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Abstract

The novel coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 has created a life-threatening world
pandemic. Unfortunately, this disease can be worse in older patients or
individuals with comorbidities, having dangerous consequences, including
stroke. COVID-19-associated stroke widely increases the risk of death from
COVID-19. In addition to the personal hygiene protocols and preventive policies,
it has been proven that immune-compromised, oxidative, and pro-coagulant
conditions make a person more susceptible to severe COVID-19 complications,
such as stroke; one of the most effective and modifiable risk factors is poor
nutritional status. Previous literature has shown that healthy dietary patterns,
such as the Mediterranean diet, some food groups, and specific micronutrients,
reduce the risk of ischemic and hemorrhagic stroke. In this work, for the first time,
we hypothesized that a healthy diet could also be a protective/preventive factor
against COVID-19-associated stroke risk. In order to prove this hypothesis, it is
required to study nutritional intake and dietary patterns in patients suffering
from COVID-19-associated stroke. If this hypothesis is proven, the chronic
supportive role of a healthy diet in critical situations will be highlighted once
again.

Key Words: COVID-19; COVID-19-associated stroke; Nutrition; Dietary patterns; Food
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Core Tip: The novel coronavirus disease 2019 (COVID-19) can be worse in older
patients or individuals with comorbidities, having dangerous consequences, including
stroke. COVID-19-associated stroke widely increases the risk of death from COVID-
19. Previous literature has shown that healthy dietary patterns, such as the
Mediterranean diet, some food groups, and specific micronutrients, reduce the risk of
ischemic and hemorrhagic stroke. Recently, healthy nutrition and certain nutrients or
nutraceuticals reported to be effective in common relief functions in stroke and
COVID-19 pathways. If growing studies confirm our hypothesis, it means that healthy
nutrition could be a protective/preventive factor against COVID-19-associated stroke
risk.

Citation: Hajimohammadebrahim-Ketabforoush M, Shahmohammadi MR, Zali A, Vahdat
Shariatpanahi Z. COVID-19-associated stroke risk: Could nutrition and dietary patterns have a
contributing role? World J Meta-Anal 2020, 8(6): 435-446

URL: https://www.wjgnet.com/2308-3840/full/v8/i6/435.htm

DOI: https://dx.doi.org/10.13105/wjma.v8.i6.435

INTRODUCTION

Due to the significance of the current pandemic, many studies have paid attention to
its consequent clinical outcomes. Clinical manifestations can astonishingly vary, from
asymptomatic to the most life-threatening conditions resulting from cytokine storm/”.
Currently, the novel coronavirus disease 2019 (COVID-19)-associated stroke is not
common and, simultaneously, is one of the most deteriorating consequences of this
infection, particularly in those with severe infection*!, which is responsible for the
mortality of about 40% of affected patients if it occurst‘l. Stroke, in turn, is the second
cause of death and the leading cause of disability’. Although it is not yet exactly clear
whether COVID-19 is a culprit in the co-occurrence of stroke in infected patients!”,
studies have shown that the incidence of stroke in COVID-19 patients is about 0.9% to
2.7 %14,

COVID-19-associated stroke is often an acute ischemic stroke, while hemorrhagic
stroke is also rarely reported, especially in elderly®”. Although some studies have
reported stroke in young COVID-19 patients!", a systematic review and meta-
summary of the literature have shown a mean age of 63.4 £ 13.1 years and the
simultaneous presence of cardiovascular comorbidities'’.. Hypertension, diabetes, and
inappropriate cholesterol levels are the main comorbidities associated with the
severity of COVID-19"". On the other hand, the available data, indeed, suggest that
severe COVID-19 can lead to strokel*’l. Preventive strategies and available health-
promoting protocols based on antiviral therapies, immune modulators, and
anticoagulants to reduce the severity of this disease appear to be significant and
interesting points to be studied”. However, lifestyle has always been the most
modifiable factor influencing diseases, of which nutrition is a vital part™***.. The role of
healthy nutrition in the prevention and treatment of hypertension, diabetes, and high
serum levels of cholesterol, all of which predispose a person to stroke, and most non-
communicable diseases has also been proven!'l. Recently, researchers have discussed
immune-modulatory properties and other various effects of healthy nutrition on
COVID-19 and its complications!**>"*?',, among which no attention has been paid to
COVID-19-associated stroke.

HYPOTHESIS

A vast body of evidence-based data from the past to the present has shown that
healthy eating can prevent hemorrhagic and ischemic strokel”*. Protection against
hyper-inflammatory and hypercoagulable states and a pleasant change in metabolites
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derived from intestinal microbiota leading to cardiovascular health are the mainstream
mechanisms involved™!. Although there is no study concerning nutrition in COVID-
19-associated stroke yet, there are growing studies addressing the impact of healthy
diets, certain food groups, and some specific nutrients on COVID-19!"*>"*211 In these
studies, healthy nutrition and some nutrients or nutraceuticals are considered
mitigators of the disease severity and cytokine storm. On the other hand, some data
have shown stroke as the worst event following COVID-19, occurring under cytokine
storm and hypercoagulable conditions™!. Altogether, the above-mentioned evidence
creates the speculation that people who adhere to a healthy diet and lifestyle may be
less likely to have a stroke following COVID-19 affliction.

EVALUATION OF THE HYPOTHESIS

To evaluate our hypothesis, we conducted a comprehensive review by searching both
pubmed.gov and scholar.google.com to first understand the association between
stroke and COVID-19 and second review the studies in which nutrition has been
linked to stroke and COVID-19. The former results are shown in Table 1, and the latter
in Table 2. We also explain them in detail below.

COVID-19-ASSOCIATED STROKE RISK

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection enters
the target cell via the angiotensin-converting enzyme 2 (ACE2) receptor!”. In addition
to the lung, this receptor is present in the endothelial cells, heart, kidney, and
intestine!”). This is an underlying cause of beyond respiratory manifestations of
COVID-19. Once the virus infects the endothelial cells lining blood vessels” beds,
inflammatory cells and apoptotic bodies accumulate; this results in vascular
endothelial dysfunction, shifting vascular autoregulation to vasoconstriction, and
organ ischemia, tissue edema, and pro-coagulant condition consequently”*1. On the
other hand, immune-mediated recruitment of immune cells elevates the inflammatory
responses and hyper-inflammatory states, leading to cytokine storm in severe cases.
Cytokine storm plays a key role in the pathogenesis of severe COVID-19
manifestations, including acute ischemic stroke caused by hypercoagulable statel*!.
Similar to other viral syndromes, SARS-CoV-2 is associated with an increased risk of
strokel””. Elevated interleukin-6 (IL-6) levels following cytokine storm cause
hyperviscosity!l. Thus, besides the mechanisms, including infection-induced
hypercoagulability, viral cardiomyopathy and a diffuse hyperinflammatory
state”*?!], proposed so far for the association between COVID-19 and acute ischemic
stroke, a mechanical factor such as dehydration can also increase stroke risk!**?.

By comparing measured biomarkers in severe COVID-19 patients with moderate
cases, a study has shown higher levels of alanine aminotransferase, lactate
dehydrogenase, C-reactive protein (commonly known as CRP), ferritin, D-dimer, IL-
2R, IL-6, IL-10, and TNF-a in severely infected patients. Furthermore, the total number
of T lymphocytes, CD4" T cells, and CD8" T cells are significantly lower in severe cases
than those classified as moderate. Therefore, they have concluded the cytokine storm
to be related to disease severity!™l. A recently published systematic review further
reveals the outstanding presence of raised D-dimer, fibrinogen, and anti-phospholipid
antibodies in COVID-19 patients with coincident acute ischemic strokel’l. Thus, the
speculation on COVID-19-associated stroke is consistent with previous studies, which
have demonstrated well that higher levels of D-dimer significantly associated with
older age and pre-existing comorbidities, are related to worse complications and death
from COVID-190%. According to a report by Ntaios ef al™l, COVID-19-associated
ischemic stroke is more severe with poorer outcomes and higher mortality than
ischemic strokes unrelated to COVID-19.

Although most studies have discussed ischemic stroke, there are few data to suggest
that SARS-CoV-2-induced diffuse endothelial inflammation could also be a
mechanism resulting in hemorrhagic strokel”. On the other hand, as stated, the
infection caused by SARS-CoV-2 is mediated by the host cells ACE2 receptors; this, in
turn, downregulates the expression of ACE2. Hence, the availability of angiotensin II
increases, leading to severe blood pressure fluctuation, especially in patients with a
history of hypertension that makes them prone to hemorrhagic strokel’. Finally, it is
hypothesized that therapeutic targeting of protease-activated receptor (commonly
referred to as PAR), as a protein engaged in the neuroinflammatory toxicity, may be
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Table 1 Summary of available evidence-based associations between stroke and coronavirus disease 2019

Ref. Study design Sample/ Aim Main culprits suggested in the occurrence of stroke result from COVID-19 affliction
Bhaskar REPROGRAM consortium  An overview of cytokine storm and its implications in (1) Cytokine storm; (2) Thromboembolic events; and (3) Large vessel occlusion
et all*®) position paper COVID-19
Rothstein Retrospective, observational 844 COVID-19 patients, 28 of them had a stroke (1) Endothelialitis; (2) Diffuse endothelial inflammation; (3) Infection-induced hypercoagulability; (4) Viral cardiomyopathy; and (5)
et all™!! study Diffuse hyperinflammatory state
Valderrama  Case study A 52-year-old man with co-occurrence of stroke and (1) Inflammation; (2) Injury to the myocardium; (3) Thrombogenesis; (4) Increased D-dimer levels; (5) Increased interleukin-6 levels;
et all”! COVID-19 infection (6) Hyperviscosity; (7) Vascular endothelial damage; (8) Intracerebral hemorrhage; (9) Microthrombosis; and (10) Fibrinogen
consumption coagulopathy
Tan et all®) Systematic review and meta- A total of 39 studies comprising 135 patients, pooled (1) Elevated D-dimer; (2) Elevated fibrinogen; and (3) Presence of antiphospholipid antibodies
summary of the literature incidence of co-occurrence of stroke and COVID-19
was 1.2%
Wangetall”!  Review article Summarizing the potential contribution of COVID-19 (1) Downregulation of ACE2 expression; (2) Increased angiotensin II availability; (3) Severe blood pressure fluctuations; (4)
to hemorrhagic stroke in the elderly and proposing Predisposition to hemorrhagic stroke; (5) Elevated plasma D-dimer levels; (6) Classical inflammatory biomarkers; (7) Viral CNS
possible mechanisms infections; (8) Cytokine, chemokine, and protease; and (9) Increasing BBB permeability
Ntaios et al®™®  Special report Pooled all patients who were hospitalized with (1) Endotheliopathy; (2) Potentiate the prothrombotic milieu; (3) Immune-mediated platelet activation; (4) Dehydration; and (5)
confirmed COVID-19 and AIS in 28 sites from 16 Infection-induced cardiac arrhythmias
countries

ACE2: Angiotensin-converting enzyme 2; AIS: Acute ischemic stroke; BBB: Blood-brain barrier; CNS: Central nervous system; COVID-19: Coronavirus disease 2019.

useful in controlling various complications caused by COVID-19",

DIETARY PATTERNS AND STROKE RISK

According to several national studies, nearly 90% of the stroke burden can be assigned
to the modifiable risk factors, including poor diet"l. Therefore, a healthy diet is
necessary and important as an approved preventive strategy against stroke””. Many
articles are now available, all of which indicate that healthy eating and adherence to
the certain dietary patterns, such as the healthy Nordic diet™!, Dietary Approaches to
Stop Hypertension (DASH) diet), and especially the Mediterranean diet?!,
significantly reduce the risk of both ischemic and hemorrhagic strokes. Hansen et all*’,
in their cohort study with a median follow-up period of 13.5 years identifying 2283
cases of stroke, have found that adherence to a healthy Nordic diet (containing fish,
apples, pears, cabbages, root vegetables, rye bread, and oatmeal) has a positive effect
on stroke risk so that the higher Healthy Nordic Food Index score is associated with a
lower risk of total stroke. Clinical trials have also shown that adherence to a healthy
Nordic diet leads to weight loss, decreased blood pressure, and improved serum lipid
statust™*. This diet is rich in potassium and fiber since it contains high amounts of
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Table 2 Summary of available studies related to dietary patterns, some foods, and micronutrients in context of stroke and/or coronavirus disease 2019

Ref. Study design  Sample/ Aim Possible pathways in which nutritional factors may be involved in pathogenesis of stroke and/ or COVID-19-associated stroke
Hansen Danish cohort Incident cases of stroke among 55338 (1) Higher Healthy Nordic Food Index score was associated with a lower risk of total stroke; (2) Reduction in blood pressure; (3) Improved blood lipids; (4)
et al™! study men and women Induced weight loss; (5) Lower total and low-density lipoprotein cholesterol; and (6) Increased antioxidant and flavonoid levels
Fentf7 Meta-analysis of Included 12 prospective cohort studies (1) Higher adherence to the DASH diet was related to a reduced risk of developing stroke; (2) Blood pressure-lowering effects; (3) Improved lipid profiles and body
et all*’! prospective comprising a total of 548632 weight; (4) Decreased the risk of metabolic syndrome; (5) Improved serum inflammatory biomarkers; (6) Reduced oxidative stress; and (7) Anti-inflammatory and
studies participants antioxidative effects
Estruch Randomized A total of 7447 persons randomly (1) A Med-diet suppl with extra-virgin olive oil or nuts reduced the incidence of major cardiovascular events; (2) High biologic plausibility; (3) Anti-inflammatory
et all*! clinical trial assigned to one of three diets: a Med-  and antioxidative effects; (4) Improved endothelial dysfunction; (5) Resistance to vasoreactivity; (6) Insulin sensitivity; and (7) Improved blood lipids
diet suppl with extra-virgin olive oil, a
Med-diet suppl with mixed nuts, or a
control diet
Chiu Two prospective  Cohort 1, n = 5050; Cohort 2, n=8302 (1) Taiwanese vegetarian diet is associated with a lower risk of ischemic and hemorrhagic strokes; (2) Shift in the gut microbial community to reduce the
et all*’! cohort studies production of trimethylamine N-oxide; and (3) Consequent decrease in platelet hyperreactivity and thrombosis
D’Elia Meta-analysis Pooled analysis of 14 cohorts (overall (1) Aninverse and significant association between K intake and risk of stroke; and (2) Decreased blood pressure
et all*] 333250 participants and 10659 events)
Zhao Systematic 18 prospective cohort studies on Mg (1) Increasing Mg intake may be a crucial component of stroke prevention that acts in a dose-dependent manner; and (2) Improved cardiovascular health
et all™! review and meta- intake and the incidence of stroke
analysis
lacoviello  Systematic Prospective studies that focused on Nutrients, food groups and dietary patterns are effective in preventing stroke, such as: (1) Vitamin D, dairy calcium, folate (not supplementation), vitamin C,
et all™!! review primary prevention of stroke by chocolate, coffee, tea, and the regular and moderate alcohol consumption; (2) Calcium and dairy intake are inversely associated with low-grade systemic
nutrition inflammation; (3) Low-fat dairy and milk consumption decreased the incidence of hypertension; (4) Vitamin D involved in the modulation of the renin- angiotensin
system, endothelial function, vascular smooth muscle proliferation, insulin sensitivity, and systemic inflammation; (5) Vitamin C, beta-carotene, and flavonoids are
antioxidant compounds and can be reduce blood pressure and improve microvascular function; and (6) Chocolate intake resulted in increased HDL, decreased
LDL oxidation, improved endothelial function and reduced blood pressure
Bousquet ~ Review article Role of diet in COVID-19 death rates (1) Countries where the major daily intake originates from uncooked or fermented kale, cabbages, and fermented dairy products have lower COVID-19 death rates
et all™* than the others; (2) Mentioned foods known as good sources for anti-ACE activity and rich in antioxidants; and (3) Improving high blood pressure and subsequent
hemorrhagic stroke
Kalantar- Perspective Impact of dietary patterns and the (1) A healthy, diverse, and balanced diet based on plants, high fiber, and fermented foods could be a preventative strategy, mitigating harmful effects of SARS-
Zadeh study commensal microbiome on CoV-2; and (2) Probiotics can modulate the immune system, thereby reducing the susceptibility to affliction or morbidity and mortality from COVID-19
et all™’! susceptibility to and severity of
COVID-19
Tan et al™  Prospective AIS patients, n = 140;Healthy controls, (1) Gut-brain axis has been brought to attention; (2) Probiotics and beneficial microbes exert beneficial alterations in the gut microbiome towards producing more
observational n=92 SCFAs; (3) There was dysbiosis (low fecal SCFAs level) in AIS patients; and (4) The SCFAs’ levels were negatively correlated with stroke severity and prognosis
study
Zabetakis  Review article Speculates on the importance of (1) A person’s nutritional status, and nutrients and foods” intake, may exert anti-inflammatory and immunomodulatory effects; (2) Nutrients such as vitamin C,
et all'! nutrition as a mitigation strategy to vitamin D, and zinc may hold some promise for the treatment of COVID-19; (3) Nutrients with anti-inflammatory, antithrombotic, and antioxidant properties may
support immune function amid the prevent or attenuate the inflammatory and vascular manifestations associated with COVID-19; and (4) It is vitally important to maintain a healthy diet and lifestyle
COVID-19 pandemic during the pandemic
Kanki Animal study Adult male C57BL6N mice included in (1) Mice with a HFD have higher levels of endogenous thrombin; (2) Thrombin was considered as a stimulator of PAR-1-based signaling; (3) PAR signaling
et all™®) two groups: NCD or HFD involved in the neuroinflammatory complications; and (4) HFD mice experience larger infarcts and worse outcomes after stroke induction
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Wallace Review article Summary of clinical and prospective (1) Nutrition plays an important and safe role in helping mitigate patient morbidity and mortality from COVID-19; (2) Mg participates in the function of many

et all*!! cohort studies assessing the enzymes involved in the severe immune and inflammatory responses that are manifestations of COVID-19; (3) Mg modulates IL-6, NF-kB, and CRP; (4) Mg
relationship of Mg with IL-6, a enhances vitamin D functionality; (5) Mg is essential in preventing the serious consequences of COVID-19; (6) K restores ACE2 functionality; and (7) Hypokalemia
prominent drug target for treating is seen in most patients with severe and critical COVID-19
COVID-19

Rhodes Perspective Review of the evidence relevant to (1) Vitamin D has potential to reduce COVID-19 risk, severity, and mortality; (2) Inflammation and cytokine storm suppression; (3) Inverse modulatory role in the

et all” study vitamin D and COVID-19 renin-angiotensin system; (4) Downregulating renin and increasing ACE2; and (5) Inverse association between serum level of vitamin D and anti-phospholipid

antibodies
Infusino Scoping review  Nutraceuticals and supplements (1) Vitamin E, D and C, carotenoids, minerals (Zn, Mn, Cu, and Se), polyphenols, and curcumin have benefit; and (2) Anti-inflammatory, anticoagulant,
et alt™’! studied thus far on COVID-19 antioxidant, binding to SARS-CoV-2 target receptor, and antiviral properties

ACE: Angiotensin-converting enzyme; AIS: Acute ischemic stroke; COVID-19: Coronavirus disease 2019; CRP: C-reactive protein; Cu: Copper; DASH: Dietary approaches to stop hypertension; HDL: High density lipoproteins; HFD: High
fat diet; IL-6: Interleukin-6; K: Potassium; LDL: Low density lipoproteins; Med-diet: Mediterranean dietary pattern; Mg: Magnesium; Mn: Manganese; NCD: Normal diet; PAR: Protease-activated receptor; SARS-CoV-2: Severe acute
respiratory syndrome coronavirus 2; SCFAs: Short-chain fatty acids; Se: Selenium; suppl: supplemented; Zn: Zinc.

fruits and vegetables that are associated with decreased blood pressure. Further, high
fiber in whole grains is associated with lower total and low-density lipoprotein
cholesterol. On the other hand, abundant flavonoids in apples, kale and broccoli are
also related to a reduced risk of stroke!™!.

The next most examined dietary approach is the DASH diet, which includes a high
intake of fruits, vegetables, whole grains, low-fat dairy, legumes, nuts, low sodium
intake, sweetened beverages, and red/processed meat”. A meta-analysis of
prospective studies by Feng et al*’l has shown that every 4-point increase in the score
of adherence to the DASH diet reduces the risk of stroke in a dose-response manner by
4%. This is true for both ischemic and hemorrhagic strokes, although less data is
available on the latter. Randomized clinical trials have also shown that adherence to
this diet, in addition to lowering blood pressure, can reduce the stroke risk by
improving lipid profile, controlling body weight, besides reducing the risk of type 2
diabetes and metabolic syndrome, all of which are important in the pathogenesis of
strokel”-*1. Another dietary pattern emphasized to be followed to prevent stroke is the
Mediterranean diet. The PREDIMED study!*! with 7447 participants has found that
adherence to the traditional Mediterranean diet, characterized by high consumption of
olive oil, fruits, nuts, vegetables, and cereals, moderate intake of fish and poultry, low
intake of dairy products, red meat, and processed/sweetened products, besides
moderate consumption of wine, fortified with a mixture of nuts and virgin olive oil for
a median of 4.8 years, could reduce the stroke risk by 40% compared to the control.
The results of a recent meta-analysis have also shown that any 4-point increase in the
score of adherence to the Mediterranean dietary pattern in both the Mediterranean and
non-Mediterranean populations are significantly associated with a 14% and 17%
reduction in the risk of ischemic and hemorrhagic stroke, respectively™!. Although the
Mediterranean dietary pattern, similar to the DASH, is not a low-sodium diet,
following this diet high in potassium can probably lead to a reduction in dietary
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sodium due to the less consumption of processed foods!.

A newly published cohort study by Chiu et al*! has demonstrated that a vegetarian
diet reduces the risk of ischemic and hemorrhagic stroke, and higher serum levels of
vitamin B12 weaken the relationship. Since a vegetarian diet is a meat- and egg-free
diet, one of the proposed mechanisms is that the adherence to this diet could reduce
substrates of intestinal microbiota to produce trimethylamine N-oxide, thus, reducing
the platelet hyperactivation and thrombosis functions, and the risk of stroke,
consequently!”l. In this study, vitamin B12 deficiency is in favor of a decrease in the
incidence of stroke, while other studies are the oppositel*’l.

SOME STUDIED MICRONUTRIENTS OR FOODS AND STROKE RISK

A meta-analysis study has shown that potassium intake significantly inverses
association with stroke risk. It is, therefore, recommended to consume potassium-rich
foods to support cardiovascular health and prevent strokel*). The same relationship in
a dose-response manner is true for dietary/supplemental magnesium and total
strokel™l. Moreover, stroke studies have rigorously recommended the protective effect
of vitamin D on stroke incidencel”. Further, other dietary components recommended
in the context of stroke incidence have been listed in their work, among which, other
than what we have said thus far, dairy calcium (not supplementation), folate (not
supplementation), vitamin C, chocolate, coffee, tea, and the regular and moderate
alcohol consumption (not alcohol abuse) are observed!™l. Due to controversy and lack
of consensus, there is no recommendation for using B12, folate, and B6 to reduce the
risk of stroke, and the results are uncertain”. Hence, more studies are needed in this
regard.

HOW COULD DIETARY PATTERNS BE ATTRIBUTED TO COVID-
19-ASSOCIATED STROKE RISK?

A study has found that countries where the major daily intake originates from
uncooked or fermented kale, cabbages, and fermented dairy products known as good
sources for anti-ACE activity and rich in antioxidants have lower COVID-19 death
rates than the others™. ACE converts angiotensin I to angiotensin II, while ACE2 does
the opposite in the renin-angiotensin system!™, in addition to being the entry point for
SARS-CoV-2 into host cells as mentioned earlier!>”. Therefore, in the case of infection
with SARS-CoV-2, ACE inhibitors may be effective in improving complications such
as high blood pressure and subsequent hemorrhagic strokel”. The blood levels of ACE
respond very quickly to food intake. Hence, dietary patterns can affect this enzyme
levels; thus, it is suggested that a diet rich in saturated fatty acids increases ACE
levels™.

Meanwhile, many functional foods are listed as ACE inhibitors and
antioxidants™*!. A recent study has discussed that a healthy, diverse, and balanced
diet based on plants, high fiber, and fermented foods rich in the beneficial probiotics,
such as Bifidobacteria and Lactobacilli species, could be a preventative strategy,
mitigating harmful effects of SARS-CoV-2P. Probiotics can modulate the immune
system by controlling the gut microbiota, thereby reducing the susceptibility to
affliction or morbidity and mortality from COVID-19¢\. Whereas following a high-fat
diet and eating frequent snacks between meals can lead to dysbiosis. Therefore, its
frequency should be kept to a minimum and often include fruits and vegetables”. In
this respect, interestingly, Tan et al®*! have described that the gut microbiome and the
short-chain fatty acids (referred to here as SCFAs) produced by it could regulate brain
functions in the path of the gut-brain axis, thus playing a major role in the prevention
of stroke. In a study of 140 acute ischemic stroke patients compared with 92 healthy
controls, the investigators observed dysbiosis and lower levels of fecal SCFAs in
patients with acute ischemic stroke than in controls, finding an inverse relation to
stroke severity and prognosis. Therefore, SCFAs are introduced as possible prognostic
markers and potential targets for stroke remedy™.

Furthermore, interestingly, a few recent studies have discussed the Mediterranean
diet and COVID-19!". This dietary pattern is anti-inflammatory; it is rich in bioactive
components with anti-inflammatory and antioxidant properties and a variety of
vitamins and trace elements but limited in processed foods!'l. Mechanisms involved in
reducing stroke following adherence to the Mediterranean diet, which may also be
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considered for COVID-19-associated stroke, include protection against inflammation,
oxidative stress, platelet aggression, endothelial dysfunction, and a beneficial change
in metabolites derived from intestinal microbiota that leads to cardiovascular
health™. On the other hand, as one study suggested, therapeutic targeting of PAR
could be promising in the management of COVID-19 neuroinflammatory
complications™. In this regard, according to an animal study, mice with a high-fat diet
have higher levels of endogenous thrombin compared to those with a normal diet,
being considered as a model for stimulation of PAR-1-based signaling. Whereas, p-
arrestin-2, unlike thrombin, has a positive effect on this signaling under ischemic
stroke condition. High-fat diet mice experience larger infarcts and worse outcomes
after stroke induction!™. Therefore, it seems that the role of diet is also prominent in
many signaling pathways related to COVID-19 neuroinflammatory complications.
Thus, more human studies in this scope are essential.

Apart from nutritional recommendations, due to elevated IL-6 levels followed by a
hyperviscosity statel”), it seems necessary to maintain hydration and adequate fluid
intake in COVID-19 patients. Altogether, this is important long before and
immediately after the COVID-19 pandemic, since long-term and continuous following
of these healthy dietary patterns, as said, can prevent or reduce comorbidities; this, in
turn, may decrease predisposition to severe COVID-19 and, consequently, its worse
complications, such as stroke.

HOW COULD SOME MICRONUTRIENTS OR FOODS BE ATTRIBUTED TO
COVID-19-ASSOCIATED STROKE RISK?

Some studies have shown the important role of potassium and magnesium in COVID-
19. Since hypokalemia has been observed in most patients with severe and critical
COVID-19", potassium-rich foods might also play a supportive role in these patients.
Magnesium is also important since it participates in the function of many enzymes
involved in the severe immune and inflammatory responses that are manifestations of
COVID-19. It, due to its modulator role involving IL-6, NF-kB, and CRP, besides its
ability to activate and enhance the function of vitamin D, is essential in preventing the
serious consequences of COVID-19 and reducing its morbidity and mortality®. In
addition to vitamin D — which has been widely discussed due to potential to reduce
COVID-19 risk, severity, and mortality via mechanisms including inflammation and
cytokine storm suppression, besides the inverse modulatory role in the renin-
angiotensin system by downregulating renin and increasing ACE2*'! — other
nutrients, such as vitamins, minerals, and functional foods, have been discussed in the
context of COVID-19. All of these components have also been studied separately
concerning stroke. However, no study has ever considered them altogether to discuss
their association with stroke as a life-threatening complication of COVID-19.

Some studies have shown that the prevalence of vitamin D deficiency is about 70%
among patients with the anti-phospholipid syndrome with elevated levels of anti-
phospholipid antibodies. Furthermore, antibodies’ titers in healthy controls have been
found to be lower in the summer season than in other months of the year®. This is a
fascinating common point in parallel with studies that have shown increased levels of
anti-phospholipid antibodies in COVID-19-associated stroke cases!l. However, the
causal relationship between vitamin D levels or supplementation and serum levels of
anti-phospholipid antibodies and thrombotic events has not yet been established®.
Some of the main nutraceuticals and supplements studied thus far on COVID-19
include vitamin E, vitamin D, vitamin C, carotenoids, minerals (Zn, Mn, Cu, and Se),
polyphenols, and curcumin. Possible mechanisms of their positive effect on COVID-19
pathways have been proposed as anti-inflammatory, anticoagulant, antioxidant,
capable of binding to the SARS-CoV-2 target receptor, and antiviral®l.

CONSEQUENCES OF THE HYPOTHESIS

The present hypothesis stated for the first time in the literature, to our knowledge,
proposes a link between a healthy diet and COVID-19-associated stroke risk.
Adherence to healthy dietary patterns and more consumption of some foods and
nutrients in the recommended daily allowance has always been flagged as a
prevention approach in chronic and acute conditions. Here, it is speculated that such a
role of healthy nutrition can be highlighted once again in preventing COVID-
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19-associated stroke too. Since no study to date has proven this, nutritional intake
evaluations or food frequency questionnaire-based studies are strongly recommended
in order to elicit uptake of or adherence to certain dietary patterns in COVID-
19-associated stroke patients. Also, certain nutrients reported to be effective in
common relief functions in stroke and COVID-19 pathways can be prescribed in trials
for COVID-19 patients; then, the incidence of stroke among these individuals can be
investigated prospectively. If the future data confirm our hypothesis, it means that
healthy nutrition could be a protective/preventive factor against COVID-
19-associated stroke risk.

CONCLUSION

Due to the significance of the current pandemic, many studies have paid attention to
its consequent clinical outcomes. COVID-19 can be more severe in older patients or
individuals with comorbidities, having dangerous consequences, including stroke.
Adherence to healthy dietary patterns and more consumption of some foods and
nutrients in the recommended daily allowance has always been emphasized as a
prevention approach in chronic and acute conditions. However, it should be noted
that the present study did not intend to give dietary advice to definite prevention of
COVID-19-associated stroke. It only aimed to review the existing literature to evaluate
the hypothesis stating that nutrition could be related to COVID-19 and its associated
stroke. As far as we know, nutrition cannot be effective in preventing this crisis in the
short time, but it can be found (from examining the history of dietary patterns and
nutritional intake in patients with stroke or other serious COVID-19-associated
complications) what is the difference between COVID-19 patients without serious
complications or even in healthy population (by further nutritional intake evaluations
or food frequency questionnaire-based studies). If the future studies confirm the
present study’s hypothesis (i.e. people who adhere to the healthy dietary patterns and
habits are less likely to suffer from severe COVID-19-associated complications, such as
stroke), the chronic supportive role of a healthy diet in critical situations will be
highlighted once again.
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