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Coronavirus disease -19 (COVID-19) pandemic has extended from late 2019 and continues to this day.
The degree of the disease is related to some factors, including age and comorbidities. Obesity is now more
widely considered as a main factor of infection, mainly because it has been shown that individuals who

Keywords: are obese have a more severe course of infection with COVID-19.

ACE2 This review study summarized the relationship between the risk of obesity and COVID-19 and detected
SARS_'CW'Z a difference in reporting from the period of the first pandemic in China to more recent studies. Obesity is
%’Sf\;lty a risk factor for developing signs and symptoms of patients with COVID-19 and this review will benefit
COVID-19 clinicians by recognizing the role of obesity when giving COVID-19 diagnosis, follow-up, and treatment

programs.
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1. Introduction

The outbreak of the novel coronavirus disease (nCOVID-19) had
begun in the largest city (Wuhan) in China, with more than eleven
million people [1]. The recently discovered coronavirus, which is a
flu-like virus strain, causes this viral infectious disease [2]. In gen-
eral, this kind of virus infects animals more than humans but later
developed the ability to strike human hosts too. Coronavirus was
discovered in the 1930s in chickens. It is a member of a wide
RNA virus family, for example, influenza, hepatitis C, Ebola, and
polio that give rise to illnesses in humans and animals [3,4]. In
humans, several viral diseases that arise because of the COVID-19
infection, which is caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), have attracted much attention
and awareness in all populations of the world [5,6]. Patients

Abbreviations: COVID-19, Coronavirus disease -19; nCOVID-19, novel Coron-
avirus disease -19; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
BMI, Body mass index; WHO, World health organization; ARDS, acute respiratory
disease syndrome; FBG, fasting blood glucose; IRF-5, interferon regulatory factor-5;
HIF-1, hypoxia-inducible factor-1; ACE-2, angiotensin-converting enzyme-2; IL,
interleukin; TNF, tumour necrosis factor; IFN, interferon; CRP, C-reactive protein;
EAT, epicardial adipose tissue.
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infected with COVID-19 have symptoms ranging from no symp-
toms to lethal and severe symptoms like acute respiratory infec-
tions [7,8]. More than 20% of individuals with severe
manifestations need medical care. About 2,781,915 from
6,236,398 pandemic cases were recovered while the remaining
cases unfortunately died by the novel coronavirus [9]. The develop-
ment of SARS-CoV-2 complications is significantly linked to body
mass index (BMI) [10]. At this time, obesity was not yet proven
to be prone to greater nCOVID-19 disease severity, but the highest
severity in respiratory diseases was seen in obese people [11]. The
severity of many diseases is included in the immune system which
is considered the main participant in the development of COVID-
19, diabetes mellitus, organ failure, and geriatrics risks, in addition
to the threat of obesity [6,7]. The immune system response in both
types of innate and adaptive immunity is affected by obesity
through modifications or changes that lead to chronic inflamma-
tion but with low grades [12].

In this direction, the general metabolic dysfunction can cause
adipose tissue inflammation to induce the occurrence of hyperten-
sion, diabetes, dyslipidemia, and heart problems [10]. According to
WHO, obesity concerns BMI >kg/m?. Although there are few stud-
ies on the BMI for those who are infected with COVID-19, obesity
should be evaluated because it may be a major risk for COVID-19

Selection and peer-review under responsibility of the scientific committee of the International Conference on Latest Developments in Materials & Manufacturing


https://doi.org/10.1016/j.matpr.2021.12.132
mailto:alim.omara@student.uokufa
https://doi.org/10.1016/j.matpr.2021.12.132
http://www.sciencedirect.com/science/journal/22147853
http://www.elsevier.com/locate/matpr

Dhafer A.F. Al-Koofee, AAM. Omara, A.B. Abulrazzaq et al.

in terms of hospitalization and survival. Worldwide, the severe
consequences of COVID-19 were seen in obese individuals besides
the increased risk of developing chronic diseases caused by obesity
[13]. A few studies indicated that individuals with a severe form of
COVID-19 disease were noticed significantly in those with higher
BMI values [11,14]. A similar result was obtained from patients
with age <60 years and BMI > 35 that showed more susceptibility
to being hospitalized in non-invasive urgent and intensive care
units than those individuals of the same age but have BMI less than
30 [15,7]. In addition to respiratory tract infections, increased BMI
can also significantly participate in the transmission of nCOVID-19.
Angiotensin-converting enzyme-2 (ACE-2) receptor is used by
coronaviruses; thus, making it easily accessible to the cells for
replication. The reliable analysis suggested that coronaviruses have
a high affinity for the human ACE-2 and special characteristics that
lead to effortless adaption from zoonotic sources to human hosts
and jumping to new hosts [16]. ACE-2 expression is very high in
adipose tissues compared with other organs such as the liver, kid-
ney, and the first affected player in nCOVID-19 (lung tissues); thus,
making adipose tissues more susceptible to nCOVID-19 [17].

2. Mechanisms linking obesity to nCOVID-19

One of the most critical characteristics of the COVID-19 hospi-
talization rate is age. The hospitalization cases for over 45 years
old are around 70% [18,19]. Obesity, which is the most significant
predictive complaint among COVID-19 individuals under the age
of 64 years old, may increase the COVID-19 risk at younger ages
[19]. Obesity increases the risk of a variety of diseases and has
adverse consequences. COVID-19 has a wide clinical scope, and
most people with COVID-19 experience non-specific symptoms
such as myalgia or fatigue (44%), fever (98%), and cough (76%)
[1]. In patients with comorbidities, for example, obesity, hyperten-
sion, and type 2 diabetes mellitus (T2DM), COVID-19 can cause
acute respiratory infections, respiratory failure, septic shock, and
acute respiratory disease syndrome (ARDS) [20,21]. Obesity is
linked to a variety of negative health outcomes, all of which have
different underlying pathogenic pathways as shown in Fig. 1
[22]. For some diseases, such as reflux esophagitis and sleep apnea,
the increased bulk of adipose tissue contributes mechanically and
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directly to the disease. T2DM is one of the most common obesity-
related complications. One of the first metabolic abnormalities
related to obesity is a rise in the concentration of plasma insulin
in both the fasting and postprandial states, which is caused by a
decreased action of insulin, primarily in the skeletal muscle, liver,
as well as adipose tissues [23]. Insulin resistance makes a person
more likely to develop T2DM, which occurs when B-cell compensa-
tion fails. The excess extra fuel that is stored in adipose tissues and
skeletal muscles, appears to be the primary mechanism of insulin
resistance [24].

Another mechanism that plays a major role in insulin resistance
in adipose tissue inflammation is obesity. Obesity is clearly associ-
ated with inflammation; however, human genetics and pharma-
ceutical effects provide less compelling support [25].

2.1. Glucose intolerance in nCOVID-19

One of the common comorbidities of nCOVID-19 is diabetes. It
is linked with a high risk of SARS-CoV-2 pneumonia, mechanical
ventilation, uncontrolled inflammatory, and mortality rate, even
when additional co-morbidities are considered (e.g., gender, age,
hypertension, and cardiovascular disease) [26,27]. Various studies
show hyperglycemia, caused by inadequate glycemic control, has
been identified as a risk of COVID-19 development and poor sur-
vival [28]. In one large study carried out on 7000 individuals with
nCOVID-19 in Wuhan, China, among a group with nCOVID-19 and
T2DM, patients with good glycemic control reported a significant
decrease in overall comorbidities and all-cause mortalities com-
pared to those with poor glycemic control [29]. In other research,
increased levels of blood glucose levels at the initial assessment
were linked to more hospitalization, more in-hospital morbidity,
and mortality [30]. As a result, fasting blood glucose (FBG) levels
at admission are the strongest indicator of SARS-CoV-2 radio-
graphic imaging and an independent risk factor of mortality,
despite the family medical history of diabetes trait [31,32]. The
severity of nCOVID-19 may be linked to increased cellular glucose
metabolism. One study found the accelerated hexosamine biosyn-
thetic pathway, a glucose metabolic route stimulated by viral
infections to express Interferon regulatory factor-5 (IRF5) was O-
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Fig. 1. Mechanisms linking obesity to nCOVID-19.
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GlcNAcylated, which is essential for the formation of the cytokine
cascade during viral diseases [33].

Individuals with influenza showed elevated blood glucose levels
and greater IRF50-GlcNAcylation, both of which were linked to cir-
culating inflammatory cytokines [34].

As a result, effects on glucose metabolism and/or decreasing
insulin resistance may be effective in preventing cytokine storms.
IRF5 and its associated pro-inflammatory cytokines have been
linked to the morbidity and prognosis of influenza-related
community-acquired pneumonia [33]. IRF5, a marker of metabolic
inflammation, was also shown to be significantly higher in the adi-
pose tissue of diabetic obese individuals compared to diabetic lean/
overweight patients [35,36]. Therefore, the reduction of IRF-5 sig-
nal transduction has been considered as a key treatment for
COVID-19 infections [37]. In monocytes, increased glycolysis
aggravated by high glucose levels promoted SARS-CoV-2 multipli-
cation and pro-inflammatory cytokine release [38]. As a result,
monocytes obtained from diabetic patients with obesity infected
with SARS-CoV-2 had a higher viral load than monocytes from
the control group, indicating that hyperglycemic individuals may
be more likely to increase the risk of infection [36]. Moreover,
SARS-CoV-2 infection promoted mitochondrial reactive oxygen
species (ROS) generation, which affects the expression of glycolytic
genes by controlling the activation of hypoxia-inducible factor-1
(HIF-1). As a result, uncontrolled hyperglycemia may promote
the spread of SARS-CoV-2 by enhancing glycolytic flux [38].

2.2. Lipid metabolism defect in nCOVID-19

The excessive lipid deposit in adipose tissue as a result of
increased calorie consumption is one of the causes of obesity.
Lipids play a variety of roles in viral infection. Lipid particles, in
addition to the supply of energy, can also serve as the location
for viral replication, such as the hepatitis type C virus [39].

It is reasonable to believe that lipid accumulation in adipose tis-
sues in obese individuals promotes SARS-CoV-2 replication and
that deposition leads to organ damage during virus infection [36].

Cell membranes consist of microdomain lipids that are rich in
sphingolipids, cholesterol, and proteins. Lipid rafts were shown
to be co-localized with angiotensin-converting enzyme 2 (ACE2),
the SARS-CoV-2 receptor. In Vero E6 cells, it was revealed that lipid
rafts play an important role in the binding of ACE2 with its receptor
[40]. This shows that lipid rafts are crucial for viral penetration.
Furthermore, it has been observed that lipid rafts promote viral
replication [41]. Virus generation is greatly reduced when choles-
terol, one of the key components of lipid rafts, is depleted [42]. This
shows the role of lipid in virus infection and COVID-19 develop-
ment [43].

2.3. Angiotensin-Converting Enzyme 2 (ACE2) in obese patients with
COVID-19

The acute lung injury during infection is believed to be caused
by the renin-angiotensin system because it binds to the
angiotensin-converting enzyme 2 (ACE2) receptor on infected cells
with spike protein of SARS-CoV-2 [44]. Renin-angiotensin system
blockers (ARBS) have been suggested as a possibility for COVID-
19therapy [44] Surprisingly, ACE2 is found in a variety of tissues,
including human adipose tissue. Obese people have more adipose
tissue, which means they have a higher amount of ACE2 expressing
cells. Angiotensin-converting enzyme (ACE) stimulation is critical
in the pathophysiology of obesity and heart disease [45]. As a
result, the connection between the ACE2-RAS system, adipose tis-
sues, and SARS-CoV-2 could reflect, at least to some extent, why
obese individuals have a higher morbidity risk from COVID-19.
Additionally, treatment with antihypertensive drugs, for example,

1608

Materials Today: Proceedings 60 (2022) 1606-1610

ACE inhibitors can also enhance ACE2 expression, making patients
more susceptible to viral host cell invasion and propagation [46].
Therefore, managing void-19 infected people with many co-
morbidities becomes more complicated [47].

2.4. Behaviour of immune system in obese patients with COVID-19

Cytokine storm is the primary cause of death in COVID-19
patients [48]. It is a type of immunological overactivity marked
by elevated levels of interferon-gamma (IFN-vy), interleukin 6 (IL-
6), and many other cytokines, with symptoms and consequences
associated with enhanced activity of the immune system [49].
Inflammatory cytokines are such as tumor necrosis factor gamma
(TNF-v), interleukin 8 (IL-8), interleukin 1 (IL-1), interleukin 18
(IL18), and IL-6. Those highly linked to cytokine storm are similar
to those linked to major ARDS or sepsis, despite some studies con-
cluding that the elevated levels of proinflammatory cytokines in
severe COVID-19 suggest a higher viral burden rather than an
insufficient host response that needs to be corrected [50]. Patients
with obesity, on the other hand, may be exposed to even greater
levels of plasma inflammatory cytokines due to their pro-
inflammatory environment [51]. Obese individuals have dysregu-
lated immunological and other inflammation response reactions
that may exacerbate the cytokine storm, allowing for higher viral
proliferation and longer infections, thus, accelerating the intensity
of COVID-19. Obese people have a lower degree of systemic chronic
inflammation, and their c-reactive protein (CRP), IL-6 and TNF-y
levels are higher, increasing the amount of circulating pro-
inflammatory cytokines [52]. IL-6 was shown to be significantly
elevated in the biochemical tests of obese COVID-19patients, and
CRP was found to be strongly linked with waist-to-hip ratio
(WHR) [53].

Obesity and overweight are also connected to increased com-
plement system activation, which is a primary host mediator of
virus-induced infections and aggravates inflammation [54].

2.5. Other mechanisms

Obese people have a lot of epicardial adipose tissue (EAT),
which can impact cardiac output in COVID-19 patients at an early
stage. Furthermore, EAT is high in adipokines, which are pro-
inflammatory substances that promote inflammatory cytokine
storms [55].

3. Management of obese COVID-19 patients

The drug chloroquine is commonly used to treat malaria.
Chloroquine prevents virus infection by elevating endosomal acid-
ity, disrupting membrane fusion, and interfering with ACE2 recep-
tors [56]. Furthermore, chloroquine has been shown to decrease
SARS-CoV-2 growth in vitro [57]. The optimal dose, at which the
greatest anti-virus actions occur with the fewest negative effects,
is still unknown. The elimination of chloroquine is high in obese
individuals, indicating that a greater dose may be required in these
individuals [58].

Zinc is an essential metal for immune system health [59]. Zinc
deficiency enhances the expression of pro-inflammatory cytokines
such as IL-6 and TNF-y and reduces immune response efficacy [60].
Obese patients were shown to have a severe zinc deficiency
[60,61]. Zinc supplementation may improve insulin resistance
and glucose metabolism in people with prediabetes, as well as
lower serum levels of CRP, TNF-v, and IL-6 [62].

Corticosteroids modulate immunological and inflammatory
responses by suppressing the activity of pro-inflammatory genes
and connecting them with anti-inflammatory proteins; thus, they
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are frequently prescribed for the treatment of viral pneumonia
[63]. Infected patients are more likely to take corticosteroids,
although, for a variety of reasons, their mortality rate remains
higher [64]. The Randomized Evaluation of COVID-19 Therapy
(RECOVERY) experiment found that COVID-19 individuals who
administered dexamethasone 6 mg/day up to 10 days had a
reduced 28-day all-cause mortality than those who received stan-
dard care [21.6%, 24.6%; rate ratio, 83% (95% CI, 0.74-0.92); P less
than 0.001] [63].

4. Vaccinating patients with obesity for COVID-19

For SARS-CoV-2, there will be a need for effective therapy and a
vaccine. Obesity can cause problems for both men and women.
Because of its significant consequences on drug pharmacokinetics
and pharmacodynamics properties, as well as efficacy and safety,
it is usually neglected as a contributing factor to the ineffective
treatment of infectious disorders [65]. Even though obesity is
becoming a global epidemic, the effects of obesity on medication
metabolism and clearance are still unknown and dose recommen-
dations for obese patients are frequently missing from pharmaceu-
tical prescription information sheets. Following the HIN1
pandemic, those with obesity have been observed to have lower
vaccine efficacy [66,67]. While there is no significant difference
in antibody titers between obese and healthy-weight adults one
month after HIN1 vaccination, obese people exhibited a 4-fold or
larger drop in antibody titers at 12 months following vaccination
compared to healthy-weight people [68]. Obesity is linked to T cell
dysfunction, and because of the reduced response, a portion of
obese people are still at risk for influenza after vaccination [69].
Future COVID-19 vaccinations presenting comparable risks would
be a concern. A normal participant in the recently published early
phase trials of vaccines against SARS-CoV-2 was of ideal weight
[70]. Despite the good results of these trials, applying them to pop-
ulations with high obesity rates—40 percent in the United States,
29 percent in England, and 13 percent globally—is fraught with
uncertainty, which will hopefully be addressed in Phase 3 trials
[71].

5. Mortality risk in obese patients with COVID-19

Obesity has also been linked to a higher risk of death in COVID-
19 hospitalized patients [71,72]. Severe obesity was reported to
relate to increased inpatient mortality and generally poor inpatient
consequences in a cohort study in the Bronx, New York [73]. In a
study performed in Milan, Italy, 48 of 233COVID-19 hospitalized
patients who died showed a considerably higher obesity preva-
lence than those who survived (27.1% vs. 13.5%, P = 0.029) [71].
Furthermore, obesity has become more common in those younger
than 50 years of age when compared to other recognized risk fac-
tors (e.g., T2DM, hypertension, and cardiovascular disease), and
this high rate indicated a shift in severe COVID-19 infections, such
as death risk, to younger populations [18]. A retrospective study of
3,406COVID-19 patients admitted in New York indicated that
younger people with a BMI of more than 40 kg/m? had a 5 times
higher risk of death than those with a BMI of less than 25 kg/m?
[74].
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