International Journal of Endocrinology Sciences

Online ISSN: 2664-9292, Print ISSN: 2664-9284

Received: 01-11-2020; Accepted: 16-11-2020; Published: 01-12-2020
www.endocrinologyjournal.net

Volume 2; Issue 1; 2020; Page No. 01-11

SARS-CoV-2-the unforeseen peril of david winning against goliath: The immune giant collapsing
under its own rampaging cytokine storm
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Abstract

We examined SARS-CoV-2 (Covid-19) available treatments and prophylactic methods that included interventions associated
with inhibiting the ‘type II transmembrane serine protease’ (TMPRSS2) to limit the fusion between the Covid-19 Spike
proteins and ACE2 receptors, or newly developed therapeutics like Remdesivir that interferes with the viral RNA replication.
We explored the dilemma of ACE2 receptors that have a protective function against high blood pressure associated disorders,
yet, they serve as the viral points of entry, elevating the probability of infection. Human tissues’ analysis reveals a higher
ACE2 expression in adipose tissue, placing obesity-related conditions in the eye of the pandemic storm. It primarily exposes
males due the surge of ACE2 receptors in the testes along with other tissues. Males manifest a relatively higher positive ACE2
correlations with certain immune cells in the lungs, thyroid, adrenals, liver and colon, while females evidence higher ACE2
correlations with immune cells in the heart. The remaining tissues’ ACE2/immunity expressions are equivalent in both sexes,
indicating that despite its preference for males, the threat of Covid-19 can easily target females. Recent reports indicate that
Covid-19 is empowered by hindering the critical process of viral recognition during the adaptive immune response leading to
the “cytokine storm,” the aggravated immune response that indiscriminately perseveres, rampaging the host’s vital organs.
Sedentary lifestyle, age-related hormonal imbalance, and adiposity induced inflammation predispose the body to the immune
collapse following Covid-19 invasion, spotlighting the detrimental aftermath of metabolic dysfunction, and excess food
Consumption provoked by elevated cortisol and dysregulated appetite hormones. ACE 2 expression is suppressed in the
skeletal muscle, rendering fitness and weight management an effective Covid-19 preventive intervention, along with social
distancing, hygiene, and facial coverings. Physical activity, or exercise alternative methods have recently demonstrated
statistically significant reductions of the inflammatory marker C-Reactive Protein (CRP), triglycerides, visceral fat, cortisol
and the orexigenic hormone ghrelin, juxtaposed by optimal increases of IGF-1, skeletal muscle mass, Free T3, HDL, and the
anorexic hormone leptin.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-Cov-2) related to the Coronavirus disease 2019
(Covid-19) is currently recognized as a global health crisis.
In a way, it resembles the initially unforeseen results of the
David and Goliath battle, the virus against all our medical
advances, ultimately leading to devastating consequences
that range from lockdowns and economic disruption to
family and personal tragedies with over a million deaths
worldwide.

The purpose of this review was to analyse the six primary
strategies currently available in the prevention and treatment
of SARS-CoV-2 1/ Inhibit the ‘type II transmembrane
serine protease’ (TMPRSS2) that primes both ACE2
receptors and the Covid’s Spike (S1, S2) glycoproteins to
facilitate their fusion. 2/ Increase shedding of the ACE2
receptors, induced by ‘A Disintegrin and Metalloprotease
177 (ADAM17) that may potentially restrict the spread of
the disease. 3/ Obstruct the action of the Nucleocaspic (N)
proteins involved in the replication of the viral DNA. 4/
Prophylactic measures or techniques to harness the
rampaging inflammatory response leading to the “cytokine
storm” that promotes high mortality rates. 5/ Protect against
infection with hygiene, face coverings and social distancing.

6/ Capitalize on wellbeing via a lifestyle that promotes
optimal weight, fitness and hormonal balance to prevent
and/or defend against infection.

The Dilemma of Ang Il and ACE2 Receptors

The imminent fusion between Covid-19 Spike (S) proteins
and angiotensin enzyme-2 (ACE2) receptors preludes the
viral entry into human cells, placing the focus on the
hierarchic multi-dimensional activity of the renin
angiotensin system (RAS) [l Angiotensin enzyme (ACE)
cleaves Ang Il from Ang I, hence increasing Ang II, which
can be then transformed into Ang III and IV. Angiotensins
are vasoconstrictor hormones that increase blood pressure.
ACE?2 catalyses Ang II, generating Ang (1-7), a vasodilator
agent that features antioxidant and anti-inflammatory
effects; ACE2 metabolizes Ang I into Ang (1-9) which
performs a protective function on the heart, the vessels, and
possibly the kidneys; while ACE, which actually determines
the Ang II production results in the degradation of Ang (1-
7) 23,561 Based on this simultaneous mosaic of processes,
ACE inhibitors decrease the production of Ang II, and
increase the Ang (1-7) in the system. With regards to Covid-
19, as ACE inhibitors compromise the levels of Ang II, they
reduce the concentrations of ‘A Disintegrin and
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Metalloprotease 17 (ADAMI17) which is normally
promoted by Ang II. ADAMI17 can cleave ACE2 from the
cellular membrane, shedding it into body fluids, thus
restricting the viral S proteins’ fusion with ACE2 receptors,
and consequently limiting infection & 7. The ADAMI17
cleavage of ACE2 that can be potentially beneficial to
suppressing the entrance and spread of the virus, is an
antagonist to the ‘type Il transmembrane serine protease’
(TMPRSS2) that cleaves both the ACE2 receptor and the
viral S proteins, preparing them to fit into each other, hence
facilitating the ominous proliferation of Covid-19 Bl This
priming action of TMPRSS?2 is necessary for the S/ACE2
fusion that commences the viral advancement into the body.
Ang II is functional in upregulating ADAMI17 that is
involved in the ACE2 shedding thus restricting Covid-19
access into the cell; however, Ang II increases
inflammation, oxidative stress and has been associated with
atherosclerosis [); ACE2 catalyses Ang II, acting as a
protective mechanism against the blood pressure increase
induced by Ang II that would otherwise be deleterious to
diseases such as hypertension, diabetes, and cardiovascular
illness %, ACE2 receptors protect the lungs from
pulmonary vasoconstriction and remodelling, they prevent
myocardial hypertrophy and high blood pressure; yet, by the
same token, they serve as a Covid-19 gateway, exposing the
body to the deleterious effects of the virus. Ang II increases
pulmonary edema and vascular permeability that can result
in ARDS; it induces atherosclerosis, hypertension and
possible heart failure; yet it is involved in the shedding of
ACE?2 receptors via ADAM17 which ultimately reduces the
chances of viral entry. The lethal effects of SARS-COV-2
are more pronounced in pre-existing cardiac and pulmonary
disorders, spotlighting the dualistic function of both
Angiotensin II and ACE2 receptors that can be both an
advantage and a disadvantage, rendering treatment
insurmountable when SARS-CoV-2 is combined with
dysfunctional vital organs.

The Complex Testimony of Human Tissues

SARS-CoV-2 affects the upper respiratory track with flu-
like symptoms, and the lower respiratory system by
symptoms including difficulty breathing that may evolve
into pneumonia or the Acute Respiratory Distress Syndrome
(ARDS). Counterintuitively, the lungs do not encapsulate
the greatest multitude of ACE2 receptors. The analysis of 31
normal human tissues revealed that adipose tissue, heart,
testes, kidneys and small intestines had the highest ACE2
expression, rendering these organs the primary Covid-19
targets, representing the most vulnerable points of viral
entry. The lungs, adrenal gland, bladder, liver and colon
manifest a moderate ACE2 expression, while the muscle,
the brain, blood vessels, spleen and bone marrow evince the
lowest ACE2 expression [ 2. These investigators also
explored male, female, young and old immune cells
including a) B cells, lymphocytes that develop into plasma
cells producing antibodies; b) natural killer cells (NK); c)
CD8+ cells which include cytotoxic T cells that specifically
target viral infections; and d) interferons, that represent
proteins designed to inhibit viral replication, as well as T
cells’ suppressors, designed to restrain an overreactive
immune system. Males’ ACE2 expression in the lungs,
thyroid, liver, colon, kidney, stomach and pancreas was
linked with increased levels of B, NK, CD8&+ T cells and
interferons. On the other hand, females’ ACE2 expression in
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the lungs and thyroid was associated with decreased levels
of B, NK, CD8+ T cells. Increased ACE2 expression in the
female heart tissues was accompanied by increased B, NK,
CE8+ T cells and Interferons, unlike male heart tissues,
where ACE2 receptors and immune cells featured a negative
correlation. ACE2 receptors in the kidneys, skin, stomach,
and adipose tissue were associated with increased levels of
immune cells in both sexes. ACE2 receptors were positively
correlated with the lung tissues of older individuals over 45
years and negatively correlated with the lung tissues of
younger individuals under 45 years of age. These results
reflect a male vulnerability in terms of the positive
ACE2/immune cells’ correlation with the lungs and thyroid
tissues, and a disadvantage for females regarding the
positive ACE2/immune cells correlations with the heart
tissues. The remaining tissues’ ACE2/immunity correlations
appeared to be similar in both sexes. The positive
ACE2/immunity may signify the eventual mushrooming of
the overstated immune response, preluding the lethal
consequences of the cytokine storm, a process during which
lymphocytes, leukocytes, interferons and NK cells spin out
of control in an overly aggressive attack against the virus
that causes injury to the vital organs. The positive
ACE2/immunity correlations in male lungs, testes and
thyroid tissues, and older individuals’ lung tissues when
compared to females and younger people respectively, may
explain the higher SARS-COV-2 mortality rates among
males and the eldest U'> ' 131 However, the higher
correlation between ACE2 receptors and immune cells in
female heart tissues, as well as the fact that such positive
correlations are equivalent in both males’ and females’
kidneys, skin, stomach, and adipose tissue, warns against
reaching the conclusion that women are indiscriminately
less susceptible to the disease. Therefore, a thorough
medical evaluation of all vital organs is necessary in
evaluating female prognosis to Covid-19. More research
focused on human tissues’ analysis from SARS-COV-2
patients may be necessary to further elucidate the molecular
interactions between ACE2 receptors and the complex
network of immune activity.

The Mechanics of the Cytokine Storm

Cytokine storm reflects a persistent immune response,
defensively propelled to annihilate the virus that blindly
perseveres, rampaging the infected vital organs with lethal

consequences 4 1],
Cytokines  are  pleiotropic,  multifunctional  bio-
communication agents composed by diverse, yet

interconnected entities, including: 1. Interferons (INFs)
which regulate immune activity and are classified into I, II,
and II subtypes; INFs type I (IFN-as, IFN-4, IFN-w, IFN-«,
and IFN-z) are crucial in eliciting immune responses against
viral infections [ 7], 2. Interleukins (IL) which are vital in
stimulating the immune system; they are involved in the
proliferation, differentiation and survival of leukocytes,
otherwise known as white blood cells (WBCs). Interleukin-
2 (IL-2) is a signalling molecule that has been used to treat
cancer, while Interleukin-3 (IL-3) has a protective function
regarding the survival of macrophages and mast cells, and a
preventive one against cellular apoptosis ['¥l. Interleukins
have Dboth pro- and anti-inflammatory properties.
Interleukins-la and 1b (IL-la and IL-1b) are
proinflammatory. IL-6 is both a pro-inflammatory cytokine
and an anti-inflammatory myokine. IL-8 in involved in
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elevating inflammation ['). IL-10 is largely accepted as an
anti-inflammatory cytokine 2%, 3/ Chemokines which are
mostly pro-inflammatory, recruit leukocytes and other
immune cells, like neutrophils and monocytes/macrophages
to attack viral entities; leukocytes demonstrate a positive
chemotaxis - a Greek work that reflects a chemically driven
movement towards a stimulus. Leukocytes shift from blood
vessels towards, and into bodily tissues initiating
inflammation. Chemokines are primarily classified into
CXC, CC, C, and CX3C 3 subtypes 2. 4. Colony-
stimulating factors (CSFs) activate the genesis of
hematopoietic progenitor cells (HPCs), and are closely
associated to inflammation via an intertwined network that
features IL-1 and the tumour necrosis factors (TNF) 221, 5,
Tumour Necrosis Factor (TNF) stimulates cytotoxic T
lymphocytes (CTL), or otherwise known as T-killer cells, or
CD8+ T-cells. TNF is a protagonist in the emergence of the
cytokine storm and has been associated with chronic
inflammation 23241,

IL-1b is one of the central cytokines driving the lungs’
proinflammatory processes 2. The lungs’ inflammatory
condition provokes renal epithelial cell apoptosis and
eventual renal dysfunction [°. This happens as
inflammation overflows from the lungs into the circulation,
igniting systemic sepsis where TNF, IL-1b and IL-8 are
eventually accompanied by a more substantial increase of
IL-6, followed by the anti-inflammatory cytokine IL-10.
This sequence suggests that IL-6 is stimulated by TNF and
IL-1b which are manifested during the earlier stage of the
infection [ 281, The clinical manifestations of the cytokine
storm appear to resemble a sepsis syndrome, or a Systemic
Inflammatory Response Syndrome (SIRS), induced by the
host’s dysregulated response to infection. This may be
partly genetically determined %], while a sedentary lifestyle
that accumulates adiposity and instigates inflammation, may
be a major contributor to immune aberration evoking the
cytokine storm. Interleukins (IL-1, IL-2, IL-6, IL-8) and
TNF, along with the inflammatory marker C-Reactive
Protein (CRP) are prominent in both subcutaneous and
visceral adipose tissue, increasing the probability of Covid-
19 infection, due to the abundance of ACE2 receptors in
adipose tissue, while exposing the organism to the cytokine
storm, due to the pre-existing elevated inflammatory
condition [30-31,32.33,34,35,36 37]

Health is based on immune homeostasis which depends on a
balance between proinflammatory cytokines and their
inhibitors. For example, TNFR1 is the inhibitor of TNF, and
IL-1RA is the inhibitor of IL-1b ¥, The disturbance of this
balance is followed by the flaring of the cytokine storm. It is
unclear if the immune cells can no longer distinguish
between the virus and the infected tissues, or whether
immune efficiency has deteriorated. Autopsies reveal
minimal lymphocytes and neutrophils, yet a relatively larger
number of macrophages, whose primary function is to
engulf foreign substances and cellular debris . However,
an autopsy depicts a biological landscape after the war
against the virus is over, and may not represent the
processes occurring during the battle. Possibly, the
excessive effort to overcome the virus depletes energy in the
form of Adenosine Triphosphate (ATP), promoting
lymphocytes’ and neutrophils’ apoptosis [ Energy
depletion, however, does not accurately describe the entire
process of why and how the immune activity turns against
itself during the cytokine storm.
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Initially, cytokines regulate an innate or non-specific line of
immune defence. This evolves into the adaptive immune
response that focuses on the specific virus, a critical switch
largely controlled by cytokines and chemokines. The
cytokine storm is either the result of a) a deficient initial
response; b) an inadequate switch between the innate and
adaptive defences, hence compromising viral identification;
or ¢) a series of errors during the adaptive stage, obscuring
immune ability to distinguish between self and non-self,
attacking and rampaging the vital organs of the host. A
number of investigators have postulated that insufficient
production of Interferon (INF) type I can impair immune
innate action ™ 4> 41 A recent review suggests that
coronavirus is designed to hinder the critical process of viral
recognition, and suppress the production of IFN type I,
ultimately inhibiting the emergence of the adaptive immune
response Y. IFN type I was reportedly lower in a patient
with poor prognosis and outcome 31,

The Interferon-induced proteins 2 and 10 chemokines
(CXCL2 and CCL10) appear to be associated with disease
severity, and there is evidence that patients with elevated
CXCL10 have a larger number of fatalities [6 471,
Additionally, there is evidence that severely ill patients are
deficient in the human leukocyte antigen (HLA) system of
proteins which are recorded by the major histocompatibility
complex (HMC) gene. Additionally, they present defects
related to the Immunoglobulin (IG) gene that regulates
antigen receptors of the B cells. B cells secrete antibodies
which target both bacteria and viruses, unlike T cells that
can only recognize viral antigens 8. HMC genes that
encode many proteins involved in T cells antigens that are
active during the adaptive response, are upregulated in
recovered patients but not in deteriorated ones. HMC genes
are essential for the adaptive immune response, therefore,
possibly the transition from the innate to the adaptive
immune response may be flawed. As a result the immune
target remains non-specific, with compromised recognition
of the actual virus, resulting in an indiscriminate general
attack that involves the tissues of vital organs with
inevitable deleterious circumstances 4%,

Methods to Inhibit Viral DNA Replication

As previously stated Nucleocaspic (N) proteins are
instrumental in the viral RNA replication and transcription
that is facilitated by the RNA-dependent RNA polymerase
12 (RdRp), or otherwise known as non-structural protein 12
(nsp12) in collaboration with the non-structural proteins
nsp7 and nsp8. Nspl2 is the primary target of Remdesivir, a
nucleotide analogue (NA) antiviral inhibitor that has
recently gained popularity in the treatment of SARS-CoV-2
by inhibiting viral RNA replication [l 52 33 34 35, 56, 57
Clinical research found a statistically significant advantage
of Covid-19 patients receiving a 5-day Remdesivir course vs
standard care, but no difference between the 5- and 10-day
Remdesivir courses 1%, However, a data analysis shows
only a small clinical improvement between the 5-day / 10-
day Remdesivir groups when juxtaposed against the
standard care group. From the 193 patients who received a
10-day Remdesivir course, 2 died and one required invasive
mechanical ventilation, while 0 needed non-invasive
ventilations. From the 191 patients who received a 5-day
Remdesivir course, 0 died or required invasive mechanical
ventilation, while 5 needed non-invasive ventilation. From
the 200 standard care patients, 4 died, 4 required invasive
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mechanical ventilation, and 7 required non-invasive
ventilation. Subsequent evidence with 1,300 participants
revealed that Remdesivir may speed up clinical
improvement and reduce fatalities in severely ill patients.
Overall, most current research provides low certainty, and a
weak recommendation for Remdesivir in the treatment of
Covid-19 [5% 60.61,62]

Protective methods

The extensive person-to-person transmission of Covid-19 by
asymptomatic individuals or those at the initial stages of the
disease has driven the World Health Organization (WHO) to
reverse their original recommendation that did not require
face coverings [63 64 65,66, 67. 68] "Wearing masks can protect
the public from those who have already contracted the virus,
while being a successful prophylactic measure in reducing
the viral load when one is near infected individuals 6% 7% 711,
Social models emerging from Taiwan, China and Hong
Kong where a large part of the population wears masks have
demonstrated both a lower infection and mortality rate,
unlike countries like the USA where not wearing a mask is
considered as a right to personal freedom "> 73 71, Hygiene
and social distancing are globally accepted as additional
protection methods against Covid-19.

Capitalize on wellbeing

A retrospective clinical trial on 150 Covid-19 patients
demonstrated that Visceral adiposity (p=0.032 P<0.05), age
(p=0.009 P<0.01) and inflammation measured by C-
reactive protein (CRP - P<0.0001), were positively
correlated with poor prognosis and elevated mortality rates
[73], Another clinical study used computer tomography (CT)
to determine the presence of Visceral Adipose Tissue
(VAT) in Covid-19 infected patients. BMI did not
distinguish between patients in the normal ward and
Intensive Care Unit (ICU) with or without mechanical
ventilation. In fact the ICU patients without mechanical
ventilation had a slightly higher BMI. ICU patients that did
not required mechanical ventilation manifested larger
amounts of subcutaneous fat; however, the most severely ill
ICU patients that required mechanical ventilation were
distinguished by their accumulated VAT. These
investigators concluded that VAT may be a possible
predictor of exacerbated symptomatology and poor
prognosis after contracting Covid-19 7). These results were
confirmed by another CT study examining hepatic steatosis
associated with visceral fat as sell as epicardial adipose
tissue (EAT) in younger Covid-19 patients under 40 years of
age that classified VAT as one of the primary risk factors of
viral vulnerability and disease severity [77],

VAT has a higher expression of ACE2 receptors, which, as
previously noted, represent the entry points of Covid-19, in
contrast to muscle tissue that has the lowest expression of
ACE2 receptors. Therefore, any method that reduces VAT,
utilizing it as an energy source to increase muscle can serve
as a protective and preventive measure to safeguard health
during this pandemic. VAT generates more fatty acids,
angiotensinogen, and interleukin-6 that can act as a
proinflammatory cytokine, than subcutaneous adipose tissue
(SAT) 1”81, Glucose and fatty acids metabolism provide the
energy both for the basal metabolic processes that sustain
life during rest, and the increased demand for energy during
exercise where myokines like Insulin Growth Factor-1
(IGF-1), Fibroblast Growth Factor2 (FGF2), interleukins-6
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(IL-6) and IL-7 are involved in muscle hypertrophy % 89,
Experiments where artificially elevated free fatty acids were
added during sustained physical activity found that the
metabolic process initially used carbohydrates in the first 15
minutes, decreasing glycogen by 50%, and increasing fat
oxidation by 15% after 30 minutes ®! 82, Fat metabolism
reflects a complex process that commences with the release
of free fatty acids (FFA) from the adipose tissue, which are
transferred across the membranes of muscle cells, where
they bind with protein receptors in the cytoplasm, with the
mitochondria being the final destination, where the
oxidation process, i.e. burning fat via oxygen takes place;
this results in the release of electrons, which in turn push
protons to mobilize the energy production process by
spinning the ATPace synthase anabolic enzyme clockwise,
to add a phosphate to Adenosine Diphosphate (ADP), via
the transmembrane proton gradient to compose Adenosine
Triphosphate molecules of energy [83: 84 85, 86,87, 88

Growth Hormone (GH) appears to be instrumental in
reducing visceral fat on the basis of a 12 month computed
tomography (CT) clinical trials that administered
recombinant human GH to 40 postmenopausal women,
demonstrating reduced visceral fat tissue upon completion
189, Relatively to SAT, VAT secretes less anorexic hormone
leptin. Although a clinical trial in Europe demonstrated a
high correlation between leptin and VAT %1, other studies
with Asian men and African American women indicated
that leptin is associated with overall fat rather than VAT
specifically. VAT appears to be a reliable predictor of
insulin sensitivity, elevated levels of triglycerides and
inhibited high density lipoproteins (HDL) P *2. VAT is
also associated with triiodothyronine (T3) and the identifier
of atherosclerosis pulse wave velocity (PWV) 3,

Weight management solutions including lasers and RF
primarily address subcutaneous fat reduction with no
evidence of increased fitness; additionally, there are several
reports of eventual escalated inflammation following some
of these procedures [P+ % 9. 97 98, 91 Ppre_existing
inflammation can potentially exacerbate the deleterious
immune response termed “cytokine storm” that is detected
in Covid-19 severe cases; therefore, inflammation inducing
procedures may be counterproductive and conceivably
dangerous. Physical fitness has been deemed a health
enhancing solution by a number of research projects 1% 101
102, 103, 104, 105, 106, 107. 108] 'y the other hand there is evidence
that exercise may induce asthma that usually exacerbates
Covid-19 symptomatology, or provoke an inverse
cortisol/testosterone relationship, while supressing the
anorexic hormone leptin, thus increasing food consumption
[109, 110, 111, 112, 113, 1141 Recent studies report an advantage
with an exercise alternative method invented in London
University that results in hormonal balance, and enhanced
wellbeing as measured by statistically significant decreases
of visceral fat, inflammation, CRP, BMI and Triglycerides,
juxtaposed by optimal increases of skeletal muscle mass,
Free T3, IGF-1 and HDL [!15 116, 117, 118,119,220, 221, 222, 223, 224,
2251 'We combined some of the data presented in these
studies and analysed the results with ANOVA for repeated
measures.

Data results analysis

The visceral fat increase and skeletal mass decrease of 29
patients, 20 females and 9 males with an average BMI of
29.9 are shown on Table 1. Table 2 reflects the results of the
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same patients indicating a statistically significant increase in
the anorexic hormone leptin contrasted by an optimal
decrease in the orexigenic hormone ghrelin. Table 3 depicts
leptin ranges in relation to body mass index. Table 4 shows
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the inflammation reduction as measured by CRP and the
cortisol decrease of 10 females with an average BMI of
32.91 and at least one medical condition.

Table 1: Results of 29 Subjects on BMI, Visceral Adipose Tissue and Skeletal Muscle Mass

. . Visceral [Skeletal Muscle Skeletal Muscley SMM
Gender/Age| Medical History BMIBMIl BMI |Visceral Fay Visceral Fat % | Mass (SMM) | Mass (SMM) %
Pre |PostDecrease| Pre Fat Post

Decrease Pre Post Increase

F/ 48 Diabetes Hyperphagia | 31.2 [29.3] 6.1% 142.65 11942 | -16.28% 12.74 14.66 +15.07%)

F/ 54 Diabetes Hyperphagia | 30.4 |28.6] 5.9% 138.54 11230 | -18.94% 11.45 12.95 +13.10%)

F/ 56 Prediabetes 316 [29.9] 5.37% | 14423 | 12112 | -23.11% 12.66 1476 |+6.58%
Hyperphagia

F/ 47 Hyperphagia 28.7 126.7] 6.9% 123.55 96.48 -21.91% 16.86 19.45 +15.36%)
Prediabetes

F/ 52 Hypertension 26.8 |24.9| 7.1% 104.38 89.23 -14.51% 11.99 14.27 +19.01%)
Hyperphagia

F/ 49 Hyperphagia 27.1 124.6] 9.2% 108.93 87.44 -19.73% 12.67 16.59 +30.93%)
Prediabetes

F/ 58 Hypertension 29.5 |25.9| 12.2% 119.67 98.66 -17.55% 11.32 12.60 +11.30%)
Hyperphagia

F/ 50 Hyperphagia 273 125.3] 7.3% 117.80 95.64 -18.81% 11.04 13.96 +26.45%)

F/ 55 Prediabetes 27.1 |24.8] 85% | 98.77 81.32 | -17.66% 1230 1394 [+13.33%
Hyperphagia

F/ 49 Hyperphagia 29.5 126.3| 11.5% 121.63 105.24 | -13.47% 12.15 13.93 +14.65%)

M/39 Hyperphagia 33.8 [29.4] 14.9% 139.30 93.80 -32.66% 36.40 43.80 +20.3%

M/ 40 Hyperphagia 29.6 |25.7] 13.2% 102.20 69.30 -32.19% 30.30 38.60 +27.39%)

F/39 26.1 [23.2] 11.1% 93.50 58.30 -37.64% 18.40 27.00 +46.79%)

F /41 25.9 [22.7] 12.4% 85.50 61.40 -28.30% 17.00 26.80 +57.64%)

M /40 24.8 122.4] 9.7% 76.40 48.80 -36.12% 37.80 44.80 +18.5%

M/ 42 Hyperphagia 28.6 [24.7] 13.6% 118.60 89.30 -24.70% 29.40 38.30 +30.27%)

F /48 27.33 [23.8] 12.9% 98.80 70.60 -28.54% 17.20 26.80 +55.81%)

F/43 Hyperphagia 29.4 126.2] 10.9% 102.70 77.30 -24.73% 19.80 28.80 +45.45%)

M/39 Hyperphagia 33.2 [30.5] 8.1% 145.30 104.34 | -28.18% 29.80 37.22 +25.89%)

F/42 28.9 [24.7] 14.5% 109.80 74.67 -31.99% 17.95 26.63 +48.35%)

F/42 29.7 125.7] 13.5% 128.97 113.14 | -12.27% 27.65 30.87 +11.64%)

M/ 36 Hyperphagia 33.3 [26.9] 20.1% 131.20 98.53 -24.9% 33.30 39.60 +18.91%)

M/39 Hyperphagia 34.2 [27.3] 20.2% 119.67 96.62 -19.26% 36.40 39.80 +9.34%

M /43 Hyperphagia 32.8 [26.4]| 19.5% 99.56 79.34 -20.22% 27.13 31.95 +17.75%)

M/ 35 29.6 |25.9] 14.2% 121.68 104.29 | -14.29% 17.57 23.32 +32.72%)

F/42 Hyperphagia 35.2 [27.4] 22.2% 129.73 109.28 | -15.76% 20.16 24.53 +21.67%)

F/45 Hyperphagia 33.8 |26.1] 22.8% 109.63 95.85 | -12.56% 16.89 22.85 +35.28%

F/49 Hyperphagia 32.6 [27.8] 14.7% 122.66 87.85 -28.38% 20.73 25.52 +23.11%)

F/38 28.9 |24.5| 15.2% 134.64 112.80 | -16.22% 16.83 23.18 +37.73%)

BMI Decrease | 29.9 [26.1| 12.70% [Mean Average Viscerall 5 440, | \fean Average SMM % Increase [+25.87%4

Fat % Decrease

Table 2: Blood Plasma Results of 29 Subjects with an average BMI of 29.9 on Leptin (Reference Ranges of Leptin Levels According to
Body Mass Index, Gender and Development Stage [Table 3]. Blood Plasma Results on Ghrelin for overweight individuals: 340-450 pg/mL.
Ghrelin normal range for normal weight individuals: 520-700 pg/mL.

Gender Leptin | Leptin | Normal Y% Ghrelin |Ghrelin| Normal %

/ Medical History BMI Pre Post Range Increase Pre post Range |Decrease
Age (ng/mL)|(ng/mL)| (ng/mL) | (ng/mL) | (pg/mL) |(pg/mL)| (pg/mL) | (pg/mL)
F/ 48 Diabetes Hyperphagia 312 | 2145 | 27.44 | 12.2-67.5 | +27.92% 483 414 340-450 | -14.28%
F/ 54 Diabetes Hyperphagia 30.4 14.63 | 18.08 | 10.6-58.3 | +23.58% 488 463 340-450 | -5.13%
F/ 56 | Prediabetes Hyperphagia | 31.6 10.67 | 13.66 | 12.2-67.5 | +28.02% 462 398 340-450 | -13.85%
F/ 47 Hyperphagia 28.7 7.09 11.33 7.9-43.5 | +59.80% 345 376 340-450 | -8.98%
F/ 5y | Prediabetes Hypertension | 5 ¢\ 1534 | 1512 | 59324 |+2253% | 498 453 | 340450 | -9.03%

Hyperphagia
F/ 49 Hyperphagia 27.1 10.65 | 12.39 | 6.8-37.5 | +16.33% 357 313 340-450 | -12.32%
F/s5g | Prediabetes Hypertension | 5o 5| 50 66 | 2145 | 9.1-504 | +3.82% | 387 364 | 340450 | -5.94%
Hyperphagia
F/ 50 Hyperphagia 273 11.65 | 15.43 6.8-37.5 | +3.82% 401 389 340-450 | -2.99%
F/55 | Prediabetes Hyperphagia | 27.1 1524 | 18.56 | 6.8-37.5 | +21.78% 465 432 340-450 | -7.09%
F/ 49 Hyperphagia 29.5 18.54 | 19.82 | 9.1-504 | +6.90% 474 439 340-450 | -7.38%
M /39 Hyperphagia 33.8 7.38 7.84 14.1-78.2 | +6.2% 683 614 340-450 | -10.1%
M /40 Hyperphagia 29.6 6.25 7.03 9.1-50.4 | +12.48% 588 576 340-450 -2%
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F/39 26.1 1243 | 13.22 5.9-32.4 +6.35% 612 584 340-450 -4.5%
F/41 25.9 11.98 | 12.09 5.1-28.0 +0.9% 599 543 520-700 -9.34%
M/ 40 24.8 5.53 5.94 4.4-24.2 +7.41% 602 553 520-700 -8.13%
M/42 Hyperphagia 28.6 6.42 6.97 7.9-43.5 +8.56% 603 576 340-450 -4.47%
F /48 27.33 | 10.87 | 11.84 6.8-37.5 +8.92% 687 612 340-450 -10.9%
F/43 29.4 9.89 10.54 9.1-50.4 +3.53% 623 565 520-700 -9.30%
M/39 Hyperphagia 33.2 5.47 6.01 16.4-90.5 +4.1% 589 532 340-450 -9.71%
F/42 28.9 9.99 10.83 7.9-43.5 +6.4% 634 513 340-450 | -19.08%
M/36 29.7 3.69 3.98 9.1-50.4 +7.86% 687 602 340-450 | -12.37%
M/39 Hyperphagia 333 4.43 4.98 16.4-90.5 | +9.78% 695 634 340-450 -8.77%
M/43 Hyperphagia 34.2 5.62 6.22 19.0-105. | +10.68% 598 552 340-450 -7.69%
M/35 Hyperphagia 32.8 6.15 6.83 14.1-78.2 | +11.05% 629 587 340-450 -6.68%
F/42 29.6 9.16 9.74 9.1-50.4 +6.33% 577 542 340-450 -6.06%
F/45 Hyperphagia 35.2 5.23 6.09 22.-121 | +16.44% 659 613 340-450 -6.99%
F/49 Hyperphagia 33.8 7.22 8.17 16.4-90.5 | +13.15% 644 617 340-450 -4.19%
F/38 Hyperphagia 32.6 12.34 | 1322 | 14.1-78.2 | +7.13% 569 536 340-450 -5.79%
F/37 28.9 11.38 | 13.08 7.9-43.5 | +14.93% 499 461 340-450 -7.62%
Average BMI 299 MeanOAverage Leptin +12.99% MeanoAverage Ghrelin 8.30%
% Increase % Decrease
Table 3. Leptin Ranges by Body Mass Index ng/mL
BMI Range BMI Range
11 0.7 - 3.6 24 4.4 - 24.2
12 0.8 - 4.2 25 5.1 - 28.0
13 0.9 - 4.8 26 5.9 - 324
14 1.0 - 5.6 27 6.8 - 37.5
15 1.2 - 6.5 28 7.9 - 43.5
16 1.4 - 7.5 29 9.1 - 50.4
17 1.6 - 8.7 30 10.6 - 58.3
18 1.8 - 10.0 31 12.2 - 67.5
19 2.1 - 11.6 32 14.1 - 78.2
20 2.4 - 134 33 16.4 - 90.5
21 2.8 - 15.6 34 19.0 - 105.0
22 3.3 - 18.0 35 22.0 - 121.0
23 3.8 - 20.9 36 254 - 141.0

Table 4: Blood Test Results on 10 Female Subjects with an average BMI of 32.9 for C-reactive protein (CRP) and Cortisol CRP: <1.0
mg/dL. Low cardiovascular risk according to AHA/CDC CRP: 1.0-3.0 mg/dL Average cardiovascular risk according to AHA/CDC CRP:
>3.0-10.0 mg/dL High cardiovascular risk according to AHA/CDC

BMI CRP Normal |Cortisol Total,| Cortisol Total, | Normal
Gender |Age Medical History PRE Pre CRP Post mg/dL Range |Serum pg/dL,| Serum pg/dL, | Range
mg/dL| mg/dL PRE Post pg/dL
Female | 56 Diabetes Fatty Liver 32.6] 1.56 1.02 <1.00 18.44 15.66 3.09-25.0
Female | 52 Prediabetes Fatty Liver 36.5] 1.09 1.06 <1.00 21.89 20.12 3.09-25.0
Female | 49 | Hypertension Hypothyroidism |28.6| 2.31 1.15 <1.00 24.98 18.47 3.09-25.0
Female | 63 Hypertension Fatty Liver |34.9| 1.93 1.06 <1.00 23.43 21.98 3.09-25.0
Female | 51 | Prediabetes Hypertension 5, 51 45 1.22 <100 18.46 1534 [3.00-25.0
Hypothyroidism
Female | 55 | ~ Prediabetes Fatty Liver 155 ) ¢4 1.01 <100 19.33 1475 [3.09-25.0
Hypothyroidism
Female | 48 | rediabetes Faity Liver 15, o) o 0.86 <1.00 9.67 823 [3.0925.0
Hypothyroidism
Female | 61 Hypertension Fatty Liver  |32.7| 1.08 0.74 <1.00 14.76 10.65 3.09-25.0
Female | 46 Heart Disease 29.5| 1.84 0.98 <1.00 17.22 13.95and  |3.09-25.0
Female | 58| ~ Prediabetes Fatty Liver 33 ¢) 5 1.03 <1.00 21.28 1724 [3.0925.0
Hypothyroidism
- 1 0,
Mean Average CRP % Decrease 36.87[Mean Average Cortisol % -17.47% pg/dL
mg/dL Decrease
Table 5 reflects the results of 30 subjects, 22 females and 8 Triglycerides. Thirteen out of these subjects were diabetics

males with an average BMI of 32.96 on HDL and and thirteen were prediabetics.
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Table 5: Blood Test Results on 30 subjects. High-Density Lipoprotein (HDL) Normal Range: Men > 60 mg/dL; Women > 60 mg/dL High-
Density Lipoprotein (HDL) At Risk: Men: <40 mg/dL; Women < 50 mg/dL

. . . . Trigly cerides
. . HDL Pre | HDL Post| HDL Normal | Trigly cerides| Trigly cerides
(Gender/ Age BMI Medical History mg/dL. | mg/dL |Range mg/dL Prgeymg/dL Port mg/dL N"rx;(ﬁa“ge
F/56 32.6 Diabetes Fatty Liver 53 61 >60 144 137 <150
F/52 36.5 Prediabetes Fatty Liver 39 57 >60 169 146 <150
F/49 28.6 |Hypertension Hypothyroidism 61 79 >60 129 114 <150
F/63 34.9| Hypertension Fatty Liver 46 64 >60 163 152 <150
F/s1  |342| Prediabetes Hypertension 41 55 >60 159 150 <150
Hypothyroidism
F/55  [35.4| Prediabetes Fatty Liver 43 51 >60 173 159 <150
Hypothyroidism
Fi4g  |309| FPrediabetes Faity Liver 63 76 >60 153 139 <150
Hypothyroidism
F/61 32.7| Hypertension Fatty Liver 52 71 >60 175 148 <150
F/46 29.5 Heart Disease 59 68 >60 136 129 <150
F/58 |33.8| Frediabetes Faity Liver 38 52 >60 182 157 <150
Hypothyroidism
F/45 34.4 Diabetes 32 39 >60 203 158 <150
M/69 28.5 Diabetes 35 47 >60 215 128 <150
M/46 353 Diabetes 28 37 >60 230 153 <150
F/50 38 Diabetes 49.6 53 >60 86.7 84.3 <150
F/49 40.5 Diabetes 34.5 38 >60 103 88 <150
F/46 36.2 Diabetes 32 39 >60 287 176 <150
M/48 38.5 Diabetes 29 41 >60 266 147 <150
F/44 38.2 Diabetes 30 35 >60 283 189 <150
F/43 27.7 Prediabetes 36 42 >60 294 197 <150
F/27 35.4 Prediabetes 36 48 >60 192 126 <150
F/63 30.7 Prediabetes 45 47 >60 155 117 <150
F/24 33.9 Prediabetes 45 52 >60 88 86 <150
F/30 32.0 Prediabetes 37 46 >60 156 124 <150
F/45 30.1 Diabetes 33 40 >60 225 179 <150
F/47 25.1 Diabetes 31 41 >60 237 188 <150
M/45 29.4 Diabetes 41 45 >60 112 105 <150
M/82 34.5 Diabetes 26 38 >60 97 94 <150
M/15 31.8 Prediabetes 36 42 >60 187 132 <150
M/58 28.9 Prediabetes 43.1 46.8 >60 141 136 <150
M/46 30.6 Prediabetes 52.3 56 >60 262 158 <150
BMI 32.96] 40.88 50.22 22.84% 180.09 139.25 40.84% Decrease
Average Increas

Table 6 reflects the results of 20 subjects, 15 females and 5 males on Free T3 and IGF-1.

Table 6: Blood Test Results on 20 Subject IGF-1 and Free T3 for each subject.

Normal Free T3 | Free T3 | Normal %

Gender/Age Medical History zlglf;lloll/)llj I(%lf-n}O]P;(I)Js)t Range Illf%;t:i Pre Post Range |Increase
(nmol/L) (mmol/L) | (nmol/L) |(nmol/L) |(nmol/L)

M/32 None known 25.97 30.35 15.08-32.5 |+16.86%| 2.98 4.22 2.63-5.7 | +41%
M/35 None known 23.98 31.12 15.08-32.5 [+29.77%| 3.69 4.98 2.63-5.7 |+34.95%
F/36 None known 16.33 20.75 11.25-28.8 |+27.06%| 4.77 5.37 2.63-5.7 | +12.5%
F/35 None known 15.14 19.21 11.25-28.8 [+26.88%| 4.56 5.31 2.63-5.7 |+16.44%
M/37 None known 22.27 28.11 15.08-32.5 |+26.22%| 4.15 5.47 2.63-5.7 |+31.80%
M/39 None known 26.98 30.52 15.08-32.5 [+11.80%| 3.29 4.86 2.63-5.7 | +47.7%
F/39 None known 15.86 21.08 11.25-28.8 [+32.91%| 4.36 5.64 2.63-5.7 [+29.35%
F/32 None known 18.55 23.50 11.25-28.8 [+26.68%| 3.66 4.79 2.63-5.7 |+30.87%
M/36 None known 24.56 31.34 15.08-32.5 [+27.60%| 3.19 4.12 2.63-5.7 [+29.15%
F/33 None known 19.34 25.66 11.25-28.8 [+32.67%| 4.09 5.12 2.63-5.7 [+25.18%
F/ 48 Diabetes Hyperphagia 12.23 14.17 11.25-28.8 [+14.86%| 2.19 2.88 2.63-5.7 [+31.50%
F/ 54 Diabetes Hyperphagia 11.65 12.33 11.25-28.8 | +5.83% | 2.34 2.76 2.63-5.7 |+34.95%
F/ 56 Prediabetes Hyperphagia | 11.17 12.79 11.25-28.8 [+14.50%| 1.98 2.64 2.63-5.7 [+33.33%
F/ 47 Hyperphagia 13.94 17.21 11.25-28.8 [+23.45%| 2.67 2.93 2.63-5.7 | +9.73%
F/52 Prediabetes Hypertension | 15 55 | 1435 | 1125.288 | +7.65% | 232 2.89 | 2.63-5.7 |+21.98%

Hyperphagia

F/ 49 Hyperphagia 12.18 14.72 11.25-28.8 |+20.85%| 2.89 3.05 2.63-5.7 | +5.53%

F/58 Prediabetes Hypertension | 1 | 11 99 | 1125288 |+17.43%| 2.29 278 | 2.63-5.7 [+21.39%
Hyperphagia
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F/ 50 Hyperphagia 1287 | 1436 | 11.25-28.8 |+11.57%] 2.68 3.29 2.63-5.7 | +22.76%
F/ 55 Prediabetes 1143 | 1285 | 11.25-28.8 |+12.42%]| 2.16 2.59 2.63-5.7 |+19.91%
Hyperphagia
F/ 49 Hyperphagia 13.82 | 1526 | 11.2528.8 |+10.41%] 2.86 311 2.63-5.7 | +8.74%
Total Free
1697 | 2075 | ORIIGE-L1 o0 8106 233 4.06 T3% | +27%
% Increase
Increase

Table 7 shows the significance values for all variables after
the data was analysed with ANOVA for repeated measures.
Results yielded highly statistically significant results.
Visceral fat decrease was accompanied with increased
skeletal muscle mass. IGF-1, Free T3 and Leptin increased
within the normal range, while cortisol and ghrelin
decreased but without descending into abnormality. These
results demonstrated a centralized tendency towards

hormonal balance and optimal appetite regulation resulting
by a healthy proportional interaction between the anorexic
hormone.

leptin, juxtaposed by the relatively suppressed
concentrations of the orexigenic hormone ghrelin, combined
with reduced. Cortisol that is known to provoke stress-
eating behaviours. Elevated HDL was accompanied by
diminished triglycerides.

Table 7: Analysis of Variance Statistical Significance Results on all variable Abbreviations: BT: Between Treatments / WT: Within
Treatments / E: Error

SS df MS F-Ratio Value| p-Value | Significance Level
. .. | BT:200125.5873 | BT:3 | BT: 66708.5291
Visceral Fat a‘;‘;iiilteslBl\f\l/}‘ISCIe Mass with) '\1.93548 7737 |WT:112| WT:210.2569 | F=390.074 [<0.00001]  P<0.00001
E:14365.2314 |Error:84| E:171.0147
BT: 7973224.9161| BT:3 |BT:2657741.6387 F=779 92202
Leptin & Ghrelin with respect to BMI  |WT526895.232 E:| WT:112| WT: 4704.4217 ’ <0.00001 P<0.00001
286246.947 E:84 E: 3407.7017
BT: 2611.4641 BT:3 BT: 870.488
CRP & Cortisol with respect to BMI WT: 334.1695 | WT:36 WT:9.2825  |F=148.02771}<0.00001 P<0.00001
E: 158.7755 E:27 E: 5.8806
BT: 418381.4549 | BT:3 | BT: 139460.485
HDL & Triglycerides with respect to BMI | WT: 137444.281 | WT:116| WT:1184.8645 |F=136.96899<0.00001 P<0.00001
E: 88582.5476 E:87 E: 1184.8645
BT: 4489.9666 | BT:3 BT: 1496.6555
IGF-1 & Free T3 WT: 1570.9796 | WT:76 | WT:20.6708 |F=130.72807<0.00001 P<0.00001
E: 652.5712 E:57 E: 11.4486

Discussion

The immune collapse during the cytokine storm following
Covid-19 invasion that has infected over forty-three million
individuals worldwide, resulting in over a million deaths,
brings to mind the unpredictable defeat of the giant during
the David and Goliath battle.

The virus enters the system via ACE2 receptors which
catalyze Angiotensin II (Ang II). Excess Ang II increases
blood pressure that is deleterious to diseases such as
hypertension, diabetes, and cardiovascular illness, which
represent the pre-existing conditions with elevated Covid-19
mortality rates. On the other hand, Ang II increases
concentrations of ‘A Disintegrin and Metalloprotease 17’
(ADAM17) that can cleave ACE2 from the cellular
membrane, shedding it into body fluids, thus restricting viral
access.

Human tissues’ research has revealed a multitude of ACE2
receptors in adipose tissue, heart, kidneys, thyroid, testes
and small intestines with relatively less ACE2 expression in
the muscle, brain, spleen and blood vessels. Lungs, liver,
adrenal gland, bladder and colon seem to be somewhere in
between. Investigation of B, NK, CE8+ T cells and
Interferons in males, females, young and old, has shown a
greater susceptibility among older individuals evidenced by
a multitude of immune cells in the lungs. Higher ACE2
expression in the testes in addition to other tissues increase
male vulnerability that is marked by the elevated number of
certain immune cells in the lungs, thyroid, adrenals, liver
and colon. In contrast, females present a higher positive

correlation between immune cells and the heart; all other
tissues manifest equivalent levels of immune cells in both
sexes. In other words, there may be a Covid-19 preference
for males and older individuals, but without a safety
guarantee for females that may be equally susceptible in
certain cases.
A literature review of the immune overreaction during the
cytokine storm suggests a possible imbalance between pro-
inflammatory cytokines and their inhibitors, a deficient
innate response due to insufficient production of INF type I,
or a dysregulated transition from the non-specific / innate to
the adaptive immune response that is designed to recognize
and attack the particular threat, represented in this case by
Covid-19. Hence, the frenzied immune overreaction
aimlessly persevering, unable to distinguish self from non-
self that rampages and injures the body.

New pharmaceuticals designed to interfere with viral RNA
replication like Remdesivir that targets the non-structural
protein 12 (nspl2) in collaboration with the non-structural
proteins nsp7 and nsp8, have had modest to moderate
clinical outcomes, providing a weak recommendation for
Remdesivir in the treatment of Covid-19.

Protective techniques including, face coverings, social
distancing and thorough hygiene, as well as prevention via
fitness, health enhancement and weight management are
currently the most reliable methods of limiting the spread of
the pandemic. Visceral adipose tissue (VAT) is strongly
linked to Covid-19 severely ill patients in ICU needing
mechanical ventilation, irrespective of BMI which does not
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distinguish between patients in normal wards and ICU. VAT
has a higher expression of ACE2 receptors that represent the
portals for Covid-19 entry. VAT generates more fatty acids,
angiotensinogen, and the pro-inflammatory interleukin-6
(IL-6). Any method that reduces VAT, utilizing it as an
energy source to increase muscle which features the least
ACE2 receptors, therefore limiting Covid-19 entry, can
serve as a protective and preventive measure in
safeguarding health during this health crisis. Lasers and RF
primarily address subcutaneous fat reduction with no
evidence of increased fitness, and often report escalated
inflammation following some of these procedures. Physical
activity has universally accepted benefits, but also a
downside by provoking an inverse cortisol/testosterone
relationship, while supressing the anorexic hormone leptin,
thus increasing food consumption. Recent research on an
effortless exercise intervention presents statistically
significant VAT and inflammation reduction, juxtaposed by
skeletal muscle mass increase, along with reduced lipids,
cortisol and the orexigenic hormone ghrelin; importantly, it
also clevates Free T3, IGF-1 and the anorexic hormone
leptin within the normal range, offering an optimal
alternative to fast efficient fitness. These clinical trials,
however, are mostly based on small samples, in the absence
of imaging techniques that can substantiate their results,
warranting the need for additional research.

Acknowledgement
The author would like to thank all the patients that supplied
their records for the metanalysis included in this review.

Conflict of Interest

The author declares no conflict of interests. This study was
conducted by independent operators that were not employed
or contracted by the author.

Funding
No funding was received by a third party or institution.

References

1. Bourgonje AR, Abdulle AE, Timens W, Hillebrands
JL, Navis GJ, Gordijn SJ, et al. Angiotensin-converting
enzyme 2 (ACE2), SARS-CoV-2 and the patho
physiology of coronavirus disease 2019 (COVID-19). J
Pathol. 2020; 251(3):228-248. doi: 10.1002 /path.5471.
Epub 2020 Jun 10. PMID: 32418199; PMCID:
PMC7276767.

2. Ferrario CM, Trask AJ, Jessup JA. Advances in
biochemical and functional roles of angiotensin-
converting enzyme 2 and angiotensin-(1-7) in
regulation of cardiovascular function. American Journal
of Physiology-Heart and Circulatory Physiology.
2005; 289(6):H2281-H2290.  https://doi.org/10.1152/
ajpheart.00618.2005

3. Ocaranza MP, Jalil JE. Protective role of the
ACE2/Ang-(1-9) axis in cardiovascular remodeling.
International journal of hypertension, 2012. doi:
10.1155/2012/594361 PMCID: PM(C3270559. PMID:
22315665

4. Xia H, Sriramula S, Chhabra KH, Lazartigues E. Brain
angiotensin-converting enzyme type 2 shedding
contributes to the development of neurogenic
hypertension. Circ Res. 2013; 113:1087-1096. doi: 10.
1161/CIRCRESAHA.113.301811.

10.

11.

12.

13.

14.

15.

16.

17.

www.endocrinologyjournal.net

https://doi.org/10.1161/CIRCRESAHA.113.301811
Heurich A, Hofmann-Winkler H, Gierer S, Liepold T,
Jahn O, P6hlmann S, et al. TMPRSS2 and ADAM17
cleave ACE2 differentially and only proteolysis by
TMPRSS2 augments entry driven by the severe acute
respiratory syndrome coronavirus spike protein. J Virol.
2014; 88(2):1293-307. doi: 10.1128/JVI.02202-13.
Epub 2013 Nov 13. PMID: 24227843; PMCID: PM
C3911672.

Cheng H, Wang Y, Wang GQ. Organ-protective effect
of angiotensin-converting enzyme 2 and its effect on
the prognosis of COVID-19. J Med Virol. 2020;
92(7):726-730. doi: 10.1002/jmv.25785. Epub 2020
Apr 5. PMID: 32221983; PMCID: PMC7317908.
Tikellis C, Bernardi S, Burns WC. Angiotensin
-converting enzyme 2 is a key modulator of the
renin-angiotensin system in cardiovascular and renal
disease. Curr Opin Nephrol Hypertens. 2011; 20:62-68.
https://doi.org/10.1097/MNH.0b013e328341164a

Li MY, Li L, Zhang Y, Wang XS. Expression of the
SARS-CoV-2 cell receptor gene ACE2 in a wide
variety of human tissues. Infectious diseases of poverty.
2020; 9(1):45. https://doi.org/10.1186/540249-020-006
62-x

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al.
Epidemiological and clinical characteristics of 99 cases
of 2019 novel coronavirus pneumonia in Wubhan,
China: a descriptive study. Lancet, 2020; https://doi.
org/10.1016/S0140-6736(20)30211-7.

Karlberg J, Chong D, Lai W. Do men have a higher
case fatality rate of severe acute respiratory syndrome
than women do? Am J Epidemiol. 2004; 159(3):229-31.
https://doi.org/10.1093/aje/kwh056

Wang J, Jiang M, Chen X, Montaner LJ. Cytokine
storm and leukocyte changes in mild versus severe
SARS-CoV-2 infection: Review of 3939 COVID-19
patients in China and emerging pathogenesis and
therapy concepts. J Leukoc Biol. 2020; 108(1):17-41.
doi: 10.1002/JLB.3COVR0520-272R. Epub 2020 Jun
13. PMID: 32534467; PMCID: PMC7323250.

Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin
TR, Katze MG, et al. Into the eye of the cytokine
storm. Microbiology and Molecular Biology Reviews.
2012; 76(1):16-32. DOI: 10.1128/MMBR.05015-11
Brierley MM, Fish EN. IFN-o/f receptor interactions to
biologic outcomes: understanding the circuitry. Journal
of interferon & cytokine research. 2002; 22(8):835-845.
https://doi.org/10.1089/107999002760274845

Nguyen KB, Watford WT, Salomon R, Hofmann SR,
Pien GC, Morinobu A, et al. Critical role for STAT4
activation by type 1 interferons in the interferon-y
response to viral infection. Science. 2002;
297(5589):2063-2066. DOI: 10.1126/science.10 74900
Thomson AW, Lotze MT. The Cytokine Handbook,
Set. Elsevier, 2003; 2. https://doi.org/10.1016/B978-
012689663-3/50013-2

Noh MK, Jung M, Kim SH, Lee SR, Park KH, Kim
DH, et al. Assessment of IL-6, IL-8 and TNF-a levels
in the gingival tissue of patients with
periodontitis. Experimental and therapeutic medicine.
2013; 6(3):847-851. https://doi.org/10.3892/etm. 2013.
1222

Sun L, Louie MC, Vannella KM, Wilke CA, LeVine
AM, Moore BB, et al. New concepts of IL-10-induced


www.endocrinologyjournal.net

International Journal of Endocrinology Sciences

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

lung fibrosis: fibrocyte recruitment and M2 activation
in a CCL2/CCR2 axis. American Journal of
Physiology-Lung Cellular and Molecular Physiology.

2011; 300(3):L341-L353. https://doi.org/10. 1152/
ajplung.00122.2010
Raman D, Sobolik-Delmaire T, Richmond A.

Chemokines in health and disease. Exp. Cell Res. 2011;
317:575-589. https://doi.org/10.1016/j.yexcr.2011.01.0
05

Hamilton JA. Colony-stimulating factors in
inflammation and autoimmunity. Nat. Rev. Immunol.
2008; 8:533-544. https://doi.org/10.1038/nri2356

Kopf M, Bachmann MF, Marsland BJ. Averting
inflammation by targeting the cytokine environment.
Nat. Rev. Drug Discov. 2010; 9:703-718.
https://doi.org/10.1038/nrd2805

Pugin J, Ricou B, Steinberg KP, Suter PM, Martin TR.
Proinflammatory activity in Broncho alveolar lavage
fluids from patients with ARDS, a prominent role for
interleukin-1. American journal of respiratory and
critical care medicine. 1996; 153(6):1850-1856. https://
doi.org/10.1164/ajrccm.153.6.8665045

PubMed: 8665045

Tan C, Huang Y, Shi F. C-reactive protein correlates
with computed tomographic findings and predicts
severe COVID-19 early. ] Med Virol. 2020; 92(7):856-
862. doi:10.1002/jmv.25871

de Wit E, van Doremalen N, Falzarano D. SARS and
MERS: recent insights into emerging corona
viruses. Nat Rev  Microbiol.  2016; 14:523-534.
https://doi.org/10.1038/nrmicro.2016.81  https://www.
nature.com/articles/nrmicro.2016.81.pdf?origin=ppub
Park WY. Cytokine balance in the lungs of patients
with acute respiratory distress syndrome. Am. J. Respir.
Crit. Care Med. 2001; 164:1896-1903. https://doi.org/
10.1164/ajrccm.164.10.2104013 PubMed: 11734443
Yao XH, Li TY, He ZC, Ping YF, Liu HW, Yu SC, et
al. A pathological report of three COVID-19 cases by
minimal invasive autopsies. Zhonghua Bing Li Xue Za
Zhi. 2020; 49(5):411-417. Chinese. doi: 10. 3760/
cma.j.cn112151-20200312-00193. PMID: 32 172546.
Gupta R, Ghosh A, Singh AK, Misra A. Clinical
Considerations for Patients with Diabetes in Times of
COVID-19 Epidemic. Diabetes &  Metabolic
Syndrome: Clinical Research & Reviews. 2020;
14:211-212. https://doi.org/10.1016/j.dsx.2020.03.002
Cameron MJ, Ran L, Xu L, Danesh A, Bermejo-Martin
JF, Cameron CM, et al. Interferon-mediated immuno
pathological events are associated with atypical innate
and adaptive immune responses in patients with severe
acute respiratory syndrome. Journal of virology.
2007; 81(16):8692-8706. DOI: 10.1128/JV1.00527-07

Prompetchara E, Ketloy C, Palaga T. Immune
responses in COVID-19 and potential vaccines:
Lessons learned from SARS and MERS

epidemic. Asian Pac J Allergy Immunol. 2020; 38(1):1-
9. http://apjai-journal.org/wp-content/uploads/ 2020/
03/1.pdf?fbclid=IwAR1kVIFnoc6mobqEy7FDz_93fX
_AaY8ZgE4TUwtjzhh80Vqgs82rgf3QoU

Faure E, Poissy J, Goffard A, Fournier C, Kipnis E,
Titecat M, et al. Distinct immune response in two
MERS-CoV-infected patients: can we go from bench to
bedside? PloS one. 2014; 9(2):88716. https:// doi.
org/10.1371/journal.pone.0088716

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

www.endocrinologyjournal.net

Hamano E, Hijikata M, Itoyama S, Quy T, Phi NC,
Long HT, et al. Polymorphisms of interferon-inducible
genes OAS-1 and MxA associated with SARS in the
Vietnamese population. Biochemical and biophysical
research communications. 2005; 329(4):1234-1239.
https://doi. org/10.1016/j.bbrc.2005.02.101

Tang NLS, Chan PKS, Wong CK, To KF, Wu AKL,
Sung YM, et al. Early enhanced expression of
interferon-inducible protein-10 (CXCL-10) and other
chemokines predicts adverse outcome in severe acute
respiratory syndrome. Clinical chemistry. 2005;
51(12):2333-2340.https://doi.org/10.1373/clinchem.
2005.054460

Shao L, Sperber K. Impaired regulation of HLA-DR
expression in human immunodeficiency virus-infected
monocytes. Clinical and  Diagnostic  Laboratory
Immunology.  2002; 9(4):739-746.  DOI: 10.1128/
CDLI. 9.4.739-746.2002

Kobasa D, Jones SM, Shinya K, Kash JC, Copps J,
Ebihara H, et al. Aberrant innate immune response in
lethal infection of macaques with the 1918 influenza
virus. Nature. 2007; 445(7125):319-323. https://doi.org/
10.1038/nature05495

Wong CK, Tsang CM, Ip WK, Lam CWK. Molecular
mechanisms for the release of chemokines from human
leukemic mast cell line (HMC) -1 cells activated by
SCF and TNF-a: roles of ERK, p38 MAPK, and
NF-«B. Allergy. 2006; 61(3):289-297. https://doi.org/
10.1111/1.1398-9995.2006.00972.x

Subissi L, Posthuma CC, Collet A, Zevenhoven-Dobbe
JC, Gorbalenya AE, Decroly E, et al. One severe acute
respiratory syndrome coronavirus protein complex
integrates processive RNA polymerase and exonuclease
activities. Proc. Natl. Acad. Sci. U.S.A.2014;
111:E3900-E3909. 10.1073/pnas.1323705111
Rochwerg B, Agarwal A, Zeng L, Leo YS, Appiah JA,
Agoritsas T, et al. Remdesivir for severe covid-19: a
clinical practice guideline. Bmj. 2020; 370. https://doi.
org/10.1136/bmj.m2924

Ye W,Yao M,DongY. Remdesivir (GS-5734)
impedes enterovirus replication through viral RNA
synthesis inhibition. Front Microbiol. 2020; 11:1105.
doi:10.3389/fmicb.2020.01105 pmid:32595613
National Institutes of Health. COVID-19 treatment
guidelines. 2020. https:// www.covid19treatment guide
lines.nih.gov/whats-new/.

Gandhi M, Beyrer C, Goosby E. Masks do more than
protect others during COVID-19: Reducing the
inoculum of SARS-CoV-2 to protect the
wearer. Journal of general internal medicine, 2020, 1-4.
https://doi.org/10.1007/s11606-020-06067-8

Watanabe M, Caruso D, Tuccinardi D, Risi R, Zerunian
M, Polici M, et al. Visceral fat shows the strongest
association with the need of intensive care in patients
with COVID-19. Metabolism. 2020; 111:154319. doi:
10.1016/j.metabol.2020.154319. Epub 2020 Jul 23.
PMID: 32712222; PMCID: PMC7377788.

Petersen A, Bressem K, Albrecht J, Thiel HM,
Vahldiek J, Hamm B, et al. The role of visceral
adiposity in the severity of COVID-19: Highlights from
a unicenter cross-sectional pilot study in Germany.
Metabolism. 2020; 110:154317. doi: 10.1016/j.
metabol.2020.154317.  Epub. PMID: 32673651,
PMCID: PMC7358176.


www.endocrinologyjournal.net

International Journal of Endocrinology Sciences

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Tacobellis G, Malavazos AE, Ferreira T. COVID-19
Rise in Younger Adults with Obesity: Visceral
Adiposity Can Predict the Risk. Obesity (Silver
Spring). 2020; 28(10):1795. doi: 10.1002/0by.22951.
Epub. PMID: 32619294; PMCID: PMC7361935.
Wajchenberg BL, Giannella-Neto D, Da Silva MER,
Santos RF. Depot-specific hormonal characteristics of
subcutaneous and visceral adipose tissue and their
relation to the metabolic syndrome. Hormone and
metabolic research. 2002; 34(11/12):616-621. DOI:
10.1055/s-2002-38256

Pedersen BK, Febbraio MA. Muscles, exercise and
obesity: skeletal muscle as a secretory organ. Nature
Reviews Endocrinology. 2012; 8(8):457-465. https://
doi.org/10.1038/nrendo.2012.49

Romijn JA, Coyle EF, Sidossis LS, Zhang XJ, Wolfe
RR. Relationship between fatty acid delivery and fatty
acid oxidation during strenuous exercise. Journal of
Applied Physiology. 1995; 79(6):1939-1945 https://
doi.org/10.1152/jappl.1995.79.6.1939

Smith BK, Bonen A, Holloway GP. A dual mechanism
of action for skeletal muscle FAT/CD36 during
exercise. Exercise and sport sciences reviews.
2012; 40(4):211-217. doi: 10.1097/JES.0b013e31825¢
b263

Franco C, Brandberg J, Lonn L, Andersson B,
Bengtsson BA, Johannsson G, et al. Growth hormone
treatment reduces abdominal visceral fat in
postmenopausal women with abdominal obesity: a 12-
month placebo-controlled trial. The Journal of Clinical
Endocrinology & Metabolism. 2005; 90(3):1466-1474.
https://doi.org/10.1210/jc.2004-1657

Franco W, Kothare A, Goldberg DJ. Controlled
volumetric heating of subcutaneous adipose tissue using
a novel radiofrequency technology. Lasers in Surgery
and Medicine: The Official Journal of the American
Society for Laser Medicine and  Surgery.
2009; 41(10):745-750. https://doi.org/10.1002/Ism. 208
76

Sofra X. The Importance of Systemic Balance in
Safeguarding Health: A Randomized Double-Blind
Clinical Trial on VLDL, Triglycerides, Free T3, Leptin,
Ghrelin, Cortisol and Visceral Adipose Tissue. Health,
2020, 12(8). DOI: https://doi.org/10.4236/health2020.
128078

Sofra X, Badami S. Adverse Effects of Sedentary
Lifestyles: Inflammation, and High-Glucose Induced
Oxidative Stress-A Double Blind Randomized Clinical
Trial on Diabetic and Prediabetic Patients. Health.
2020; 12(08):1029. Article ID:102260, 20 pages DOI:
https://doi.org/10.4236/health.2020.128076

Sofra X, Badami S. A Review of COVIDI19 associated
factors: CRP, Creatinine, Bilirubin, VLDL, HDL,
Triglycerides, Cortisol, and Thyroid Function.J Endo
Metabol Res. 2020; 1(2):1-17. https:// maplespub. com/
article/A-Review-of-COVID19-associated-factors-
CRP-Creatinine-Bilirubin-VLDL-HDL-Triglycerides-
Cortisol-and-Thyroid-Function.

www.endocrinologyjournal.net


www.endocrinologyjournal.net

