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Raw Vegan Diet in the Context of SARS-CoV-2

Infection

Sirova veganska prehrana u kontekstu infekcije virusom SARS-CoV2

Tanja Grubi¢ Kezele®?, Tamara Guli¢*, Gordana Blagojevi¢ Zagorac®*"

Abstract. Most individuals infected with SARS-CoV-2 experience mild to moderate
coronavirus disease 2019 (COVID-19), but the clinical presentation and general course varies
widely and depends mainly on the patient’s health status before the infection. Certain
number of people, particularly those who had a severe COVID-19, experience multiorgan
symptoms lasting weeks, months, or even years after infection and some exhibit an
immunophenotype that supports chronic inflammation and may trigger autoimmunity and
neuroinflammation. An unhealthy lifestyle and associated health conditions, particularly
obesity, hypertension, type 2 diabetes, and hyperlipidemia, have been associated with the
severity of COVID-19, but the data on the role of diet are still lacking. A raw vegan diet limits
the intake of unhealthy food components such as saturated and unsaturated fats, sodium,
and added sugars while being rich in fruits, vegetables, and whole grains, giving it some
serious health benefits. The purpose of this review article is to give an overview of the
factors associated with the severity and the outcome of COVID-19, to highlight all the
important effects of raw vegan diet on individual health and to discuss them in the context
of SARS-CoV-2 infection.
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Sazetak. Vecina osoba zaraZenih virusom SARS-CoV-2 razvije blagu do umjerenu
koronavirusnu bolest (COVID-19), ali klinicka prezentacija i opci tijek bolesti uvelike se
razlikuju i uglavnom ovise o zdravstvenom stanju pacijenta prije infekcije. Odredeni broj
ljudi, posebno onih koji su imali teski COVID-19, ima multiorganske simptome koji traju
tjednima, a u nekim slucajevima i dulje od 12 mjeseci nakon infekcije, a neki pokazuju
imunofenotip koji podrzava kroni¢nu upalu i moZe dovesti do razvoja autoimunosti i
neuroinflamacije. Nezdrav nacin Zivota i s njim povezana zdravstvena stanja, posebice
pretilost, hipertenzija, dijabetes tipa 2 i hiperlipidemija, povezani su s teZim oblicima bolesti
COVID-19, ali podatci o utjecaju prehrane na klinicki tijek bolesti jos uvijek nedostaju. Sirova
veganska prehrana ograniava unos nepoZeljnih sastojaka hrane kao Sto su zasicene i
nezasi¢ene masti, natrij i dodani Seceri, a istovremeno je bogata vocem, povréem i cjelovitim
Zitaricama te stoga ima mnoge pozitivne ucinke na zdravlje. Svrha ovog ¢lanka je dati
pregled ¢imbenika povezanih s teZinom i ishodom bolesti COVID-19, istaknuti sve vaine
ucinke sirove veganske prehrane na zdravlje pojedinca i raspravljati o njima u kontekstu
infekcije virusom SARS-CoV-2.

Kljuéne rijeci: COVID-19; hipertenzija; pretilost; SARS-CoV-2; sirova hrana; vegani
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INTRODUCTION

Coronavirus disease (COVID-19) has quickly be-
come a global health emergency, with more than
650 million people infected in 216 countries and
more than 6.5 million confirmed deaths to date.
The mortality rate is about 3% worldwide but
varies between countries®. COVID-19 is caused by
the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), a novel coronavirus that is
spread in the population primarily by the direct

The clinical presentation of SARS-CoV-2 infection and
the severity of COVID-19 depends largely on the
underlying medical conditions before infection.
Hypertension, obesity, and type 2 diabetes (T2D) are
considered important factors in disease severity and
are generally associated with unhealthy diets.

contact or through the air. In many cases, the in-
fection is asymptomatic. Symptomatic infections
range from mild (sneezing, nasal congestion, fe-
ver, fatigue, cough, myalgias, headache, sore
throat, diarrhea, and olfactory or taste abnormal-
ities) to severe (shortness of breath, chest pain
and hypoxemia) and may lead to respiratory fail-
ure, circulatory shock, and multiorgan failure in
some individuals*3. COVID-19 survivors who had
more severe form of the disease are also at
greater risk of developing a long COVID-19 or
post-COVID-19 syndrome (PCS) characterized by
persistent symptoms lasting 3 months or longer
after the acute COVID-19%°.

Whether the individual develops mild or severe
COVID-19 depends mainly on underlying medical
conditions and general health prior to the infec-
tion. Hypertension, obesity, and type 2 diabetes
(T2D) are considered major factors in the disease
severity®® and are generally associated with poor
diet. A precondition for good health is a diet that
includes plenty of vegetables, fruits, and whole
grains and limits the intake of processed foods®.
All of these principles form the basis of the raw
food diet, a type of diet that involves the con-
sumption of foods that are uncooked or heated
below 46°C%. Depending on the type of food
consumed, the raw food diet can be divided into

three basic subtypes. The raw vegan diet is the
most common type of raw food diet (> 90% of
practitioners) and excludes all animal products
and byproducts. Somewhat more liberal is the
raw lacto-ovo vegetarian diet, which includes
plant-based foods along with raw eggs and un-
pasteurized and unhomogenized dairy products.
Finally, the least restrictive is the raw omnivorous
diet, which includes all raw animal products, in-
cluding meat!® !, Vegans consume less saturated
fat, cholesterol, and added sugars and more vita-
mins C and E, fiber, folic acid, potassium, magne-
sium, and phytochemicals (plant compounds)
such as carotenoids and flavonoids than other
consumer subgroups, and therefore a raw vegan
diet can be considered to promote good
health'> 13, In addition, good bacteria, some of
the nutrients, and food enzymes are not de-
stroyed by thermal processing of foods, and at
the same time, compounds that have potentially
harmful effects, such as trans fatty acids (TFA)
and advanced glycoxidation end products (AGE)
cannot be formed*¢. Therefore, due to its con-
stituents, the raw vegan diet has proven associa-
tions with strengthening of immune system,
weight loss, improvement in blood pressure and
lipid profile, lower risk of some cancers and car-
diovascular disease, and has been shown to have
antioxidant and anti-inflammatory effects!® %16
¥ In addition to the numerous beneficial effects
of the raw vegan diet on human health, some de-
ficiencies have been reported, including lower
bone density, vitamin B12 deficiency, decreased
high-density lipoprotein (HDL) cholesterol levels,
amenorrhea and malnutrition in women, and in-
creased risk of food poisoning!® 230 However,
most of these deficiencies could be prevented if
the diet is well-balanced and wisely conduct-
ed28,31.

MAIN BODY

SARS-CoV-2 Infection — Factors Associated with
Severe Clinical Course and Post-COVID-19 Condi-
tions

The clinical presentation of SARS-CoV2-positive
patients is highly variable, and the most common
health conditions associated with a worse COV-
ID-19 outcome are hypertension, obesity, meta-
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bolic syndrome (MS), dyslipidemia, cardiac
dysfunction, hyperglycemia, and T2D3*34 All of
these conditions are associated with endothelial
injury and dysfunction, which, together with mi-
crovascular inflammation, play an important role
in the severe clinical status of COVID-19%3¢,
Although SARS-CoV-2 has direct effects on en-
dothelial dysfunction®, tissue damage is support-
ed by elevated angiotensin Il levels (ANG Il) due
to COVID-19 infection. Namely, ANG Il is the ma-
jor effector molecule of the renin-angiotensin-al-
dosterone system (RAAS). It damages endothelial
cells and other tissues and therefore plays a key
role in pathogenesis of hypertension and inflam-
mation, causing hypercoagulability®, atheroscle-
rosis, and arteriosclerosis®. The level of ANG Il is
determined by angiotensin converting enzyme
(ACE), which converts angiotensin | to angi-
otensin Il, and by the activity of angiotensin-con-
verting enzyme (ACE2), which lowers ANG Il as it
converts ANG Il into harmless molecules that
have vasodilatory effects. Since SARS-CoV-2 uti-
lizes ACE2 for cells invasion and infection®®4! it
decreases the levels of ACE2 due to the viral
binding and endocytosis of a receptor-virus com-
plex. Therefore, ANG Il cannot be converted,
leading to vasoconstriction, increased inflamma-
tion, and endothelial cell damage, increasing the
risk of stroke, myocardial infarction, and respira-
tory failure. This is even more pronounced in
people with hypertension, probably because of
the already damaged endothelium, which pro-
vides the perfect background for the develop-
ment of microvascular failure. In addition, it is
possible that in people with hypertension, the
availability of ACE2 to SARS-CoV-2 is increased
because of an existing RAAS imbalance, resulting
in a higher viral load that is associated with a
worse acute disease course and outcome* and a
greater likelihood of developing post-acute or
post-COVID-19 symptoms. Therefore, it is not
surprising that hypertension is the most common
comorbidity in hospitalized COVID-19 patients®.
In addition to hypertension, a strong association
between the risk of hospitalization and obesity
has also been found in COVID-19 patients, and
more than 70% of COVID-19 patients requiring
treatment in the ICU (intensive care unit) are

medicina fluminensis 2024, Vol. 60, No. 1, p. 15-27

obese*. There are many reasons why obesity fa-
vors COVID-19. Obesity, as a consequence of un-
healthy dietary habits, may contribute to the
dyshomeostasis of the intestinal microbiome*
and consequently increase intestinal permeabili-
ty, which facilitates the penetration of pathogens
through the gastrointestinal epithelium?. In ad-
dition, the production of IL-17 and IL-23 in pa-
tients/persons with obesity is thought to cause a
dysfunctional and inefficient immunologic re-
sponse to viral infections*’, which may contribute
to the higher morbidity and mortality in SARS-
CoV-2 patients since patients with severe disease
have elevated inflammatory markers (C-reactive
protein; CRP) and inflammatory cytokines (inter-
leukin 6 (IL-6) and tumor necrosis factor-alpha
(TNF-a)), and decreased numbers of adaptive im-
mune cells (CD3+ T cells, CD4+ T cells, CD8+ T
cells, and B cells) and NK cells**-*2, It is also possi-
ble that the adipose tissue serves as a reservoir
for SARS-CoV-2 virus** >3, The cytokine imbalance
caused by chronic obesity leads to increased vas-
cular permeability and leukocyte infiltration into
tissues. This leads to cellular damage and im-
paired respiratory epithelial closure junctions, in-
creasing the likelihood of severe respiratory
failure in COVID-19 patients®®. Obesity is also
known to be a central pillar in the development
of metabolic syndrome (MS), the prothrombotic
and pro-inflammatory state that promotes the
onset of severe COVID-19 symptoms. The patho-
genesis of MS includes high levels of pro-inflam-
matory cytokines (TNF-a, IL -1, IL -6, PAI-1, leptin,
IL -17, IL -23, and TGF-B) and adipokines, which
together cause insulin resistance, arterial hyper-
tension, and dyslipidemia®, important risk fac-
tors for poor COVID-19 outcome.

Persons with obesity generally have higher vita-
min D requirements because they ‘sequester’ vi-
tamin D in fat cells, resulting in lower levels in the
blood*®. Since vitamin D is an important immu-
noregulatory substance that helps maintain the
fine balance between pro-inflammatory and anti-
inflammatory signals, it is not surprising that hy-
povitaminosis D is often associated with worse
COVID-19 outcome®®. Hypovitaminosis B12 is also
associated with obesity®’, and contributes to an
overall higher inflammatory state in the body,
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making it more susceptible to worse COVID-19
outcomes®. It is also discussed that low levels of
B12 contribute to endothelial dysfunction and
activation of platelet and coagulation cascades.
Moreover, vitamin B12 deficiency leads to an in-
creased production of reactive oxygen species
and subsequent oxidative stress®, contributing to
an unfavourable state during SARS-CoV-2 infec-
tion. In addition, early computer modelling and
laboratory-based studies suggest that vitamin
B12 can bind to at least one of the viral proteins,
thereby slowing viral replication. A recent study
showed that methylcobalamin the supplements
had the potential to reduce COVID-19-related or-
gan damage and symptoms®. A clinical trial con-
ducted in Singapore showed that COVID-19
patients who received vitamin B12 (500 pg), vita-
min D (1000 IU), and magnesium had lower COV-
ID-19 symptom severity, and the supplements
significantly reduced the need for oxygen and in-
tensive medical support.

In a long-term analysis conducted in patients
with a history of SARS-CoV-2 infection, lipid me-
tabolism was found to be impaired and patients
frequently had cardiovascular abnormalities®.
Dyslipidemia increases the risk of serious
COVID-19 outcomes, mainly because of increased
production of lipoproteins and fibrinogen, which
predispose patients to atherothrombotic events®?.
However, Wei and coworkers found that LDL and
HDL levels were reduced in patients with COV-
ID-19 in proportion to the severity of the dis-
ease®. One reason for these changes could be
liver injury, which reduces LDL biosynthesis. An-
other reason is inflammation itself, which alters
lipid metabolism, particularly through IL-6 reduc-
tion in cholesterol transport in the liver. In addi-
tion, studies have shown that cholesterol can
facilitate the interaction of the virus with ACE2,
which promotes infection, but also may serve as
a replication site for SARS-CoV-2 in the endothe-
lium®2. The virus may also cause direct endotheli-
al damage that increases the risk for acute
thrombotic events®.

COVID-19 patients often exhibit dysregulation of
glucose metabolism, and type 2 diabetes (T2D) is
associated with increased morbidity and mortali-
ty in COVID-19 patients®. Indeed, hyperglycemia

http://hrcak.srce.hr/medicina

in T2D patients stimulates the formation of ad-
vanced glycation end products (AGEs), essential
elements that generate oxidative stress and dam-
age the vascular endothelium. In addition, hyper-
glycemia stimulates the synthesis of adhesion
molecules that effectively contribute to leuko-
cyte tissue damage and the occurrence of severe
respiratory failure®®. Therefore, pneumonia
caused by SARS-CoV-2 tends to be more critical in
T2D patients. Some authors believe that viruses
use glucose for their viral replication, so hyperg-
lycemia may even contribute to increased viral
load and severity in COVID-19 patients®. In addi-
tion, it is important to mention the association of
T2D with a chronic low-grade inflammatory pat-
tern that contributes to higher morbidity and
mortality in COVID-19 patients. As already
known, hyperglycemia is strongly associated with
the inhibition of lymphocyte function, reducing
the functionality of innate and humoral immuni-
ty®8. This immunodepression is associated with a
higher susceptibility to the development and ex-
acerbation of infections, including COVID-19°¢7,
In addition, T2D is associated with impaired co-
agulation and fibrinolytic mechanisms that pro-
duce a prothrombotic state that, together with
AGEs on the vascular endothelium, provokes hy-
percoagulability and endothelial damage, in-
creasing COVID-19 morbidity and mortality from
cardiovascular, cerebrovascular, and thromboem-
bolic events®®.

Some people, particularly those who have had a
severe acute illness, have symptoms that persist
long after the acute infection and cannot be ex-
plained by any other diagnosis, i.e., they develop
post-COVID-19 syndrome (PCS)%. PCS is manifest-
ed by a variety of symptoms such as dyspnea,
cough, chest tightness, anosmia, fatigue, myalgia,
arthralgia, hypertension, headache, cognitive dif-
ficulties, peripheral nerve dysfunction, psycho-
logical problems such as anxiety, mood swings,
depression, post-traumatic stress disorder, sleep
disturbances, and cardiovascular and metabolic
complications”. The pathogenesis of PCS is not
yet well understood, but it is suggested that tis-
sue injury (pulmonary, vascular, or neuronal), the
presence of viral particles, and especially the
presence of chronic systemic inflammation may
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play an important role”. Systemic inflammation
disrupts the integrity of the blood-brain barrier
(BBB), allowing viruses and cytokines to enter the
CNS, impairing the normal function of local im-
mune cells such as microglia and astrocytes and
leading to neuronal damage and a whole range
of neurological and psychological symptoms’?.
Chronic inflammation also supports endothelium
damage, associated with thrombotic events and
multi organ damage’?. Given all this, it is not sur-
prising that PCS is more likely to occur in people
who are at higher risk for developing more se-
vere COVID-19, i.e., those with hypertension,
obesity, MS, dyslipidemia, cardiac dysfunction,

hyperglycemia, and T2D"3.

THE RAW VEGAN DIET: MAIN NUTRITIONAL
BENEFITS AND RISKS

The raw vegan diet focuses mainly on eating
foods that are typically low in calories and high in
fiber, such as uncooked vegetables, fruits, grains,
and legumes!®?3, Therefore, people can eat more
foods while drastically reducing calorie intake.

|blood
glucose

anti-inflammatory
action

| body weight

\_/  |serum

@@

RAW VEGAN DIET

lipids immune

This is one of the reasons why the raw food diet
leads to weight loss and achieving the ideal body
weight in most cases. Body mass index (BMI) has
been shown to correlate negatively with the
amount of raw food consumed and the duration
of the raw vegan diet!2>74 although it has been
shown that not only a long-term raw food diet
but also a short-term raw food diet can lead to
significant weight loss’®. Uncooked foods also
have a lower glycemic response, which contrib-
utes to weight loss in addition to low caloric in-
take’®. In addition, the raw vegan diet also
contributes to the prevention of T2D by reducing
insulin response”. In most cases, weight loss re-
sulting from following a raw food diet was associ-
ated with a reduction in high arterial blood
pressure® 7475787 (Figure 1). Hanninen et al.”®
showed that in participants who followed a raw
vegan diet for 7 days, systolic blood pressure de-
creased significantly and was related to changes
in body weight. Another study showed that in all
32 participants with hypertension who followed
a raw vegan diet for 6 months, diastolic blood

gut
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regulation
\| \ ’/ food
/\ -\ - poisoning
P /,.
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Figure 1. Positive and possible negative health effects of a raw vegan diet. A raw vegan diet has many positive
health aspects (light green background), such as lowering blood pressure, body weight, blood glucose levels, and
serum lipids, as well as having anti-inflammatory and antioxidant effects. There are also some disadvantages (light
red background) of the raw vegan diet, such as food poisoning and, in the case of an unbalanced raw vegan diet,
calcium, zinc, vitamin D3 and B12 deficiency.
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pressure decreased significantly, although there
was no correlation between the decrease in di-
astolic blood pressure and the decrease in body
weight’®. Interestingly, diastolic blood pressure
returned to previous levels when participants
switched to a cooked diet, although caloric and
sodium intake remained unchanged’. A cross-
sectional study of 2195 Americans aged 40-59
years showed that both raw and cooked vegeta-
bles had a beneficial effect on systolic and diasto-
lic arterial blood pressure, with a much stronger
association for raw vegetables compared with
cooked vegetables®. A possible beneficial effect
of the raw vegan diet on arterial blood pressure
has also been reported in studies showing a neg-
ative correlation between consumption of raw
vegetables and ischemic stroke, coronary heart
disease, and mortality from ischemic heart dis-
ease®® The beneficial effects of the raw food
diet on the cardiovascular system are also sup-
ported by the effects of uncooked foods on the
serum lipid profile (Figure 1). It has been shown
that a 3-month raw vegan diet can result in sig-
nificant decreases in phospholipids, total, and
LDL cholesterol concentrations compared with
individuals following a classic omnivorous
diet®* 8, Individuals on a low-calorie, low-protein
raw vegan diet for more than 2 years had lower
plasma concentrations of total, LDL, and HDL
cholesterol and triglycerides compared with gen-
der-matched individuals on a Western diet’. In
the study by Hanninen and colleagues’™, a diet
based on uncooked vegetables reduced triglycer-
ide and cholesterol concentrations after only 7
days, although this change was not significant
compared with the group that ate cooked vege-
tables during the same period. In addition to low-
ering blood pressure and serum lipids,
consumption of raw fruits and vegetables was
also shown to reduce other cardiovascular dis-
ease risk factors, including waist circumference,
heart rate, and glycosylated hemoglobin levels®.
A raw vegan diet is a diet based on plants rich in
natural antioxidants. Many studies have shown
that raw vegan foods provide significantly more
antioxidants than cooked foods and therefore
have high anti-inflammatory potential (Figure 1).
Based on nutritional records, vegans on average

http://hrcak.srce.hr/medicina

consume significantly more beta-carotene, vita-
min E, vitamin C, and copper than omnivores®. In
addition, eating unprocessed foods does not de-
crease the amount of vitamins, especially water-
soluble ones such as vitamins C and B®.
Therefore, it is not surprising that people who,
on a long-term, eat raw vegan diet have better
antioxidant status than omnivores®. One of the
most important antioxidants abundant in raw
foods are flavonoids, whose anti-inflammatory
effects are due to their ability to inhibit enzymes
such as prostaglandin synthase, lipoxygenase,
and cyclooxygenase®. In addition, flavonoids
have potent antiviral, antioxidant, anti-inflamma-
tory, antiplatelet, and antithrombotic func-
tions®C, People on vegan and raw food diets
also showed increased levels of lycopene, alpha-
and beta-carotene, lutein, and vitamins with high
antioxidant potential, including vitamin C and vi-
tamin E¥. Garcia and colleagues also showed
that subjects on a long-term strict vegan and raw
food diet have normal concentrations of vitamin
A and high concentrations of beta-carotene and
that the addition of fats and oils was the most
important factor affecting plasma concentrations
of vitamin A and carotenoids in raw food eaters®'.
Hanninen at al.”® have shown that a diet rich in
uncooked vegetables increases serum tocopherol
and retinol levels after only one week. In light of
the above, it is expected that a raw vegan diet
will affect the immune system (Figure 1). This is
one of the reasons why many studies on raw ve-
gan diet are conducted in patients with impaired
immune system function, especially in patients
with rheumatoid arthritis (RA), where inflamma-
tion is one of the main underlying issues. Raw
food has immunomodulatory and anti-inflamma-
tory potential, and people who eat a raw vegan
diet have lower levels of pro-inflammatory cy-
tokines, CRP, and leptin'®8 %2 A raw vegan diet
also modulates immunity and inflammation by
influencing the gut microbiome. Gas-liquid chro-
matography profiles of bacterial cell fatty acids
from stool samples are significantly altered in
people who practice an extreme raw vegan diet
for one month compared with people who follow
a classic Western diet®. In addition to the effects
on physical health, the effects of raw diets on
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mental health should not be ignored, as the con-
sumption of raw fruits and vegetables is associat-
ed with better mental health and a raw vegan
diet may reduce anxiety and perceived stress lev-
el®,

In addition to the numerous benefits that a raw
vegan diet brings, it is important to point out that
there are also some potential drawbacks (Figure
1). The raw vegan diet is often associated with
low intake of fats and fat-soluble vitamins'® and,
if not well balanced, can lead to deficiencies in
some micro- and macronutrients especially in
children and adolescents According to the rec-
ommendations of the German Nutrition Society,
vegans with a high proportion of raw foods in
their diet would reach all recommended levels,
except for vitamins D, B2, and B12 and the miner-
als calcium, zinc, and iodine®>®¢. Most of these
possible vitamin and mineral deficiencies could
be compensated with a well-balanced raw vegan
diet; i.e. mushrooms and cereal germ can pro-
vide enough vitamin D; oranges and green leafy
vegetables are rich in calcium; consumption of
Nori and/or Chlorella seaweeds in large quanti-
ties can provide adequate amounts of bioavaila-
ble vitamin B12; pine nuts, almonds, hazelnuts,
broccoli, and carrots are rich in zinc; and lettuce,
broccoli, and pineapple are rich in iodine®. In-
deed, although it has been shown that a long-
term raw vegan diet (>24 months) can cause
cobalamin deficiency, and the cross-sectional
study showed lower serum vitamin B12 concen-
trations in the vegans compared with the corre-
sponding omnivorous controls, total vitamin B12
intake correlated significantly with serum vitamin
B12 concentration?. People on a long-term well-
balanced, raw vegan diet have been shown to
have the same concentrations of vitamin B12 and
folates®” and no vitamin D deficiency’® compared
with the corresponding omnivorous control sub-
jects. However, according to the European state-
ments®® % vegan diets should not be adopted by
children?® 1% without expert guidance, planning
and supplementation since children are at higher
risk for developing mineral and vitamin deficien-
cies due to increased needs during the growth®.
Supplementation is sometimes necessary in
adults as well, due to inadequate and/or exces-

sive fiber supply and other components that limit
bioavailability, such as phytate, which has a high
affinity for chelating Zn%, Fe?* Mg?*, Ca*, K*, Mn?*
and other minerals!®* making them bio unavaila-
ble. High fiber consumption in raw vegans can
also cause episodes of diarrhea and dehydration
and increase the likelihood of bloating and flatu-
lence or even bowel obstruction®, Compared to
omnivores, vegans show higher homocysteine
levels®® which are associated with increased risk

A well-balanced raw vegan diet is associated with
immune system enhancement, weight loss, improved
blood pressure and lipid profile, lower risk of cardiovas-
cular disease and has antioxidant and anti-inflammatory
effects. Therefore, raw vegan diet has great potential in
fighting infections and chronic diseases and could
influence COVID-19 severity.

of heart disease, stroke and dementia’® %, High-
er oxalate levels in raw vegetarians may reduce
the body’s mineral absorption and contribute to
kidney-related conditions and injuries!®. Higher
intake of nitrates!® can increase risk for carcino-
ma'”, but also turn hemoglobin into methemo-
globin causing weakness, tachycardia and
dizziness. Due to higher plant food consumption
raw vegans may be more exposed to pesticide
residues than the general population®. Finally,
cooking has critical effects on killing of food
borne pathogens and therefore raw vegans are
more likely to develop food poisoning®.

DISCUSSION AND CONCLUSIONS

Taking into account all the health benefits of a
balanced and carefully implemented raw vegan
diet, this diet could be a powerful tool to fight se-
vere clinical course of the COVID-19 and also the
effects of post-COVID-19 syndrome (Figure 2).

A raw vegan diet has a positive effect on blood
pressure through several mechanisms closely re-
lated to the pathogenesis of SARS-CoV-2 infec-
tion’#75788 and may therefore reduce the
possibility of developing more severe forms of
COVID-19 and PCS. A raw food diet balances the
RAAS'® by regulating renal function, water
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RAW VEGAN DIET

1 anti-inflammatory cytokines
| pro-inflammatory cytokines
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balancing the gut microbiota

1 anti-inflammatory cytokines
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Figure 2. Positive health effects of raw vegan diet associated with pathogenesis of COVID-19 and post-COVID-19
symptoms. BBB, blood-brain barrier; RAAS, renin-aldosterone-angiotensin system; ACE, angiotensin converting
enzyme; ACE2, angiotensin-converting enzyme 2; ANG I, angiotensin Il.

homeostasis, and electrolyte balance, likely due
to increased potassium intake’® 71! A raw ve-
gan diet has a positive effect on blood pressure
through several mechanisms closely related to
the pathogenesis of SARS-CoV-2 infection’476 78 8
and may therefore reduce the possibility of de-
veloping more severe forms of COVID-19 and
PCS. A raw food diet balances the RAAS'™ by reg-
ulating renal function, water homeostasis, and
electrolyte balance, likely due to increased potas-
sium intake’® !, In addition, the raw food diet
inhibits angiotensin-converting enzyme activity
(ACE)*2? which in turn leads to decreased produc-
tion of ANG Il and thus reduced vasoconstriction
and tissue damage. Furthermore, although some
studies have reported that inhibition of ACE
could increase the overall expression of ACE2, it
has been shown that inhibition of ACE leads to a
decrease in membrane-bound ACE2%3, which is
much more important in the context of SARS-
CoV-2 infection because viruses can only use sur-
face-expressed receptors for cell entry and
invasion. Therefore, a decrease in membrane-
bound ACE2 due to inhibition of ACE would de-
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crease its availability to SARS-CoV-2 and reduce
viral load and thus severity of infection®2. In addi-
tion, COVID-19 patients have been shown to
have an altered gut microbiota that is poor in
Lactobacillus and Bifidobacterium*4, and this ab-
normality can be compensated for by a high-fiber
diet, such as raw foods®. This could be another
explanation for the beneficial effects of dietary
fiber on arterial blood pressure. Namely, the ma-
jor metabolites of the gut microbiota are the
short-chain fatty acids acetates, which improve
cardiovascular health and function and thus bal-
ance arterial blood pressure!®. Another mecha-
nism by which a raw vegan diet lowers blood
pressure and could influence COVID-19 and PCS
is by affecting endothelial function!®. Raw vegan
diet balances the production of endothelium NO
and causes vasodilation, and the higher antioxi-
dant content and anti-inflammatory effect of raw
vegan diet protect the endothelium from injury
and vasoconstrictor prevalence!”. In addition,
the raw food diet improves insulin sensitivity*!,
which is important for normal vascular function.
In contrast, in the state of insulin resistance, the
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insulin-stimulated NO pathway is selectively im-
paired, and compensatory hyperinsulinemia may
activate the MAPK pathway, leading to increased
vasoconstriction, pro-inflammation, increased
sodium and water retention, and consequent el-
evation of blood pressure!®®. Consequently, nor-
malization of blood glucose levels”™ decreases
insulin secretion, and thus a raw vegan diet could
decrease viral load, as insulin can promote SARS-
CoV-2 cell entry?® (Figure 2). Moreover, the re-
duction in insulin resistance achieved by the raw
food diet favors better COVID-19 outcomes due
to the inhibition of TNF-a and the general anti-
inflammatory effect supported by the weight loss
and the reduction in adipokine secretion due to
the raw vegan diet'’8, Indeed, in most patients
with severe COVID-19 disease, the immune re-
sponse is overstimulated, with activates pro-in-
flammatory monocytes and aberrant T cells
producing large amounts of pro-inflammatory cy-
tokines, particularly IL-6 and TNF-a, which trigger
the cytokine storm?*122, A high-fiber diet in-
versely correlates with the levels of potent pro-
inflammatory cytokines such as IL-6, TNF-a, and
IL-18 and therefore could contribute to the re-
duction of inflammation during and after COV-
ID-19 infection!?. Weight loss with a resulting
reduction of a fat tissue supports lower values of
inflammatory cytokines since studies have shown
that adipocytes can synthesize proinflammatory
cytokines, notably TNF-alpha, IL-1beta and IL-
6%, Furthermore, flavonoids contribute anti-in-
flammation by inhibiting enzymes such as
prostaglandin synthase, lipoxygenase, and cy-
clooxygenase®. In most cases weight loss is asso-
ciated with a subsequent decrease in plasma
concentrations of total, LDL and HDL cholesterol
and triglycerides® 84, which has a beneficial ef-
fect on the cardiovascular system by reducing the
predisposition to atherothrombotic events’. In
addition, lowering serum cholesterol levels could
reduce viral load by preventing the potential in-
teraction of the virus with ACE2, its replication,
and thus direct endothelial damage and acute
thrombotic events®. Viral load could also be re-
duced by resveratrol, a polyphenol that is a natu-
rally occurring highly powerful antioxidant which
is very abundant in diets based on plant foods
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and has been shown to reduce the expression of
ACE2'?, Raw vegan food also has a positive effect
on brain function. It improves cognitive func-
tion'?® by balancing arterial blood pressure, anti-
inflammatory and antioxidant effects'®’, and by
regulating the microbiota®®®. Finally, it should not
be ignored that the improvement of mental
health through the consumption of raw fruits
and vegetables®® could help people to better
cope with stress during COVID-19 pandemic.
Some potential negative effects of the raw food
diet, such as vitamin D and B12 deficiency asso-
ciated with severe COVID-19 disease and post-
COVID-19 symptoms, may occur in people who
eat an unbalanced raw vegan diet for a long pe-
riod of time 1%, although it has been shown
that s25(OH)D concentrations are not related to
the type of diet, but rather to other factors,
such as vitamin D supplementation, the degree
of skin pigmentation, and the amount and in-
tensity of sun exposure!?. It has also been
shown that individuals on a raw vegan diet are
at risk of developing not only deficiencies in vi-
tamin B12 and D, two important nutrients for
proper nerve cell functioning, but also deficien-
cies in iron, magnesium, zinc, and calcium?®?,
These nutrients are important for the function-
ing of the body and brain, especially for the pre-
vention of sleep disorders and mental disorders
that often occur after the COVID-19 infection.
However, they can be prevented by a careful
and well-balanced diet and therefore should not
be considered a counterargument to a raw diet
in the context of COVID-1902831.97.128 3|though
this type of diet is not recommended for chil-
dren, adolescences, as well as during pregnancy
and lactation?® 9100,

In conclusion, thanks to multiple mechanisms of
action, the raw vegan diet has great immuno-
and cardioprotective potential in combating
chronic diseases and thus, could influence COV-
ID-19 severity and conditions that follow COV-
ID-19 recovery.

Funding: This work has been funded by the Univer-
sity of Rijeka (grant number: uniri-biomed-18-41).

Conflicts of Interest: Authors declare no conflicts of
interest.

http://hrcak.srce.hr/medicina




T. Grubic Kezele, T. Guli¢, G. Blagojevi¢ Zagorac: Raw Vegan Diet in the Context of SARS-CoV-2 Infection

REFERENCES

1.

10.

11.

12.

13.

14.

15.

World Health Organisation [Internet]. Geneva: Weekly
epidemiological update on COVID-19, c2023 [cited
2023 Feb 20]. Available from: https://www.who.int/
publications/m/item/weekly-epidemiological-update-
on-covid-19---4-january-2023.

Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri
S, Nogal A et al. Symptom prevalence, duration, and risk
of hospital admission in individuals infected with SARS-
CoV-2 during periods of omicron and delta variant domi-
nance: a prospective observational study from the ZOE
COVID Study. Lancet 2022;399:1618-24.

Schijns V, Lavelle EC. Prevention and treatment of COV-
ID-19 disease by controlled modulation of innate immu-
nity. Eur J Immunol 2020;50:932-8.

Sivan M, Parkin A, Makower S, Greenwood DC. Post-
COVID syndrome symptoms, functional disability, and
clinical severity phenotypes in hospitalized and nonhos-
pitalized individuals: A cross-sectional evaluation from a
community COVID rehabilitation service. J Med Virol
2022;94:1419-27.

Ramakrishnan RK, Kashour T, Hamid Q, Halwani R,
Tleyjeh IM. Unraveling the Mystery Surrounding Post-
Acute Sequelae of COVID-19. Front Immunol 2021;12:
686029.

Meng J, Xiao G, Zhang J, He X, Ou M, Bi J et al. Renin-an-
giotensin system inhibitors improve the clinical out-
comes of COVID-19 patients with hypertension. Emerg
Microbes Infect 2020;9:757-60.

Frank RC, Mendez SR, Stevenson EK, Guseh JS, Chung M,
Silverman MG. Obesity and the Risk of Intubation or
Death in Patients With Coronavirus Disease 2019. Crit
Care Med 2020;48:1097-101.

Abdi A, Jalilian M, Sarbarzeh PA, Vlaisavljevic Z. Diabetes
and COVID-19: A systematic review on the current evi-
dences. Diabetes Res Clin Pract 2020;166:108347.

Amoroso L. The Second International Conference on Nu-
trition: Implications for Hidden Hunger. World Rev Nutr
Diet 2016;115:142-52.

Fontana L, Shew JL, Holloszy JO, Villareal DT. Low Bone
Mass in Subjects on a Long-term Raw Vegetarian Diet.
Arch Intern Med 2005;165:684.

Koebnick C, Strassner C, Hoffmann |, Leitzmann C. Con-
sequences of a Long-Term Raw Food Diet on Body
Weight and Menstruation: Results of a Questionnaire
Survey. Ann Nutr Metab 1999;43:69-79.

Elorinne AL, Alfthan G, Erlund I, Kivimdki H, Paju A,
Salminen | et al. Food and Nutrient Intake and Nutrition-
al Status of Finnish Vegans and Non-Vegetarians. Sc-
hunck WH, editor. PLoS One 2016;11:0148235.

Neufingerl N, Eilander A. Nutrient Intake and Status in
Adults Consuming Plant-Based Diets Compared to Meat-
Eaters: A Systematic Review. Nutrients 2021;14:29.

Ramasamy R, Vannucci SJ, Yan SS Du, Herold K, Yan SF,
Schmidt AM. Advanced glycation end products and
RAGE: a common thread in aging, diabetes, neurode-
generation, and inflammation. Glycobiology 2005;15:
16-28.

Ali Abd El-Aal Y, Mohamed Abdel-Fattah D, El-Dawy
Ahmed K. Some biochemical studies on trans fatty acid-
containing diet. Diabetes Metab Syndr Clin Res Rev
2019;13:1753-7.

http://hrcak.srce.hr/medicina

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Khan H, Alouffi S, Alatar AA, Qahtan AA, Faisal M, Ah-
mad S. Glycoxidative profile of cancer patient serum: A
clinical result to associate glycation to cancer. Glycobiol-
ogy 2020;30:152-8.

Yokoyama Y, Nishimura K, Barnard ND, Takegami M, Wa-
tanabe M, Sekikawa A et al. Vegetarian Diets and Blood
Pressure. JAMA Intern Med 2014;174:577.

Lee KW, Loh HC, Ching SM, Devaraj NK, Hoo FK. Effects
of Vegetarian Diets on Blood Pressure Lowering: A Sys-
tematic Review with Meta-Analysis and Trial Sequential
Analysis. Nutrients 2020;12:1604.

Rogerson D, Magas D, Milner M, Liu Y, Klonizakis M. Con-
trasting Effects of Short-Term Mediterranean and Vegan
Diets on Microvascular Function and Cholesterol in
Younger Adults: A Comparative Pilot Study. Nutrients
2018;10:1897.

He FJ, Nowson CA, Lucas M, MacGregor GA. Increased
consumption of fruit and vegetables is related to a re-
duced risk of coronary heart disease: meta-analysis of
cohort studies. J Hum Hypertens 2007;21:717-28.

He FJ, Nowson CA, MacGregor GA. Fruit and vegetable
consumption and stroke: meta-analysis of cohort stud-
ies. Lancet 2006;367:320-6.

Tonstad S, Butler T, Yan R, Fraser GE. Type of Vegetarian
Diet, Body Weight, and Prevalence of Type 2 Diabetes.
Diabetes Care 2009;32:791-6.

Barnard ND, Scialli AR, Turner-McGrievy G, Lanou AJ,
Glass J. The effects of a low-fat, plant-based dietary in-
tervention on body weight, metabolism, and insulin sen-
sitivity. Am J Med 2005;118:991-7.

Nicholson AS, Sklar M, Barnard ND, Gore S, Sullivan R,
Browning S. Toward Improved Management of NIDDM:
A Randomized, Controlled, Pilot Intervention Using a
Lowfat, Vegetarian Diet. Prev Med 1999;29:87-91.

Turner-McGrievy GM, Davidson CR, Wingard EE, Wilcox
S, Frongillo EA. Comparative effectiveness of plant-
based diets for weight loss: A randomized controlled tri-
al of five different diets. Nutrition 2015;31:350-8.

Barnard ND, Cohen J, Jenkins DJA, Turner-McGrievy G,
Gloede L, Jaster B et al. A Low-Fat Vegan Diet Improves
Glycemic Control and Cardiovascular Risk Factors in a
Randomized Clinical Trial in Individuals With Type 2 Dia-
betes. Diabetes Care 2006;29:1777-83.

Jia W, Zhen J, Liu A, Yuan J, Wu X, Zhao P et al. Long-
Term Vegan Meditation Improved Human Gut Microbio-
ta. Evid Based Complement Alternat Med 2020;2020:
9517897.

Donaldson MS. Metabolic Vitamin B12 Status on a Most-
ly Raw Vegan Diet with Follow-Up Using Tablets, Nutri-
tional Yeast, or Probiotic Supplements. Ann Nutr Metab
2000;44:229-34.

Koebnick C, Garcia AL, Dagnelie PC, Strassner C, Linde-
mans J, Katz N et al. Long-Term Consumption of a Raw
Food Diet Is Associated with Favorable Serum LDL Cho-
lesterol and Triglycerides but Also with Elevated Plasma
Homocysteine and Low Serum HDL Cholesterol in Hu-
mans. J Nutr 2005;135:2372-8.

Heaton JC, Jones K. Microbial contamination of fruit and
vegetables and the behaviour of enteropathogens in the
phyllosphere: a review. J Appl Microbiol 2008;104:
613-26.

Verhagen H, Rauma A, Toérrénen R, de Vogel N, Bru-
ijntjes-Rozier G, Dreve M et al. Effect of a vegan diet on

medicina fluminensis 2024, Vol. 60, No. 1, p. 15-27



https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---4-january-2023
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---4-january-2023
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---4-january-2023

T. Grubi¢ Kezele, T. Guli¢, G. Blagojevi¢ Zagorac: Raw Vegan Diet in the Context of SARS-CoV-2 Infection

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

48.

49.

medicina fluminensis 2024, Vol. 60, No. 1, p. 15-27

biomarkers of chemoprevention in females. Hum Exp
Toxicol 1996;15:821-5.

Sharma JR, Yadav UCS. COVID-19 severity in obese pa-
tients: Potential mechanisms and molecular targets for
clinical intervention. Obes Res Clin Pract 2021;15:163-71.

Velavan TP, Meyer CG. The COVID-19 epidemic. Trop
Med Int Heal 2020;25:278-80.

Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase
the risk of patients with COVID-19: evidence from meta-
analysis. Aging 2020;12:6049-57.

Lowenstein CJ, Solomon SD. Severe COVID-19 Is a Micro-
vascular Disease. Circulation 2020;142:1609-11.

Libby P, Lischer T. COVID-19 is, in the end, an endotheli-
al disease. Eur Heart J 2020;41:3038-44.

Liu F, Han K, Blair R, Kenst K, Qin Z, Upcin B et al. SARS-
CoV-2 Infects Endothelial Cells In Vivo and In Vitro. Front
Cell Infect Microbiol 2021;11:701278.

Singhania N, Bansal S, Nimmatoori DP, Ejaz AA, McCul-
lough PA, Singhania G. Current Overview on Hypercoag-
ulability in COVID-19. Am J Cardiovasc Drugs 2020;20:
393-403.

Sriram K, Insel PA. A hypothesis for pathobiology and
treatment of COVID-19 : The centrality of ACE1l/ ACE2
imbalance. Br J Pharmacol 2020;177:4825-44.

Perico L, Benigni A, Remuzzi G. Angiotensin-converting
enzyme 2: from a vasoactive peptide to the gatekeeper
of a global pandemic. Curr Opin Nephrol Hypertens
2021;30:252-63.

Khan AA, Baildya N, Dutta T, Ghosh NN. Inhibitory effi-
ciency of potential drugs against SARS-CoV-2 by blocking
human angiotensin converting enzyme-2: Virtual screen-
ing and molecular dynamics study. Microb Pathog
2021;152:104762.

Soria ME, Cortén M, Martinez-Gonzélez B, Lobo-Vega R,
Vazquez-Sirvent L, Lopez-Rodriguez R et al. High SARS-
CoV-2 viral load is associated with a worse clinical out-
come of COVID-19 disease. Access Microbiol 2021;3:
000259.

Khairy Y, Naghibi D, Moosavi A, Sardareh M, Azami-Agh-
dash S. Prevalence of hypertension and associated risks
in hospitalized patients with COVID-19: a meta-analysis
of meta-analyses with 1468 studies and 1,281,510 pa-
tients. Syst Rev 2022;11:242.

Petrakis D, Margina D, Tsarouhas K, Tekos F, Stan M, Niki-
tovic D et al. Obesity — a risk factor for increased COV-
ID-19 prevalence, severity and lethality (Review). Mol
Med Rep 2020;22:9-19.

Cox AJ, West NP, Cripps AW. Obesity, inflammation, and
the gut microbiota. Lancet Diabetes Endocrinol
2015;3:207-15.

Dhar D, Mohanty A. Gut microbiota and Covid-19- possi-
ble link and implications. Virus Res 2020;285:198018.

Chehimi M, Vidal H, Eljaafari A. Pathogenic Role of IL-17-
Producing Immune Cells in Obesity, and Related Inflam-
matory Diseases. J Clin Med 2017;6:68.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y et al. Epi-
demiological and clinical characteristics of 99 cases of
2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 2020;395:507-13.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H et al.
Clinical and immunological features of severe and mod-
erate coronavirus disease 2019. J Clin Invest 2020;130:
2620-9.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Fan J, Wang H, Ye G, Cao X, Xu X, Tan W et al. Letter to
the Editor: Low-density lipoprotein is a potential predic-
tor of poor prognosis in patients with coronavirus dis-
ease 2019. Metabolism 2020;107:154243.

Wang F, Hou H, Luo Y, Tang G, Wu S, Huang M et al. The
laboratory tests and host immunity of COVID-19 pa-
tients with different severity of illness. JCI Insight
2020;5:137799.

Maucourant C, Filipovic I, Ponzetta A, Aleman S, Cornil-
let M, Hertwig L et al. Natural killer cell immunotypes
related to COVID-19 disease severity. Sci Immunol
2020;5:6832.

Ryan PM, Caplice NM. Is Adipose Tissue a Reservoir for
Viral Spread, Immune Activation, and Cytokine Amplifi-
cation in Coronavirus Disease 2019? Obesity 2020;28:
1191-4.

McCracken E, Monaghan M, Sreenivasan S. Pathophysi-
ology of the metabolic syndrome. Clin Dermatol
2018;36:14-20.

Vrani¢ L, Mikolasevic |, Mili¢ S. Vitamin D Deficiency: Con-
sequence or Cause of Obesity? Medicina 2019;55:541.
Sassi F, Tamone C, D’Amelio P. Vitamin D: Nutrient, Hor-
mone, and Immunomodulator. Nutrients 2018;10:1656.

Baltaci D, Kutlucan A, Turker Y, Yilmaz A, Karacam S, Del-
er H et al. Association of vitamin B12 with obesity, over-
weight, insulin resistance and metabolic syndrome, and
body fat composition; primary care-based study. Med
Glas 2013;10:203-10.

Shakoor H, Feehan J, Mikkelsen K, Al Dhaheri AS, Ali HI,
Platat C et al. Be well: A potential role for vitamin B in
COVID-19. Maturitas 2021;144:108-11.

Wolffenbuttel BHR, Wouters HJCM, Heiner-Fokkema
MR, van der Klauw MM. The Many Faces of Cobalamin
(Vitamin B12) Deficiency. Mayo Clin Proc Innov Qual
Outcomes 2019;3:200-14.

Tan CW, Ho LP, Kalimuddin S, Cherng BPZ, Teh YE, Thien
SY et al. Cohort study to evaluate the effect of vitamin D,
magnesium, and vitamin B12 in combination on pro-
gression to severe outcomes in older patients with coro-
navirus (COVID-19). Nutrition 2020;79-80:111017.

Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the car-
diovascular system. Nat Rev Cardiol 2020;17:259-60.

Vuorio A, Watts GF, Kovanen PT. Familial hypercholester-
olaemia and COVID-19: triggering of increased sustained
cardiovascular risk. J Intern Med 2020;287:746—7.

Wei X, Zeng W, Su J, Wan H, Yu X, Cao X et al. Hypolipi-
demia is associated with the severity of COVID-19. J Clin
Lipidol 2020;14:297-304.

Cao X, Yin R, Albrecht H, Fan D, Tan W. Cholesterol: A
new game player accelerating vasculopathy caused by
SARS-CoV-2? Am J Physiol Metab 2020;319:197-202.
Gupta R, Ghosh A, Singh AK, Misra A. Clinical considera-
tions for patients with diabetes in times of COVID-19 ep-
idemic. Diabetes Metab Syndr Clin Res Rev 2020;14:
211-2.

Brufsky A. Hyperglycemia, hydroxychloroquine, and the
COVID-19 pandemic. J Med Virol 2020;92:770-5.
Hussain A, Bhowmik B, do Vale Moreira NC. COVID-19
and diabetes: Knowledge in progress. Diabetes Res Clin
Pract 2020;162:108142.

Berbudi A, Rahmadika N, Tjahjadi Al, Ruslami R. Type 2
Diabetes and its Impact on the Immune System. Curr Di-
abetes Rev 2020;16:442-9.

http://hrcak.srce.hr/medicina




T. Grubic Kezele, T. Guli¢, G. Blagojevi¢ Zagorac: Raw Vegan Diet in the Context of SARS-CoV-2 Infection

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Kompaniyets L, Bull-Otterson L, Boehmer TK, Baca S, Al-
varez P, Hong K et al. Post-COVID-19 Symptoms and
Conditions Among Children and Adolescents — United
States, March 1, 2020-January 31, 2022. MMWR Morb
Mortal Wkly Rep 2022;71:993-9.

Augustin M, Schommers P, Stecher M, Dewald F, Giesel-
mann L, Gruell H et al. Post-COVID syndrome in non-hos-
pitalised patients with COVID-19: a longitudinal
prospective cohort study. Lancet Reg Heal — Eur 2021;6:
100122.

Almutairi MM, Sivandzade F, Albekairi TH, Algahtani F,
Cucullo L. Neuroinflammation and Its Impact on the
Pathogenesis of COVID-19. Front Med 2021;8:745789.

Akpek M. Does COVID-19 Cause Hypertension? Angiol-
ogy 2022;73:682-7.

Peter RS, Nieters A, Krausslich HG, Brockmann SO, Gopel
S, Kindle G et al. Post-acute sequelae of covid-19 six to
12 months after infection: population based study. BMJ
2022;379:071050.

Douglass JM, Rasgon IM, Fleiss PM, Schmidt RD, Peters
SN, Abelmann EA. Effects of a Raw Food Diet on Hyper-
tension and Obesity. South Med J 1985;78:841-4.

Hanninen O, Nenonen M, Ling WH, Li DS, Sihvonen L. Ef-
fects of eating an uncooked vegetable diet for 1 week.
Appetite 1992;19:243-54.

Fardet A. Minimally processed foods are more satiating
and less hyperglycemic than ultra-processed foods: a
preliminary study with 98 ready-to-eat foods. Food
Funct 2016;7:2338-46.

McMacken M, Shah S. A plant-based diet for the preven-
tion and treatment of type 2 diabetes. J Geriatr Cardiol
2017;14:342-54.

Fontana L, Meyer TE, Klein S, Holloszy JO. Long-Term
Low-Calorie Low-Protein Vegan Diet and Endurance Ex-
ercise are Associated with Low Cardiometabolic Risk. Re-
juvenation Res 2007;10:225-34.

Joshi S, Ettinger L, Liebman SE. Plant-Based Diets and
Hypertension. Am J Lifestyle Med 2020;14:397-405.

Chan Q, Stamler J, Brown IJ, Daviglus ML, Van Horn L,
Dyer AR et al. Relation of raw and cooked vegetable con-
sumption to blood pressure: the INTERMAP Study. J
Hum Hypertens 2014;28:353-9.

Oude Griep L, Verschuren WMM, Kromhout D, Ocké MC,
Geleijnse JM. Raw and processed fruit and vegetable
consumption and 10-year stroke incidence in a popula-
tion-based cohort study in the Netherlands. Eur J Clin
Nutr 2011;65:791-9.

Key TJA, Thorogood M, Appleby PN, Burr ML. Dietary
habits and mortality in 11 000 vegetarians and health
conscious people: results of a 17 year follow up. BMJ
1996;313:775-9.

Agren 1), Turzicka E, Nenonen MT, Helve T, Hanninen O.
Divergent changes in serum sterols during a strict un-
cooked vegan diet in patients with rheumatoid arthritis.
BrJ Nutr 2001;85:137-9.

Yokoyama Y, Levin SM, Barnard ND. Association between
plant-based diets and plasma lipids: a systematic review
and meta-analysis. Nutr Rev 2017;75:683-98.

Najjar RS, Moore CE, Montgomery BD. A defined, plant-
based diet utilized in an outpatient cardiovascular clinic
effectively treats hypercholesterolemia and hyperten-
sion and reduces medications. Clin Cardiol 2018;41:
307-13.

http://hrcak.srce.hr/medicina

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Lee S, Choi Y, Jeong HS, Lee J, Sung J. Effect of different
cooking methods on the content of vitamins and true re-
tention in selected vegetables. Food Sci Biotechnol
2017; 27:333-342.

Rauma AL, Torronen R, Hanninen O, Verhagen H,
Mykkdnen H. Antioxidant status in long-term adherents
to a strict uncooked vegan diet. Am J Clin Nutr 1995;62:
1221-7.

Al-Khayri JM, Sahana GR, Nagella P, Joseph BV, Alessa
FM, Al-Mssallem MQ. Flavonoids as Potential Anti-In-
flammatory Molecules: A Review. Molecules 2022;27:
2901.

Badshah SL, Faisal S, Muhammad A, Poulson BG, Emwas
AH, Jaremko M. Antiviral activities of flavonoids. Biomed
Pharmacother 2021;140:111596.

Agrawal AD. Pharmacological Activities of Flavonoids: A
Review. Int J Pharm Sci Nanotechnol 2011;4:1394-8.

Garcia AL, Koebnick C, Dagnelie PC, Strassner C, Elmadfa
I, Katz N et al. Long-term strict raw food diet is associat-
ed with favourable plasma B-carotene and low plasma
lycopene concentrations in Germans. Br J Nutr 2008;99:
1293-300.

Link LB, Hussaini NS, Jacobson JS. Change in quality of
life and immune markers after a stay at a raw vegan in-
stitute: A pilot study. Complement Ther Med 2008;16:
124-30.

Peltonen R, Ling WH, Hanninen O, Eerola E. An un-
cooked vegan diet shifts the profile of human fecal mi-
croflora: computerized analysis of direct stool sample
gas-liquid chromatography profiles of bacterial cellular
fatty acids. Appl Environ Microbiol 1992;58:3660—6.

Brookie KL, Best Gl, Conner TS. Intake of Raw Fruits and
Vegetables Is Associated With Better Mental Health
Than Intake of Processed Fruits and Vegetables. Front
Psychol 2018;9:487.

Sebastiani G, Herranz Barbero A, Borras-Novell C, Alsina
Casanova M, Aldecoa-Bilbao V, Andreu-Fernandez V et
al. The Effects of Vegetarian and Vegan Diet during Preg-
nancy on the Health of Mothers and Offspring. Nutrients
2019;11:557.

Richter M, Boeing H, Grinewald-Funk D, Heseker H,
Kroke A, Leschik-Bonnet E et al for the German Nutrition
Society (DGE). Vegan diet. Position of the German Nutri-
tion Society (DGE). Ernahrungs Umschau 2016;63:
92-102.

Abraham K, Trefflich I, Gauch F, Weikert C. Nutritional In-
take and Biomarker Status in Strict Raw Food Eaters. Nu-
trients 2022;14:1725.

Rudloff S, Biihrer C, Jochum F, Kauth T, Kersting M, Korn-
er A et al. Vegetarian diets in childhood and adoles-
cence. Mol Cell Pediatr 2019;6:4.

Fewtrell M, Bronsky J, Campoy C, Domell6f M, Embleton
N, Fidler Mis N et al. Complementary Feeding: A Position
Paper by the European Society for Paediatric Gastroen-
terology, Hepatology, and Nutrition (ESPGHAN) Commit-
tee on Nutrition. J Pediatr Gastroenterol Nutr 2017;64:
119-32.

Kiely ME. Risks and benefits of vegan and vegetarian di-
ets in children. Proc Nutr Soc 2021;80:159-64.

Brouns F. Phytic Acid and Whole Grains for Health Con-
troversy. Nutrients 2021;14:25.

lonita-Mindrican CB, Ziani K, Mititelu M, Oprea E,
Neacsu SM, Morosan E et al. Therapeutic Benefits and

medicina fluminensis 2024, Vol. 60, No. 1, p. 15-27




T. Grubi¢ Kezele, T. Guli¢, G. Blagojevi¢ Zagorac: Raw Vegan Diet in the Context of SARS-CoV-2 Infection

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

medicina fluminensis 2024, Vol. 60, No. 1, p. 15-27

Dietary Restrictions of Fiber Intake: A State of the Art
Review. Nutrients 2022;14:2641.

Smith AD, Refsum H, Bottiglieri T, Fenech M, Hoosh-
mand B, McCaddon A et al. Homocysteine and Demen-
tia: An International Consensus Statement. J Alzheimer’s
Dis 2018;62:561-70.

McKay DL, Berkowitz JM, Blumberg JB, Goldberg JP.
Communicating cardiovascular disease risk due to ele-
vated homocysteine levels: using the EPPM to develop
print materials. Health Educ Behav 2004;31:355-71.

Bargagli M, Tio MC, Waikar SS, Ferraro PM. Dietary
Oxalate Intake and Kidney Outcomes. Nutrients 2020;12:
2673.

Mitek M, Anyzewska A, Wawrzyniak A. Estimated dietary
intakes of nitrates in vegetarians compared to a tradi-
tional diet in Poland and acceptable daily intakes: is
there a risk? Rocz Panstw Zakl Hig 2013;64:105-9.

Chazelas E, Pierre F, Druesne-Pecollo N, Esseddik Y, Sz-
abo de Edelenyi F, Agaesse C et al. Nitrites and nitrates
from food additives and natural sources and cancer risk:
results from the NutriNet-Santé cohort. Int J Epidemiol
2022;51:1106-19.

Van Audenhaege M, Heraud F, Menard C, Bouyrie J, Mo-
rois S, Calamassi-Tran G et al. Impact of food consump-
tion habits on the pesticide dietary intake: comparison
between a French vegetarian and the general popula-
tion. Food Addit Contam Part A Chem Anal Control Expo
Risk Assess 2009;26:1372-88.

Wright AC, Danyluk MD, Otwell WS. Pathogens in raw
foods: what the salad bar can learn from the raw bar.
Curr Opin Biotechnol 2009;20:172-7.

Maris SA, Williams JS, Sun B, Brown S, Mitchell GF, Con-
lin PR. Interactions of the DASH Diet with the Renin-An-
giotensin-Aldosterone System. Curr Dev Nutr 2019;3:
3009003.

Haddy FJ, Vanhoutte PM, Feletou M. Role of potassium
in regulating blood flow and blood pressure. Am J Physi-
ol Integr Comp Physiol 2006;290:546-52.

Chen L, Wang L, Shu G, Li J. Antihypertensive Potential of
Plant Foods: Research Progress and Prospect of Plant-
Derived Angiotensin-Converting Enzyme Inhibition Com-
pounds. J Agric Food Chem 2021;69:5297-305.

Wysocki J, Lores E, Ye M, Soler MJ, Batlle D. Kidney and
Lung ACE2 Expression after an ACE Inhibitor or an Ang Il
Receptor Blocker: Implications for COVID-19. J Am Soc
Nephrol 2020;31:1941-3.

Mak JWY, Chan FKL, Ng SC. Probiotics and COVID-19:
one size does not fit all. Lancet Gastroenterol Hepatol
2020;5:644-5.

Tooley KL. Effects of the Human Gut Microbiota on Cog-
nitive Performance, Brain Structure and Function: A Nar-
rative Review. Nutrients 2020;12:3009.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Lin PH, Leslie D, Levine M, Davis G, Esselstyn C. Plant-
Based Diet Reverses Vascular Endothelial Dysfunction in
Patients with Peripheral Arterial Disease. Int J Dis Re-
versal Prev 2020;2:15.

Grubi¢ Kezele T, Curko-Cofek B. Neuroprotective Panel
of Olive Polyphenols: Mechanisms of Action, Anti-Demy-
elination, and Anti-Stroke Properties. Nutrients 2022;14:
4533,

Eddouks M, Bidi A, El Bouhali B, Hajji L, Zeggwagh NA.
Antidiabetic plants improving insulin sensitivity. J Pharm
Pharmacol 2014;66:1197-214.

Zhou MS, Schulman IH, Raij L. Vascular inflammation, in-
sulin resistance, and endothelial dysfunction in salt-sen-
sitive hypertension: role of nuclear factor kappa B
activation. J Hypertens 2010;28:527-35.

Sun W. Insulin may promote SARS-CoV-2 cell entry and
replication in diabetes patients. Med Hypotheses 2023;
170:110997.

Madabhavi I, Sarkar M, Kadakol N. COVID-19. A review.
Monaldi Arch Chest Dis 2020;90:32498503.

Tufan A, Avanoglu Giler A, Matucci-Cerinic M. COV-
ID-19, immune system response, hyperinflammation
and repurposing antirheumatic drugs. Turkish J Med Sci
2020;50:620-32.

Ma Y, Hébert JR, Li W, Bertone-Johnson ER, Olendzki B,
Pagoto SL et al. Association between dietary fiber and
markers of systemic inflammation in the Women's Health
Initiative Observational Study. Nutrition 2008;24:941-9.

Coppack SW. Pro-inflammatory cytokines and adipose
tissue. Proc Nutr Soc 2001;60:349-56.

de Ligt M, Hesselink MKC, Jorgensen J, Hoebers N, Blaak
EE, Goossens GH. Resveratrol supplementation reduces
ACE2 expression in human adipose tissue. Adipocyte
2021;10:408-11.

Ramey MM, Shields GS, Yonelinas AP. Markers of a
plant-based diet relate to memory and executive func-
tion in older adults. Nutr Neurosci 2022;25:276-85.

Franzoni F, Scarfo G, Guidotti S, Fusi J, Asomov M, Pru-
neti C. Oxidative Stress and Cognitive Decline: The Neu-
roprotective Role of Natural Antioxidants. Front
Neurosci 2021;15:729757.

Woo K, Kwok T, Celermajer D. Vegan Diet, Subnormal Vi-
tamin B-12 Status and Cardiovascular Health. Nutrients
2014;6:3259-73.

Chan J, Jaceldo-Siegl K, Fraser GE. Serum 25-hydroxyvi-
tamin D status of vegetarians, partial vegetarians, and
nonvegetarians: the Adventist Health Study-2. Am J Clin
Nutr 2009;89:1686-1692.

Bakaloudi DR, Halloran A, Rippin HL, Oikonomidou AC,
Dardavesis TI, Williams J et al. Intake and adequacy of
the vegan diet. A systematic review of the evidence. Clin
Nutr 2021;40:3503-21.

http://hrcak.srce.hr/medicina

27




