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Abstract

Purpose of Review The COVID-19 pandemic has been associated with significant morbidity and mortality worldwide. In
addition to those with advanced age and co-morbidities such as heart disease or cancer, obese individuals have also had very
high rates of hospitalization, critical illness, need for ventilator support, as well as mortality. A number of factors associated
with obesity have led to devastating consequences as these two pandemics have interacted.

Recent Findings Obese individuals through a combination of structural and cellular level changes have greater risk of
ischemic heart disease, diabetes, cancer, and respiratory disease, which are themselves risk-factors for acquiring COVID-19
disease. These structural changes also result in increased intra-abdominal and intra-thoracic pressure as well as a restrictive
lung physiology that leads to reduction in total lung capacity, functional residual capacity, and increase in airway hyper-
reactivity. Adipose tissue is also impacted in obese individuals leading to local as well as systemic inflammation, which can
contribute to increased release of free fatty acids and systemic insulin resistance. Additionally, angiotensin-converting enzyme
2 and dipeptidyl peptidase 4, which act as receptors for SARS-CoV-2 are also significantly increased in obese individuals.

Summary The present manuscript reviews these structural, immune, and molecular changes associated with obesity that make
obese individuals more vulnerable to acquiring severe COVID-19 and more challenging to manage associated complications.
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Introduction

At the end of 2019, a novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus causing respira-
tory disease (COVID-19) was detected in Wuhan, China
[1ee]. In the following months, cases were detected world-
wide, leading the World Health Organization (WHO) to
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declare a pandemic. The medical community gained bet-
ter understanding of risk factors for severe disease, which
often led to hospitalization, use of critical care services, and
death. Early reports from the Chinese Center for Disease
Control and Prevention reported a 2.3% case fatality. In the
initial reports, older age, a history of cardiovascular disease,
diabetes, chronic respiratory disease, hypertension, and can-
cer were deemed risk factors for severe disease [1e¢]. Body
mass index (BMI) and its correlation with disease severity or
mortality was not initially described, but this soon changed
when data emerged from other countries.

Among 20,133 patients hospitalized with SARS-CoV-2
infection across 208 hospitals in the United Kingdom, obe-
sity was identified in 10.5% [2]. Worse, obesity was a strong
predictor of mortality (HR 1.33; 95% confidence interval
(CI): 1.19 to 1.49) after adjusting for other comorbidities.
Between March 1 and April 8, 2020, 5279 patients at NYU
Langone Health tested positive for SARS-CoV-2 [3]. Of
these, 2741 (51.9%) required hospitalization, 990 (36.1%)
developed critical illness requiring intensive care unit (ICU)
services, and 665 (24.3%) died. In multi-variate analysis,
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obesity (especially a BMI> 40 kg/m?) emerged as a risk fac-
tor for both hospital admission (OR 2.5; 95% CI:1.8 to 3.4)
and critical illness requiring ICU services (OR 1.5; 1.0 to
2.2). In another report from New York City, among 3615
individuals who tested positive for SARS-CoV-2, 775 (21%)
had a BMI of 30-34 kg/m? and 595 (16%) had a BMI of
35 kg/m? or higher [4]. Among patients under 60 years old,
those with a BMI of 30-34 kg/m* were 2.0 (1.6-2.6) times
as likely to be admitted to the hospital and 1.8 (1.2-2.7)
times as likely to be admitted to the ICU, as compared to
those with normal range BMI. In a cohort from Mexico of
51,633 SARS-CoV-2 positive cases and 5332 related deaths
(10.3%), the obese, as compared to non-obese, had a higher
rate of mortality (13.5% versus 9.4%), critical illness (5.0%
versus 3.3%), and ventilator support (5.2% versus 3.3%) [5].
Data from France found a higher rate of obesity in those
SARS-CoV-2 patients who were critically ill and required
mechanical ventilation (Odds ratio of 7.36 [1.63-33.14]
comparing BMI >35 vs. <25) [6e].

These data highlight the devastating impact of one pan-
demic (obesity) on another (COVID-19). Obese individu-
als may have a compounded risk for acquiring more severe
COVID-19 disease. First, individuals who are obese undergo
gross structural and cellular level changes which puts them
at greater risk for ischemic heart disease, diabetes, cancer,
and respiratory disease, which are themselves risk-factors
for acquiring COVID-19 disease. Second, obesity-specific
structural changes can make caring for obese patients who
acquire COVID-19 disease logistically challenging. Finally,
there may be a link between obesity and SARS-CoV-2 spe-
cific receptors found in adipose tissue, possibly rendering
obese individuals more susceptible to acquiring more severe

Fig. 1 Central versus Peripheral
adiposity. By permission of
Mayo Foundation for Medical
Education and Research. All
rights reserved
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disease. This manuscript reviews the structural, inflamma-
tory, and molecular changes induced by obesity and aims
to propose mechanisms by which obese patients are more
vulnerable to acquiring severe COVID-19 disease and its
associated complications and challenges to care.

Obesity Related Structural Changes

As an individual gains weight, structural changes to the body
occur. In terms of fat deposition, there are two main pat-
terns: central (apple-shaped) with deposition in the thorax,
abdomen, and visceral tissues -or- peripheral (pear-shaped)
with deposition of fat in the hips, thighs, limbs/extremities,
and subcutaneous tissue (Fig. 1). As fat begins to deposit in
the abdominal cavity, intra-abdominal pressure increases.
Sugerman et al. evaluated intra-abdominal pressure in 84
subjects with BMI >35 kg/m?* undergoing bariatric surgery
and compared it to 5 non-obese controls. Obese individuals
had significantly higher intra-abdominal pressure, as com-
pared to non-obese controls (18 +0.7 versus 7+ 1.6 cm H,0,
p<0.001) [7]. In addition, increased abdominal pressure
correlated with abdominal diameter and obesity related co-
morbidities with the highest intra-abdominal pressure being
found in those with 3 or more obesity related co-morbidities.

Central fat deposition alters the mechanical properties of
the chest wall and generates and/or accentuates (pre-exist-
ing) lung disorders [8, 9, 10e]. Lung disorders can be clas-
sified as restrictive or obstructive. The pathophysiology and
differences between restrictive and obstructive lung diseases
is beyond the scope of this review. As an oversimplification,
restrictive disorders prevent the lungs from fully expanding
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because of disease in the chest wall, weak muscles (e.g., dia-
phragm), and/or impaired nervous system function. In con-
trast, obstructive disorders are characterized by narrowing of
airways, which prevents incomplete exhalation. Pulmonary
function testing, which includes spirometry, lung volumes,
and diffusion capacity testing are adjuncts to history and
examination to differentiate between obstructive and restric-
tive lung disease.

Obesity is associated with restrictive physiology. Fat
deposition increases the load respiratory muscles must over-
come to raise the chest wall and prevents it from expand-
ing. Fat deposition in the abdominal cavity increases intra-
abdominal pressure and restricts downward movement of the
diaphragm [10e]. Diaphragmatic motion is impaired, further
impairing chest wall expansion. As a result, lung volume
tests reveal reduced total lung capacity (TLC) and func-
tional residual capacity (FRC) (Fig. 2). In a retrospective
study, Jones et al. found a significant decline in mean pre-
dicted FRC with corresponding increase in BMI (with BMI
20-25 kg/m?: 103.1+15.5, BMI 25-30: 89.2 + 14.1, BMI
30-35: 78.3+13.1, BMI 35-40 72.2 + 12.9, and BMI > 40:
66.6+12.3) [11]. These changes translated to a reduction in
FRC of 3% for each unit increase in BMI from 20 to 30 kg/
m? and 1% decrease for each unit increase of BMI above
30 kg/m>.

Since airway diameter is dependent on lung volume and
obese individuals breathe at lower lung volumes, early
airway closure ensues, which may exacerbate pre-exist-
ing obstructive lung diseases such as asthma or chronic
obstructive pulmonary disease (COPD). Behazin et al.
compared the esophageal and airway pressure in 50 obese

(>35 kg/m?) and 10 non-obese subjects who underwent
surgical intervention [12]. They found airway pressure
was significantly higher in obese individuals and was
above 1.3 cm H,O in most cases, indicating most of the
airways were closed [12]. In obese subjects, both esopha-
geal and gastric pressures were also elevated compared
to non-obese controls. These changes were associated
with impaired respiratory system resistance and compli-
ance in the obese individuals, compared to non-obese
(0.032+0.008 versus 0.053 +0.007, p<0.001). To evalu-
ate the relationship of obesity with airway hyper-respon-
siveness (AHR), participants from the Normative Aging
Study who underwent multiple methacholine challenge
tests were evaluated. Those who tested positive in sub-
sequent methacholine challenge test after initial negative
study were matched to individuals who tested negative
for both tests [13]. After controlling for factors such as
age, smoking status, and pack years of smoking, the study
found obesity was associated with significantly higher
odds ratio (7.5; 95% CI 1.5 to 37.8) of subsequent posi-
tive methacholine challenge. More importantly, those who
had the highest quintile of BMI increase (0.4 to 1.9 kg/
m? higher per year) had the highest odds of developing
AHR compared to those individuals with minimal weight
gain. A meta-analysis that included seven epidemiologic
studies with over 300,000 subjects noted a dose response
effect of increased BMI and asthma [14]. Compared to
normal weight individuals, the odds-ratio of asthma was
significantly increased in both overweight (1.38; 95%
CI 1.17-1.62) and obese (1.92; 95% CI 1.43-2.59) indi-
viduals. These changes contribute to many respiratory
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symptoms observed in obesity, including shortness of
breath, orthopnea, wheezing, and alterations in breathing
patterns [7, 10e, 15].

Obesity Related Inflammation
Adipocyte Inflammation

Obesity also significantly alters adipose tissue with one of
the main changes affecting the immune cells and inflam-
mation Fig 2. With excessive caloric intake, adipose tis-
sue can expand through hypertrophy (increased adipocyte
size), hyperplasia (increased adipocyte number), or both
[16]. In animal models, it seems that after initial adipo-
cyte hypertrophy reaching the upper volume limit of adi-
pocytes, de novo adipogenesis is initiated allowing for
further increase in energy storage [17]. However in adult
humans, studies have noted that adipocyte number and
turnover remains relatively stable, indicating that adipo-
cyte hypertrophy may be the main mechanism of increase
in energy storage [16, 18].

This growth through hypertrophy can unfortunately have
significant metabolic and inflammatory consequences.
Hypertrophic adipocytes show necrotic-like abnormalities
impeding function, inducing inflammation, and even increas-
ing cell death [19]. Hypertrophic adipocytes are associated
with increased expression and secretion of pro-inflammatory
cytokines, leading to recruitment of various immune cells,
including macrophages [20]. Additionally, hypertrophic adi-
pose tissue tends to be hypoxic due to relative deficiency of
vasculature, leading to further activation of inflammation
and fibrosis [21].

This increase in inflammatory cells in adipose tissue such
as the M1 macrophage leads to further increase in produc-
tion of cytokines such as interleukin-6 (IL-6) and tumor
necrosis factor — alpha (TNF-a), contributing to both local
and systemic inflammation associated with obesity [22]. In
adipose tissue, these pro-inflammatory cytokines induce
insulin resistance and stimulate lipolysis, which tends to
be already increased in hypertrophic adipocytes, leading
to increased release of free fatty acids (FFAs) [23]. As an
example, high levels of TNF-a interfere with insulin signal-
ing through inhibition of phosphorylation of insulin receptor
substrate 1 and 2 [24]. Adipocyte insulin resistance is further
worsened by anatomical changes such as disrupted cortical
actin structures and impaired insulin-dependent GLUT-4
trafficking to the plasma membrane, contributing to further
release of FFA [16]. In this state of overnutrition, the excess
FFA are taken up by tissues such as the liver and muscle,
leading to lipid accumulation, lipotoxicity, and insulin resist-
ance in those tissues [23].

@ Springer

Systemic Inflammation

Unfortunately, the pro-inflammatory state associated with
obesity is not just localized to adipose tissue and results
in systemic inflammation as well [25]. The inflammatory
cytokines released by adipose tissue begin to activate inflam-
matory cells such as M1 macrophages and pro-inflammatory
T helper type 1 cells systemically [26]. Additionally, excess
intake of nutrients, especially saturated free fatty acids
can also lead to stimulation of toll-like receptors (TLR)
expression in dendritic cells and macrophages [26]. TLR
are pattern-recognition receptors that detect the presence of
pathogenic microbial infection and play a crucial role in the
first line of host-defense. Typically, TLR bind to lipopoly-
saccharides of cell membranes, but can also be activated in
response to circulating saturated fatty acids such as palmi-
tate (C16:0) and stearate (C18:0). This activation can then
lead to central leptin and insulin resistance as well as sys-
temic inflammation. Recent study demonstrated that central
administration of saturated fatty acids resulted in activation
of pro-inflammatory gene expression in a TLR-dependent
manner in the hypothalamus [27].

Immune Response

One of the hallmark manifestation of COVID-19 has been
a “cytokine storm” or uncontrolled over-production of
soluble inflammatory markers leading to acute respira-
tory distress syndrome (ARDS) [28e]. Early reports began
to demonstrate higher levels of cytokines such as IL-1B,
IL-6, IL-12, TNF-a and chemokines (CXCL10, CCL2)
in patients admitted to ICU with COVID-19 compared to
those who were not [28]. It was also noted that a key fea-
ture of COVID-19 especially in critically ill patients was
lymphopenia, which often preceded pulmonary symptoms
[29]. T lymphocytes including both CD4 and CDS subtypes
were especially reduced and tended to recover over months
[30]. In addition to a decrease in peripheral lymphocytes,
atrophy in secondary lymphoid organs (lymph nodes and
spleen) is also noted with immunohistochemical staining
showing decreased numbers of CD4 and CD8 positive and
natural killer (NK) T-cells [30]. In lieu of CD4 and CD8
lymphocytes, the majority of inflammatory cells infiltrating
the lungs are monocytes and macrophages [31].

Under normal innate immune system, macrophages,
monocytes, dendritic cells, and neutrophils express pattern
recognition receptors (PRR) on their membranes, which
detect pathogen-associated molecular patterns (PAMPs)
[30]. This detection triggers a signaling process that leads
to expression of pro-inflammatory cytokine-inducing tran-
scription factors as well as activation of interferon regulatory
factors that help mediate an antiviral response. Another set
of pathogen recognition sensors are present in the cytosol



Current Gastroenterology Reports (2021) 23:26

Page50f9 26

and detect endogenous danger-associated molecular pat-
terns (DAMPs). Binding of DAMPs activates the forma-
tion of inflammasomes, which are multi-protein cytoplas-
mic complexes that leads to activation of pro-inflammatory
cytokines [32]. Under normal conditions, virus-infected cells
are destroyed by NK cells and CDS positive T-cells lead-
ing to apoptosis of the antigen-presenting cells. However,
in situations where there is a defect in the cytolytic activity,
a prolonged and exaggerated interaction between innate and
adaptive immune cells occurs, leads to pro-inflammatory
cytokines being released in an unrestrained manner, result-
ing in a cytokine storm and ultimately ARDS, multi-organ
failure, and death.

Coronaviruses such as SARS-CoV-2 have developed a
number of strategies that allow them to evade the immune
system resulting in a prolonged infection and/or the mala-
daptive immune response seen in COVID-19. One mecha-
nism is the production of vesicles that contain double mem-
branes without PRR, allowing replication without antiviral
immune response and viral clearance [33]. Accessory viral
proteins also bind to double-stranded RNA leading to a
down regulation of antiviral cytokines and a net upregula-
tion of pro-inflammatory cytokines. Rapid viral replication
may also induce pyroptosis, which is a form of programmed
cell death associated with rapid plasma-membrane rupture
and release of pro-inflammatory intracellular contents [34].

This maladaptive immune response may be worsened in
obese individuals. As discussed above, nutrition excess leads
to an activation of macrophages and pro-inflammatory state
with excess circulating pro-inflammatory cytokines. Addi-
tionally, animal models have demonstrated a more intense
reaction to pro-inflammatory cytokines resulting in cytokine
storm and death. Ramos-Muniz et al. inoculated lean and
obese mice with Francisella tularensis, the causative agent
associated with tularemia and known to result in overpro-
duction of inflammatory cytokines [35]. They noted that
inoculation with a dose resulting in 25% and 50% death in
lean mice resulted in 65% and 100% death in obese mice.
Although, bacterial load was not different among the lean
and obese mice, there was significantly higher plasma levels
of cytokines such as IL-6 and TNF-a. In fact, gene expres-
sion of these pro-inflammatory cytokines was upregulated
15- to 65-fold in obese mice compared to lean mice.

In addition to more intense inflammatory reaction, defi-
ciency in activation and function of CD4 and CDS positive
T-lymphocytes has also been demonstrated in obese indi-
viduals in the setting of viral infections such as HIN1 influ-
enza A virus [36, 37]. Interrogation of T-cells noted reduced
number and those remaining cells showing increased differ-
entiation associated with impairment in antiviral functional-
ity and response to antigen presentation [36]. These changes
in immune response also result in delayed clearance and
higher peak viral loads. Maier et al. evaluated influenza-A

virus shedding over three seasons in Managua, Nicaragua
[38]. They noted that in symptomatic obese individuals,
viral shedding was 42% longer than their symptomatic lean
counterparts. In asymptomatic individuals, viral shedding in
obese adults was 104% longer than in lean adults. Despite
the increase viral load, the decreased activation of T cells
also results in reduced long-term antibody titer and subse-
quent immunity in obese individuals. Sheridan et al. reported
that compared to their normal weight counterparts, obese
individuals had lower antibody titer and decreased CD8 T
cell activation 12 months after receiving influenza vaccine
[39]. Another study demonstrated that despite undergoing
vaccination, obese individuals had double the risk (9.8%
versus 5.1%) of developing influenza [40].

Obesity and SARS-CoV-2 Receptors

Coronaviruses such as SARS-CoV-2 are positive stranded
RNA viruses that have a unique structure with surface-
anchored spike protein that facilitates entry into cells. The
spike protein is present as a trimer, with three S1 heads sit-
ting on top of S2 membrane fusion stalk [41]. S1 contains a
receptor binding domain (RBD) that specifically recognizes
the angiotensin-converting enzyme 2 (ACE2) facilitating
entry. ACE2 is present in arterial and venous endothelial
cells in all organs including nasopharynx, oral mucosa, nasal
mucosa, stomach, colon, liver, kidney, and the brain [42].
Additionally, significant expression is noted on lung alveolar
endothelial cells and enterocytes of the small intestine [42].
In addition to ACE2, the RBD also has affinity for multiple
human proteins including dipeptidyl peptidase 4 (DPP4),
which is expressed on the apical surfaces of epithelium of
various organs such as the lung and liver [43]. In fact, SARS-
CoV-2 may be unique in its ability to bind to both ACE2 and
DPP4 compared to previous deadly coronaviruses.

Another unique feature has been binding affinity to these
human proteins with studies revealing conflicting results
based on methods used [41]. This paradox may occur
because the RBD can be either in a standing-up state that
enables it to bind to its receptor or in a lying-down state that
does not bind the host receptors. Compared to SARS-CoV
spike, which tends to be mostly in the standing position, the
SARS-CoV-2 spike protein tends to be mostly in the lying
position. Since the RBD is the most immunogenic region
of the whole spike, this allows SARS-CoV-2 to evade host
immune system and lead to prolonged recovery time [41].
SARS-CoV-2 counters the RBD in a lying position by hav-
ing its spike protein proteolytically activated at its S1/S2
cleavage site by proteases such as human transmembrane
protease serine 2 (TMPRSS?2), furin, elastase, factor X, and
trypsin [44].

@ Springer
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This mechanism of cell binding and subsequent cell entry
by SARS-CoV-2 has tremendous implications for obese indi-
viduals. Adipose tissue expresses ACE2 with higher mRNA
expression in visceral compared to subcutaneous adipose
tissue. More importantly, in animal models with overfeed-
ing and weight gain, within 1 week, ACE2 mRNA expres-
sion, activity, and protein levels were increased in adipose
tissue [45]. This increase in mRNA expression continued
after 4 months of over-feeding. In humans a recent evalu-
ation of 5457 Icelanders from the Age, Gene/Environment
Susceptibility Reykjavic Study noted that ACE2 levels were
significantly increased in overweight and obese individu-
als compared to their lean counterparts [46]. Other studies
evaluating ACE2 levels from human bronchial epithelial
cells have also noted increased levels in overweight or obese
individuals compared to their normal weight counterparts
[47, 48].

Similar to ACE2 levels, DPP4 levels are significantly
increased in obesity and adipose tissue is a significant source
of circulating DPP4. In a study of 196 subjects of varying
BMI and insulin resistance, it was noted that DPP4 expres-
sion positively correlated with BMI with visceral adipose
tissue consistently having higher expression compared to
subcutaneous expression [49]. Net DPP4 release was higher
in obese individuals compared to lean, with insulin-sensitive
obese individuals having significantly lower circulating lev-
els compared to obesity matched insulin resistant subjects.
In addition to these receptors, adipose tissue also expresses
proteases TMPRSS?2 and furin, facilitating both entry as well
as exit of virus particles by priming the spike protein [50].
By having these viral receptors and proteases, it is specu-
lated that adipose tissue can serve as a viral reservoir thus
propagating viral infection along with the strong immune
response that leads to tissue damage and multi-organ failure
[51].

Challenges in Management of the Critically
lll Obese Patient

Physical challenges related to the obese critically ill patients
with COVID-19 disease are similar to that observed pre-
pandemic Fig 2. Greater adipose tissue in obese patients
can lead to difficulties with airway management, proper
positioning (e.g., for bag-mask ventilation), and landmark
identification (e.g., for peripheral or central venous catheter
placement). Frat et al. compared complications of endotra-
cheal intubation in 82 morbidly obese critically ill patients
(mean BMI 42+6 kg/m2) to 124 non-obese patients (mean
BMI 24 +4 kg/m?). Morbidly obese patients, as compared
to non-obese, had more peri-intubation difficulties (15 ver-
sus 6%, p <0.05) and post-extubation stridor (15 versus 3%,
p <0.05) [52]. Since FRC is reduced in obese patients, obese
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patients may develop atelectasis and resultant hypoxemia.
Reduced chest wall compliance poses a unique challenge
in monitoring lung compliance and titration of ventilatory
parameters like positive-end expiratory pressure (PEEP). In
addition, ultrasound strategies to gauge circulating volume
status may not be feasible. Early mobility is a key compo-
nent of good ICU care. Mobilizing the obese patient is labor
intensive and may be associated with complications, includ-
ing greater fall risk.

COVID-19 specific challenges with the obese patients
include issues with prone positioning. SARS-CoV-2 is
known to cause lung injury, often manifesting as acute res-
piratory distress syndrome. Prone positioning is a method
to enhance ventilation-perfusion matching in patients with
ARDS and was adopted early in the pandemic [53, 54]. In
fact, numerous studies reported the benefits of awake prone
positioning in patients with COVID-19 disease [55-57]. Spi-
nal fracture is the only absolute contraindication for prone
positioning [54]. Obesity, including morbid obesity, is not
a contraindication. The PROSEVA trial, which randomized
466 patients with severe ARDS to undergo prone-position-
ing of at least 16 h or maintain in the supine position, found
improved 28- and 90-day mortality in those who underwent
prone positioning [53]. The median BMI in the PROSEVA
trial was 28 kg/m? (interquartile range 21-36). However,
patients in the PROSEVA trial were mechanically ventilated
and sedated. Data on difficulties in moving an awake obese
patient with COVID-19 disease from the supine to prone
positioning are not available, but we speculate that it may
be labor intensive requiring coordinated efforts between a
multidisciplinary ICU team. Turning a patient may lead to
transient hemodynamic instability and hypoxemia. In an
awake obese patient, transient hypoxemia may not be well-
tolerated due to reduced FRC.

Pharmacologic management and nutrition support are
non-physical challenges in the critically ill obese. The phar-
macology of weight-based medications used commonly in
the ICU setting are not well studied in obese patients. Due
to increased extracellular water and fat in obesity, medica-
tion dosing poses a unique challenge. Finally, determining
precise caloric requirements is challenging in obese patients
and weight-based equations may lead to over- or underfeed-
ing. Predictive equations, such as Harris-Benedict, are not
accurate for estimating resting energy expenditure (REE)
and were not validated in severe obesity. Even though indi-
rect calorimetry is the most accurate method for measuring
REE in obese patients, the COVID-19 pandemic has limited
its use out of concern for protecting healthcare workers, lim-
iting personal protective equipment use, and limiting con-
tamination. In mechanically ventilated obese patients with
COVID-19 disease, the optimal timing, dose, composition,
and up-titration rate is not defined. ICU practitioners often
utilize guidance borne out of the critically ill non-COVID-19
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population. The awake prone obese patient poses a unique
challenge. Anecdotal reports suggest many have limited
or no volitional intake. It is unclear if these patients ben-
efit from early nasogastric tube placement and initiation of
enteral nutrition or parenteral nutrition [58].

Conclusions

The interplay of obesity and COVID-19 has had devastating
consequences with increased morbidity and mortality. With
the implementation of widespread vaccination, the world
is eagerly awaiting the resolution of COVID-19 pandemic.
However, the obesity pandemic continues to increase un-
abated especially in the United States, where the prevalence
is expected to rise to 50% in adults by 2030. As obesity
is associated with changes throughout the body including
structural changes as well as those associated with adipose
tissue itself that make the obese individual more susceptible
to developing obesity related co-morbidities and the next
viral pandemic. Additionally, treatment of obese individuals
can be more challenging, contributing to worse outcomes.
With resolution of COVID-19 pandemic, our focus must
remain on combating the obesity pandemic with similar uni-
fied effort and urgency in order to prevent further morbidity
and mortality.
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