresponding
letters, there were only four studies resulting from the
crossing of the terms “COVID-19 and Alzheimer.” One of
them was a clinical analysis of a day-by-day case of an
83-year-old woman with COVID-19/Alzheimer (Isaia et al.
2020). The main conclusions were: 1) the report of atypical
symptoms, i.e., diarrhea and drowsiness, and 2) the need
for adequate supportive measures to improve survival.
Worsening of neuropsychiatric symptoms in COVID-19/
Alzheimer’s patients was described also by two clinical
reports (Boutoleau-Bretonnière et al. 2020; Lara et al.
2020). Interestingly, an experimental research study (Viel
et al. 2020), determining the levels of IL-6 in cultures of
human astrocytes, suggests that lithium may constitute a
novel potential therapeutic to help COVID-19/Alzheimer’s
patients, reducing the virulence of SARS-CoV-2.

Regarding “COVID-19 and Parkinson,” there was a
total of 13 articles listed. From those, six were clinical in-
terviews (Fasano et al. 2020; Prasad et al. 2020; Rejdak and
Grieb 2020; Salari et al. 2020; Shalash et al. 2020; Zipprich
et al. 2020). These studies emphasize the influence of
psychological symptoms on the aggravation of the clinical
condition of the patients (Prasad et al. 2020; Salari et al.
2020; Shalash et al. 2020) and the worsening of motor
symptoms (Prasad et al. 2020; Zipprich et al. 2020). These
were also the general conclusions of three literature re-
views (Bhidayasiri et al. 2020; De Felice et al. 2020; Garg
and Dhamija 2020), a research study conducted with two
deep brain stimulation–treated Parkinson/COVID-19 pa-
tients (Hainque and Gabli 2020) and a clinical observa-
tional study performed with COVID-19 positive and
nonpositive tested Parkinson´s patients (Cilia et al. 2020).
Possible therapeutic strategies were also cited. Rejdak and
Grieb (2020) evaluated, through the use of clinical ques-
tionnaires, the effects of adamantanes in patients with
COVID-19 and multiple sclerosis, Parkinson, or cognitive
impairment and concluded that the drugs indeed possess
protective effects in those individuals suffering from
neurological disorders. Fasano and coworkers (2020) also
used clinical interviews to identify whether patients with
Parkinson’s disease were at higher risk for COVID-19, what
were the risk factors and clinical manifestations. They
concluded that althoughmortality rates did not differ from
the general population, neurological symptoms require
attention. According to the authors, a possible importantTa
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role for vitamin D supplementation warrants future
studies. This is also the conclusion of a literature review
conducted by Hribar and coworkers (2020).

With that in mind, we cross-referenced the terms
vitamin D, COVID-19 and neuroinflammation, neuro-
degeneration, Alzheimer or Parkinson. These, however,
were the only two reports found (Fasano et al. 2020; Hribar
et al. 2020). Nonetheless, some important considerations
will be drawn in the next paragraphs regarding the
possible therapeutic role played by vitamin D in COVID-19
neurological symptoms.

Vitamin D was firstly characterized as a vitamin in the
20th century, and now it is recognized as a prohormone.
The two major forms of vitamin D are vitamin D2 (ergo-
calciferol, derived from plant sources) and vitamin D3

(cholecalciferol). Vitamin D3 is synthesized in the skin of
humans and is consumed in the diet, via the intake of
animal-based foods, mainly fish oils. 1,25(OH)2 vitamin D,
the active metabolite of vitamin D (known as calcitriol),
regulates not only calcium and phosphate homeostasis,
but also cell proliferation and differentiation, and plays a
key role in the functioning of the immune and nervous
systems. In addition to its classic actions related tomineral
homeostasis, vitamin D also regulates the innate and
adaptive immune systems, shows preventive effects on
cardiovascular and neurodegenerative diseases and even
antiaging effects (Gil et al. 2018).

Aside from having a well-characterized role in calcium
and phosphate balance, affecting bone growth and turn-
over, vitamin D presents other important functions. Thus,
its deficiency is associated with increased susceptibility to
infectious disease, notably, upper respiratory tract in-
fections (Martineau et al. 2019). In addition, a role for
vitaminD in the response to COVID-19 infection could favor
the production of antimicrobial peptides in the respiratory
epithelium, making infection and the development of
COVID-19 symptoms less likely to happen, as well as
helping to reduce the inflammatory response to SARS-CoV-
2 infection. Deregulation of this response, especially of
RAS, is characteristic of COVID-19. Vitamin D is known to
interact with ACE2, which is also exploited by SARS-CoV-2
as an entry receptor. While SARS-CoV-2 downregulates the
expression of ACE2, vitamin D promotes its expression
(Mitchel 2020).

Vitamin D deficiency has been associated with an in-
crease in inflammatory cytokines and a significant risk of
pneumonia and viral upper respiratory tract infections
(Martineau et al. 2019). SARS-CoV-2 promotes a dysfunc-
tional response on the immunological system that dysre-
gulates the cytokine secretory pattern. Hypercytokinemia
underlies this hyperinflammatory state leading to injury of

alveolar epithelial cells and vascular endothelial cells, as
well as to the lung infiltration by neutrophils and macro-
phages (Pelaia et al. 2020). Thus, the immune system
overactivation due to SARS-CoV-2 infection causes the
cytokine storm, which is especially noteworthy in severely
ill patients (Song et al. 2020; Sun et al. 2020).

Cytokine storm is an acute hyperinflammatory
response that may be responsible for critical illness in
many conditions including viral infections, cancer, sepsis,
and multiorgan failure (Bhaskar et al. 2020). The post-
mortem examination of lung tissues from COVID-19
patients found proinflammatory cells, involving macro-
phages and T-helper cells. In addition, evidence shows that
SARS-Cov-2 selectively induces a high level of IL-6 result-
ing in the exhaustion of lymphocytes (Tang et al. 2020).

Vitamin D deficiency is also associated with an in-
crease in thrombotic episodes, frequently observed in
COVID-19 (Mohammad et al. 2019).Whether vitaminDdoes
in fact reduce the severity of COVID-19, in regard to
pneumonia/ARDS, inflammation, inflammatory cytokines,
and thrombosis, it also offers a relatively easy option to
decrease the impact of the pandemic (Weir et al. 2020).

Significant relationships have been found between
vitamin D levels and the number of COVID-19 cases and
especially the mortality caused by this infection (Pan-
agiotou et al. 2020). The most vulnerable group of the
population for COVID-19, the aging population, is also the
one that has the most deficits of vitamin D levels (Ilie et al.
2020). Additionally, vitamin D has been shown to present
anti-inflammatory and antioxidative actions,manifested at
peripheral and central sites, as recently demonstrated by
us (Almeida Moreira Leal et al. 2020).

Evidence suggests that dopamine and angiotensin II
systems counterregulate each other in renal cells, as well
as in the striatum and substantia nigra (Labandeira-Garcia
et al. 2011). Dopamine depletion may induce RAS upregu-
lation as a potential compensatory mechanism. However,
RAS hyperactivation also exacerbates NADPH-oxidase
activity, oxidative stress, and the microglial inflammatory
response, contributing to dopaminergic neuron loss, as
observed with animal models of Parkinson’s disease.
Manipulation of the brain RAS may constitute an effective
neuroprotective strategy against dopaminergic degenera-
tion (Labandeira-Garcia et al. 2011).

In summary, older individuals, especially those with
comorbidities, as hypertension and diabetes, have reduced
ACE2 expression and upregulation of angiotensin II proin-
flammatory signaling (Figure 1). It has been hypothesized
that with superimposed COVID-19 disease, SARS-CoV-2
binding to ACE2 acutely exaggerates this proinflammatory
background, predisposing these subpopulations to greater
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COVID-19 disease severity and mortality (AlGhatrif et al.
2020). There is strong evidence for a major involvement of
excessive brain angiotensin-converting enzyme (ACE)/
angiotensin II (Ang II)/angiotensin type-1 receptor (AT-1R)
axis, in increased activation of oxidative stress, apoptosis,
and neuroinflammation, causing neurodegeneration in
several brain disorders. Thus, angiotensin II receptor
blockers (ARBs) and activation of ACE2/Angiotensin (1–7)/
MASR axis may serve as an exciting and novel method for
neuroprotection, in several neurodegenerative diseases
(Obiodun andOla 2020). The inhibition ofACEby a centrally
acting ACE inhibitor has been shown to retard symptoms of
neurodegeneration, amyloid-beta plaque formation, and
tau hyperphosphorylation, in experimental models of Alz-
heimer’s disease (Quitterer and AbDalla 2019).

Vitamin D, in the form of vitamin D3 (cholecalciferol)
supplementation, has potential antiviral properties.
Defensins and cathelicidins are the two major families of
mammalian antimicrobial proteins that contribute to host,
innate, antimicrobial defense by disrupting the integrity of
the bacterial cell membrane (Yang et al. 2001). Through
several mechanisms, vitamin D can reduce the risk of in-
fections including the induction of cathelicidins and
defensins that can lower viral replication rates and reduce
the concentrations of proinflammatory cytokines (Grant
et al. 2020). Furthermore, vitamin D3 is considered a major
factor involved in the regulation of cathelicidin expression
and therapies targeting this pathway may provide new
treatment modalities in the management of infectious
(Schauber and Gallo 2008).

In addition to its immune-system-modulating effects,
it has been suggested that vitamin D supplementation

plays a role in slowingParkinson’s disease progression and
improving the patient’s quality of life (Hribar et al. 2020).
Although not conducted with neurodegenerative disease
patients, there are, to our knowledge, at least two clinical
trials already finished: a multicenter randomized and
controlled trial of high-dose versus standard-dose vitamin
D3 in high-risk COVID-19 patients (Annweiler et al. 2020)
and another one (Garzón 2020) focused on the effect of
vitamin D administration on prevention and treatment of
mild forms of suspected COVID-19. It has been postulated
that conventional oral vitamin D supplementation can be a
therapeutic strategy for COVID-19-caused infections by two
ways: (i) an attenuation of SARS-CoV-2 infection via
downregulation of ACE2 receptor, and (ii) an attenuation of
disease severity by decreasing the pulmonary proin-
flammatory response or cytokine storm that fuels COVID-19
severity (Figure 2). Therefore, its beneficial role assessed by
means of epidemiologic, clinical, and experimental evi-
dencesmay turn vitamin D a new tool to protect vulnerable
populations and mitigate the impact of the current
pandemic events (Arbodela and Urcuqui-Inchima 2020). It
is worth mentioning that several other trials are at the
present moment recruiting subjects to investigate the
possible therapeutic role of vitamin D in different pop-
ulations (NIH. Studies for vitamin D, COVID19 National
Institute of Health NIH 2020).

Conclusions

This review dealt with studies on COVID-19, focusing on its
association with neurodegenerative diseases, such as

Figure 2: Vitamin D3 supplementation [1,25
(OH)2D] as a possible therapeutic target
against COVID-19 neurological symptoms,
particularly in individuals with age-related
neurodegenerative diseases.
Vitamin D3 [1,25(OH)2 D], the active
metabolite of vitamin D, may protect from
viral infection and ameliorate the
symptoms of COVID-19, preventing the
deleterious effects of the cytokine storm.
The anti-inflammatory and antioxidative
actions of vitamin D3, manifested at
peripheral and central nervous sites, help
to reduce the inflammatory response to
SARS-CoV-2 infection. Thus, the
development of COVID-19-related
neurological symptoms is prevented or
diminished. Abbreviations: RAS (Renin–
angiotensin system); ACE2 (angiotensin-
converting enzyme 2); VD3 (vitamin D3).
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Alzheimer and Parkinson, and the potential therapeutic
strategy of vitamin D. SARS-CoV-2 is a neuroinvasive virus
responsible for COVID-19 infection and capable of trig-
gering a cytokine storm, which might impact the older
population, especially in the presence of neurodegenera-
tive diseases of neuroinflammatory origin (Serrano-Castro
et al. 2020). Alzheimer and Parkinson are the two top
common neurodegenerative diseases in the elderly (Han
et al. 2018) and the COVID-19 pandemic poses a high risk to
older people (Naughton et al. 2020). Most importantly,
vitamin D deficiency plays a role in the pathogenesis and
course of various neuroinflammatory and neurodegenera-
tive diseases, and there is an association between low
levels of vitamin D, Alzheimer, and Parkinson (Koduah
et al. 2017). However, there is no consensus on the vitamin
D dose needed for treating older people with COVID-19
infection with comorbidities. Evidence indicates that for
the treatment of people infected with COVID-19, vitamin D
concentrations above 40–60 ng/mL or 100–150 nmol/L
might be useful (Grant et al. 2020). However, it is important
to emphasize that we are dealing with a new clinical con-
dition. The COVID-19-related problems intensify in the age-
risk older population, especially in the presence of
comorbidities, including neurodegenerative diseases.
Thus, randomized controlled trials and large population
studies are certainly needed and should be conducted, in
order to present more conclusive results.
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