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ABSTRACT
The coronavirus disease 2019 (COVID-19) pandemic has brought severe challenges to global 
public health. Many studies have shown that obesity plays a vital role in the occurrence and 
development of COVID-19. Obesity exacerbates COVID-19, leading to increased intensive care 
unit hospitalization rate, high demand for invasive mechanical ventilation, and high mortality. 
The mechanisms of interaction between obesity and COVID-19 involve inflammation, immune 
response, changes in pulmonary dynamics, disruptions of receptor ligands, and dysfunction 
of endothelial cells. Therefore, for obese patients with COVID-19, the degree of obesity and 
related comorbidities should be evaluated. Treatment methods such as administration of 
anticoagulants and anti-inflammatory drugs like glucocorticoids and airway management 
should be actively initiated. We should also pay attention to long-term prognosis and vaccine 
immunity and actively address the physical and psychological problems caused by long-
term staying-at-home during the pandemic. The present study summarized the research 
to investigate the role of obesity in the incidence and progression of COVID-19 and the 
psychosocial impact and treatment options for obese patients with COVID-19, to guide the 
understanding and management of the disease.
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INTRODUCTION

At the end of  2019, there was an outbreak 
of  a novel and highly infectious respiratory 
disease, the coronavirus disease 2019 
(COVID-19).[1, 2] The causative organism 
is a virus named as severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2), 
which belongs to the family of  encapsulated 
single-stranded RNA viruses.[1-4] COVID-19 
spread rapidly worldwide and became a 
public health emergency of  international 
concern.[1, 2, 5] On March 11, 2020, the 
World Health Organization (WHO) 
declared COVID-19 as a pandemic.[6] As 
of  November 22, 2020, over 57.8 million 
cases of  COVID-19 was reported globally, 
resulting in the deaths of  more than 1.3 
million people.[5]

The symptoms of  COVID-19 are varied, 
including asymptomatic cases, upper 
respiratory tract pneumonia, and acute 
respiratory distress syndrome (ARDS). The 

spread of  COVID-19 has led to a significant 
health issue in infected patients, especially 
for patients with several comorbidities 
such as obesity, diabetes, hypertension, 
cardiovascular disease, and other underlying 
diseases.[7-9]

Obesity is a common metabolic disorder 
worldwide that affects approximately 0.5 
million people each year.[10] Obesity has been 
found to act as an independent risk factor 
for several diseases.[11, 12] The increasing 
prevalence of  obesity indicates an urgency 
to assess this possible risk factor.

Several studies have reported that 
COVID-19 causes increased morbidity 
and mortality in obese people.[3, 13-16] Obesity 
may contribute to long-term chronic 
inflammation, immune dysfunction, and the 
development of  other comorbidities such 
as cardiovascular diseases and metabolic 
disorders.[9] Therefore, we summarized the 
research on obesity and COVID-19 to clarify 
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the relationship between obesity and COVID-19, treatment 
strategies, social implications, and recommendations for 
COVID-19 patients with obesity.

OBESITY AND MORBIDITY OF 
COVID-19

In the last few decades, obesity has gradually shaped into a 
pandemic. As of  2016, there were about 1.9 billion people 
with a body mass index (BMI) of  25–30 kg/m2, and more than 
650 million people were obese with a BMI of  > 30 kg/m2.[6] 

 The WHO estimated that 39% of  adults aged 18 years and 
older were overweight and 13% of  these adults were obese 
globally.[3, 17] If  the morbidity of  obesity continues, 57.8% 
of  the world’s population will be overweight or obese by 
2030.[18] According to research statistics, the prevalence rate 
of  obesity and abdominal obesity in China is 13.2% and 
44%, respectively, indicating that the number of  patients 
should not be underestimated.[19]

Obesity is an independent risk factor for the onset of  
influenza. Generally, obese people with a BMI of  30–35 
kg/m2 and more than 35 kg/m2 have 1.45 and 2.12 times, 
respectively, the risk of  being hospitalizationed for 
influenza. Similarly, studies have shown that obese people 
have a higher incidence of  COVID-19.[19, 20] In addition, the 
latest update from the WHO shows that countries with a 
high prevalence of  obesity have a higher cumulative number 
of  deaths per million people diagnosed with COVID-19; 
hence, the high prevalence of  obesity worldwide makes 
people with COVID-19 more vulnerable to suffer from 
severe complications.[17, 19]

OBESITY AND SEVERITY OF 
COVID-19

Obesity is correlated with a higher risk for hospitalization, 
intensive care unit (ICU) hospitalization, invasive mechanical 
ventilation (IMV),[3, 9, 12-14, 21-28] and death.[3, 12-14, 21, 22, 24, 29]  
Studies have indicated an increased risk of  adverse diseases 
in patients with COVID-19, especially among those who 
are overweight.[24] However, a few studies have identified 
obesity as a risk factor only for adverse diseases rather than 
for mortality.[15, 25, 28] In addition, some studies have reported 
that more visceral fat could lead to more severe disease.[17, 30]

Chang et al.[9] conducted a systematic review of  the impact 
of  BMI and obesity on COVID-19 and found that patients 
with severe COVID-19 had a higher BMI than those with 
mild or moderate disease. Moreover, increased BMI is 
associated with an increased need for IMV. Hoong et al.[24] 

showed that the prognosis was poorer in obese patients 
with COVID-19 than in nonobese patients, with an odds 

ratio (OR) of  1.51 (95% confidence interval [95% CI] 
1.13–2.21; P = 0.006) for death and an OR of  2.26 (95% 
CI 1.47–3.48, P < 0.001) for severe disease. Pranata et al.[13] 

investigated the dose-response relationship between BMI 
and outcomes of  patients with COVID-19. They suggested 
that an increase in BMI was positively associated with an 
increase in adverse outcomes in patients with COVID-19. 
Poly et al.[29] conducted a subgroup analysis to assess the 
risk of  mortality in obese patients with COVID-19 with 
multiple comorbidities, including diabetes, hypertension, 
and stroke. The pooled relative risk (RR) among the 
patients with stroke and hypertension was 1.80 (95% CI 
0.89–3.64, P < 0.001) and 1.07 (95% CI 0.92–1.25; P = 
0.35), respectively.

Some studies have shown that patients with severe 
COVID-19 had a higher visceral fat area (VFA) value. 
A recent meta-analysis by Foldi et al.[30] included a 
comprehensive analysis of  the relationship between 
computed tomography (CT)-based determination of  
quantitative fat mass distribution and COVID-19. The 
authors found that patients in ICU had higher VFA values 
than those in general wards. Moreover, patients requiring 
IMV had higher VFA values than those who did not require 
IMV. Battisti et al.[31] found that the severity of  COVID-19 
was related to the distribution of  abdominal adipose 
tissue, and they highlighted the potential pathogenic role 
of  visceral fat in severe disease.

Hypertension, diabetes, cardiovascular and respiratory 
diseases are the four most common comorbidities in 
COVID-19 patients, all of  which are closely related to 
obesity and the severity of  COVID-19.[32, 33] A study from 
Mexico showed that obesity combined with diabetes 
and hypertension significantly increased the risk of  
hospitalization and mortality in 10,544 COVID-19 cases.[32]

Several studies have reached the same conclusion that 
obesity is a risk factor for patients with COVID-19 
regardless of  the presence or absence of  comorbidities. 
Therefore, we must investigate why obesity can aggravate 
the disease and lead to a worse prognosis in patients with 
COVID-19. Table 1 shows the meta-analysis of  the impact 
of  obesity on COVID-19 severity and mortality.

MECHANISM OF INTERACTION 
BETWEEN OBESITY AND SARS-COV-2

Inflammatory changes in obese patients with 
COVID-19
Several studies have shown that obesity leads to a low-
level inflammatory state.[10, 34-36] In obese people, because 
of  excess adipose tissue (AT) and an increase in the 
total blood volume, the levels of  many cytokines and 
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Table 1: Meta-analysis to investigate the effects of obesity on the severity and mortality of COVID-19
Author and 
publication 
year

Numbers 
of study

Country Numbers 

of patients

Main results Mortality

Du et al., 
2020[14]

16 China, Mexico 
3; USA 7; 
Italy 2; Kuwait 
1

109,881 1. A linear relationship (Pnonlinearity= 0.242) 
between BMI and the risk of critical 
COVID-19
2. 1.09-fold increased risk (OR 1.09, 
95% CI 1.04–1.14, P < 0.001) of critical 
COVID-19 for each 1 kg/m2 increase in 
BMI and a 1.19-fold increased risk (OR 
1.19, 95% CI 1.08–1.30, P < 0.001) 
of critical COVID-19 for each 2 kg/m2 
increase in BMI

1. BMI ≥ 30 kg/m2 had a 
significantly higher risk of 
COVID-19 mortality (OR 2.68, 
95% CI 1.65–4.37, P < 0.001)
2. The mortality of patients with 
COVID-19 increased by 6% (OR 
1.06, 95% CI 1.02–1.10, P 
= 0.002) and 12% (OR 1.12, 
95% CI 1.04–1.21, P = 0.002) 
for each 1 kg/m2 and 2 kg/m2 
increase in BMI, respectively

Pranata et 
al., 2020[13]

12 China 2; USA 
7; UK, France, 
Milian 1

34,930 1. Obesity was associated with composite 
poor outcome (OR 1.73 [1.40, 2.14], 
P < 0.001; I2 55.6%) and severity (OR 
1.90 [1.45, 2.48], P < 0.001; I2 5.2%) in 
patients with COVID-19
2. 1.052-fold increased risk (OR 1.052 
[1.028, 1.077], P < 0.001) of critical 
COVID-19 for every 5 kg/m2 increase in BMI 
(Pnonlinearity < 0.001)

1.55-fold increased risk (OR 
1.55 [1.16, 2.06], P = 0.003; 
I2 74.4%) of mortality for 
COVID-19 with obese

Chang et 
al., 2020[9]

16 China 10; 
USA 5; France 
1

18,812 1. Higher BMI was found in patients with 
severe disease than in those with mild 
or moderate disease (MD 1.6, 95% CI 
0.8–2.4, P = 0.0002) in China
2. Elevated BMI was associated with IMV 
use (MD 4.1, 95% CI 2.1–6.1, P <0.0001) 
in Western countries
3. There were increased odds ratios of IMV 
use (OR 2.0, 95% CI 1.4–2.9, P <0.0001) 
and hospitalization (OR 1.4, 95% CI 1.3–
1.60, P < 0.0001) in patients with obesity

NA

Raeisi et al., 
2020[22]

54 China 6; USA 
22; UK 5; 
Mexico, Spain, 
Germany 2; 
Italy 8; Bolivia 
1; France 5; 
Singapore 1

501,385 Obesity was a significant risk factor for 
hospitalization (OR 1.75, 95% CI 1.47–
2.09; very low certainty), mechanical 
ventilation (OR 2.24, 95% CI 1.70–2.94; 
low certainty), ICU admission (OR 1.75, 
95% CI 1.38–2.22; low certainty) in 
COVID-19 patients

Obesity was a significant risk 
factor for death (OR 1.23, 95% 
CI 1.06–1.41; low certainty) in 
COVID-19 patients

Poly et al., 
2021[29]

17 USA 10; 
China, France, 
UK, Mexico, 
Multiple 
countries 1; 
Italy 2

543,399 1. Obesity was significantly associated 
with an increased risk of mortality among 
patients with COVID-19 (RRedjust 1.42; 
95% CI 1.24–1.63, P < 0.001) 
2. In subgroup analysis, the pooled risk ratio 
for the patients with stroke, COPD, CKD, 
and diabetes was 1.80 (95% CI 0.89–3.64, 
P = 0.10), 1.57 (95% CI 1.57–1.91, P 
< 0.001), 1.34 (95% CI 1.18–1.52, P < 
0.001), and 1.19 (95% CI 1.07–1.32, P = 
0.001), respectively

NA

Aghili et al., 
2020[12]

55 China 18; 
USA 19; 
France 3; 
Italy 6; UK 4; 
Iran, German, 
Mexico, 
Singapore, 
Israel 1

260,693 1. Obesity (BMI ≥ 30) was associated with 
poor outcome (OR 1.297 [1.178–1.416], P 
< 0.001; I2 0.0%, heterogeneity = 13.69)
2. Obesity did not significantly increase 
the ICU admission (OR 1.189 [0.955–
1.424], I2 0.0%, heterogeneity = 1.92)
3. Obesity (BMI ≥ 30) was associated with 
invasive mechanical ventilation (OR 2.049 
[1.420–2.678], I2 75.3%, heterogeneity 
= 28.34)

Obesity (BMI ≥ 30) increased 
mortality (OR 1.350 [1.241–
1.459], I2 76.6%, heterogeneity 
= 38.44)



Fei et al.: Obesity and COVID-19

210 JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JUL-SEP 2022 / VOL 10 / ISSUE 3

(Continued...)
Author and 
publication 
year

Numbers 
of study

Country Numbers 

of patients

Main results Mortality

Huang et 
al., 2020[23]

33 USA 18; Italy 
6; Mexico 3; 
China, Spain, 
Greece, 
Kuwait, 
Switzerland, 
France 1

45,650 1. Univariate analyses showed significantly 
higher ORs of severe COVID-19 with higher 
BMI: 1.76 (95% CI 1.21, 2.56; P = 0.003) 
for hospitalization, 1.67 (95% CI 1.26, 
2.21; P < 0.001) for ICU admission, 2.19 
(95% CI 1.56, 3.07; P < 0.001) for IMV 
requirement, and giving an overall OR for 
severe COVID-19 of 1.67 (95% CI 1.43, 
1.96; P < 0.001)
2. Multivariate analyses revealed increased 
ORs of severe COVID-19 associated with 
higher BMI: 2.36 (95% CI 1.37, 4.07; P = 
0.002) for hospitalization, 2.32 (95% CI 
1.38, 3.90; P = 0.001) for requiring ICU 
admission, 2.63 (95% CI 1.32, 5.25; P = 
0.006) for IMV support, and 1.49 (95% CI 
1.20, 1.85; P < 0.001) for mortality, giving 
an overall OR for severe COVID-19 of 2.09 
(95% CI 1.67, 2.62; P < 0.001)

1. Univariate analyses showed 
higher ORs of severe COVID-19 
with higher BMI 1.37 (95% CI 
1.06, 1.75; P = 0.014) for death
2. Multivariate analyses revealed 
increased ORs of severe COVID-19 
associated with higher BMI 1.49 
(95% CI 1.20, 1.85; P < 0.001) 
for mortality

Foldi et al., 
2020[30]

24 NA 33,987 Obesity was a significant risk factor for ICU 
admission in a homogenous dataset (OR 
1.21, 95% CI 1.002–1.46; I2 0.0%) as well 
as for IMV (OR 2.05, 95% CI 1.16–3.64; I2 
34.86%) in COVID-19

NA

Hoong et 
al., 2021[24]

20 China, Italy 
3; USA 12; 
German, 
Mexico 1

28,355 1. A pooled OR of 2.02 (1.41–2.89, P < 
0.001) for an unfavorable outcome in obese 
versus nonobese patients when adjusted for 
age, sex, and comorbidities
2. When unadjusted for confounders, the 
OR for unfavorable outcomes was 1.25 
(95% CI 1.07–1.45; P = 0.005). An 
increased adjusted OR was also seen for 
severe illness (OR 2.26, 95% CI 1.47–
3.48; P < 0.001)

An increase adjusted OR was 
seen for death (OR 1.51, 95% CI 
1.13–2.21; P = 0.006)

Cai et al., 
2021[3]

46 China 7; USA 
21; France 5; 
Mexico, UK 3; 
Bolivia 1; 
Spain 2; Italy 
4

625,153 Obese patients had a significantly increased 
risk of infection (OR 2.73, 95% CI 1.53–
4.87; I2 96.8%), hospitalization (OR 1.72, 
95% CI 1.55–1.92; I2 47.4%), clinically 
severe disease (OR 3.81, 95% CI 1.97–7.35; 
I2 57.4%), mechanical ventilation (OR 1.66, 
95% CI 1.42–1.94; I2 41.3%), ICU admission 
(OR 2.25, 95% CI 1.55–3.27; I2 71.5%)

Obese patients had a higher 
mortality (OR 1.61, 95% CI 
1.29–2.01; I2 83.1%)

Helvaci et 
al., 2021[25]

19 USA 8; China, 
Mexico, 
France, Italy 
2; UK, Kuwait, 
Germany 1

47,872 Obesity was associated with a higher risk 
for hospitalization [OR 1.3, 95% CI 1.00–
1.69; I2 52%, P = 0.05], ICU admission 
(OR 1.51, 95% CI 1.16–1.97; I2 72%, P 
= 0.002), and IMV requirement (OR 1.77, 
95% CI 1.34–2.35; I2 0%, P < 0.001)

The increase in risk of death did 
not reach statistical significance 
(OR 1.28, 95% CI 0.76–2.16, P 
= 0.35)

Zhang et 
al.[28]

22 China 5; USA 
9; France, 
UK, Italy 2; 
Singapore, 
German 1

30,141 Obesity is associated with an increased 
likelihood of presenting with more severe 
COVID-19 symptoms (OR 3.03, 95% CI 
1.45–6.28, P = 0.003; 4 studies, n = 
974), developing ARDS (OR 2.89, 95% CI 
1.14–7.34, P = 0.025; 2 studies, n = 96), 
requiring hospitalization (OR 1.68, 95% 
CI 1.14–1.59, P < 0.001; 4 studies, n = 
6611), being admitted to an ICU (OR 1.35, 
95% CI 1.15–1.65, P = 0.001; 9 studies, 
n = 5298), and undergoing IMV (OR 1.76, 
95% CI 1.29–2.40, P < 0.001; 7 studies, 
n = 1558) compared to nonobese patients

Obese patients had similar 
likelihoods of death from 
COVID-19 as nonobese patients 
(OR 0.96, 95% CI 0.74–1.25, P 
= 0.750; 9 studies, n = 20,597)

COVID-19: coronavirus disease 2019; ARDS: acute respiratory distress syndrome; BMI: body mass index; COPD: chronic obstructive pulmonary disease; 
CKD: chronic kidney disease; ICU: intensive care unit; IMV: invasive mechanical ventilation; NA: not available.
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chemokines are significantly increased, which might lead to 
insulin resistance, metabolic disorders, and cardiovascular 
diseases.[34, 35, 37-40] This process increases innate and 
adaptive immune responses and tissue damage.[10] Several 
proinflammatory cytokines are secreted in this process, 
such as tumor necrosis factor-α (TNF-α), interleukin-
1β (IL-β), interleukin-6 (IL-6), monocyte chemotactic 
protein-1 (MCP-1), and adipokines.

In obesity, AT is linked to the pathophysiology of  obesity 
and metabolic dysfunction.[36] 

In particular, AT secretes a variety of  cell-signaling 
cytokines, known as adipokines, which participate in 
local and systemic inflammation.[32] In a normal body, 
macrophages are widely present in tissues and organs 
in a resting state, but they can polarize in infection. The 
polarized macrophages secrete MCP-1, which leads to an 
increase in inflammatory cytokines, including IL-6 and 
TNF-α. The number of  macrophages in AT increases 
significantly, and they are surrounded by adipocytes 
with coronal structures (CLS).[18] The polarity of  
macrophages in AT changes from anti-inflammatory M2 
to proinflammatory M1. This process further causes local 
and systemic chronic inflammation.[32, 38, 40] 

The NLRP3 inflammasome is a multiprotein complex 
found in macrophages, dendritic cells, and other 
nonimmune cells. This complex is associated with 
metabolic and inflammatory conditions.[37] Several studies 
have confirmed that NLRP3 is activated in AT of  obese 
people and is related to metabolic disorders.[41] Further 
activation of  NLRP3 may cause systemic inflammatory 
response and cytokine storm, which subsequently produces 
a chain reaction throughout the body and leads to organ 
injury and multiple organ failure.[35] Cytokine storms are 
also caused by overproduction of  interferons, TNF-a, 
interleukins, and various chemokines in patients with 
COVID-19. The cytokine storms also contribute to severe 
disease.[33] 

Immune response changes in obese patients with 
COVID-19
The immune response also plays an important role in the 
mechanism of  interaction between COVID-19 and obesity. 
Innate and adaptive immune cells in AT can maintain an 
anti-inflammatory environment; however, obesity disrupts 
this situation.[42]

Obesity is characterized by an excess of  white adipose 
tissue (WAT). WAT is composed of  different types of  
fat cells, immune cells, and endothelial cells. Immune 
cells are important for maintaining tissue homeostasis; 
however, apparent changes in their number and function 

are observed in obese patients.[43, 44] Immune cells in WAT 
secrete large amounts of  IL-6 and TNF-a, which act 
as central cytokines to drive the inflammatory response 
associated with comorbidities.[10]

Higher BMI is related to the impaired immune function of  
T or B cells. Moreover, previous studies have shown that in 
some animal models, the influenza-specific CD8+ memory 
T cells were significantly reduced in obese mice.[9, 45] 
Lymphocytopenia and an increased neutrophil–lymphocyte 
ratio after SARS-CoV-2 infection are usually indicative of  
severe disease and poor prognosis.[46, 47] Obesity is also 
associated with the reduction in the production of  type 
I interferon (IFN), which is a key factor in the antiviral 
immune response. The reduction in IFN production makes 
the body more susceptible to infection.[10]

Obese patients have poor physical fitness and immune 
system functions.[13] Moreover, because of  excessive 
accumulation of  AT, overweight and obesity alter innate 
and adaptive immune responses. This also causes the 
immune system to become more susceptible to infection.[10]  
AT regulates metabolism by secreting adiponectin, 
leptin, and other adipokines. Leptin has immune and 
neuroendocrine properties and plays a strong role in 
innate and adaptive immune responses; it can also exert 
effects on neutrophils, natural killer (NK) cells, monocytes, 
macrophages, and CD4 cells.[48] It is known that obese 
individuals have low adiponectin and high leptin levels. In 
one study, leptin was shown to promote fibrosis in a mouse 
model of  ARDS,[49] suggesting that leptin might be related 
to severe pulmonary diseases.[34, 42] Another study showed 
that high levels of  leptin could impair immune responses 
to viral infections, reduce vaccine efficacy, and result in 
chronic inflammatory responses.[48, 50, 51]

Multiple lines of  evidence suggest that insulin might be a 
key regulator of  T-cell metabolism and function. Insulin 
resistance impairs immune function.[52-54] Insulin signals 
actively control the growth and proliferation of  T cells and 
stimulate their immune function, thereby strengthening the 
host’s defense against infection. However, obesity often 
leads to systemic insulin resistance and various metabolic 
abnormalities. 

Pulmonary mechanics and physiological changes 
in obese patients with COVID-19
People with obesity show a variety of  changes in pulmonary 
and chest wall function, which may further deteriorate 
following COVID-19 infection. Specifically, respiratory 
dysfunction in obese patients often increases the risk 
of  hypoventilation-associated pneumonia, pulmonary 
hypertension, and cardiac stress. Besides, impairment 
of  respiratory dynamics can lead to severe COVID-19. 
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Obesity is associated with a reduction in an expiratory 
reserve capacity, functional capacity, and respiratory 
compliance. The pulmonary function of  patients with 
abdominal obesity may be further impaired due to reduced 
diaphragmatic movement.[33, 45, 55-57] Moreover, obesity 
may lead to airway narrowing, uneven distribution of  
ventilation, and increased airway resistance.[19]

Mechanism of receptor–ligand interaction and 
its effect on increased infection and increased 
disease severity in obese patients with COVID-19
The first step for SARS-CoV-2 to enter a cell is the binding 
of  its spike protein to angiotensin-converting enzyme 2 
(ACE2) on the cell surface. ACE2 is expressed in many 
organs and tissues, including the respiratory epithelial cells, 
cells of  the small intestine, and alveolar epithelial cells.[51, 58-61]  
In vitro tests have shown that the increased expression of  
ACE2 promotes the entry of  SARS-CoV-2 into cells and 
its replication.[4, 62, 63] Thus, increased expression of  ACE2 
is considered as one of  the mechanisms that facilitate the 
entry of  SARS-CoV-2 into cells.[59]

The expression of  ACE2 is higher in AT cells than in 
pulmonary cells, which suggests that AT may be more 
susceptible to COVID-19 infection.[59, 64] The presence of  
ACE2 may allow SARS-CoV-2 to enter AT cells, which 
suggests that AT may act as a viral reservoir. Moreover, 
the presence of  ACE2 may prolong the shedding of  
SARS-COV-2 in obese individuals and exacerbate systemic 
inflammation and immune response.[32, 61, 65] Moreover, a few 
researchers have shown that some drugs used to treat obese 
patients with COVID-19 with complications may induce 
the overexpression of  the ACE2 receptor in adipocytes, 
leading to more virus uptake and severe outcome.[51]

In addition, obese patients who exhibit overactivity of  
the renal–angiotensin–aldosterone system (RAAS) may 
show worse outcomes.[58] ACE catalyzes the conversion 
of  angiotensin I to the octapeptide angiotensin II (Ang 
II), and ACE2 then converts Ang II to angiotensin 1-7. 
Angiotensin 1-7 stimulates vasodilation and inhibits cell 
growth.[61] It has been reported that coronavirus can cause 
the accumulation of  Ang II by blocking ACE2 receptors 
during infection, which may further lead to pulmonary 
injury or tissue damage.[9, 60]

Changes in endothelial cells in obese patients 
with COVID-19
Endothelial cells play an important role in the regulation of  
vascular homeostasis. It can produce a series of  bioactive 
mediators to regulate vascular tension, control permeability, 
regulate proliferation, and regulate platelet adhesion and 
aggregation. Obesity-related inflammation, however, 
can lead to an imbalance between the proinflammatory/

procoagulant and anti-inflammatory/anticoagulant status 
of  endothelial cells. Obesity can induce pathological platelet 
hyperactivation, resulting in hemostasis.[66, 67]

Various studies have shown that chronic and progressive 
inflammatory processes in obese individuals lead to 
endothelial dysfunction.[32] Moreover, viral infection leads 
to an increase in endothelial cell death and promotes the 
release of  proinflammatory mediators and inflammatory/
immune cell recruitment.[68] The cell environment of  
endothelial cells in obese patients promotes SARS-CoV-2 
infection, resulting in coagulopathy and thrombosis.[69]

Obesity-related inflammation and metabolic molecular 
changes alter the overall structure of  endothelial cells, 
along with multiple structural, functional, and molecular 
changes, including changes in the production of  nitric 
oxide (NO) and reactive oxygen species (ROS). NO has 
many functions, including relaxation of  vascular smooth 
muscle cells, increasing blood flow, inhibition of  platelet 
aggregation, and inhibition of  endothelial cell activation. 
The concentration and production of  endothelial NO are, 
however, inhibited in obese patients.[32] A higher incidence 
of  venous thromboembolism, arterial thrombosis, and 
thrombotic microangiopathy was found in patients with 
COVID-19.[67]

Vitamin D deficiency in obese patients with 
COVID-19
Vitamin D deficiency is prevalent and well documented 
in obese patients, and it disrupts immune function and 
increases the risk of  infection.[56, 70] A higher prevalence 
of  vitamin D deficiency was found in patients with 
COVID-19. Vitamin D deficiency is associated with 
atherosclerotic heart disease and impaired pancreatic 
islet function.[71] Moreover, vitamin D helps to control 
respiratory infections by regulating the RAAS and 
maintaining a balance between pro- and anti-inflammatory 
cytokines.[56] Consequently, vitamin D deficiency can block 
the activation of  these defense pathways, trigger cytokine 
storms, and lead to immune dysfunction, which eventually 
exacerbates COVID-19.[56] Studies have also found that 
vitamin D supplementation can protect against acute 
respiratory tract infection.[72] 

Comorbidities in obese patients with COVID-19
Obesity increases the risk of  coronary heart disease due 
to epicardial AT and perivascular fat. Moreover, studies 
have indicated that obesity in children aged 11 to 12 
years is positively correlated with the development of  
cardiovascular dysfunction.[73] Chronic renal diseases,[74] 
lipodystrophy, lipoatrophy, premature aging, and other 
disease states may also be associated with AT.[75] All these 
conditions may lead to an inadequate metabolic response to 
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immune challenges during severe COVID-19 infection and 
result in a poor prognosis.[12] Figure 1 shows the mechanism 
by which obesity leads to increased severity of  COVID-19.

EVALUATION OF OBESITY AND 
RELATED COMORBIDITIES

The WHO defines obesity as BMI ≥ 30 kg/m2, while 
the criterion for obesity in China is BMI ≥ 28 kg/m2. 
BMI should be measured in all patients with COVID-19, 
especially in younger and middle-aged people with fewer 
comorbidities, as a higher level of  obesity may lead to a 
worse prognosis.[76] Compared to BMI, waist circumference 
and waist-to-hip ratio can better assess the inflammatory 
status of  the body and the degree of  abdominal obesity, 
and provide references for prognosis.[77, 78]

Obese patients often have underlying diseases, and 
therefore, the evaluation of  comorbidities in these patients 
is essential.[79] Obese patients with COVID-19 are prone 
to have coagulation abnormalities and elevated D-dimer 
and fibrinogen levels. Coagulation indicators should be 
monitored and ultrasound screening should be used to 
signal the presence of  deep vein thrombosis and pulmonary 
embolism.[80] Attention should be given to indicators such 

as ferritin, erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), and IL-6 to identify early critical patients.

TREATMENT STRATEGIES FOR 
OBESE PATIENTS WITH COVID-19

Anticoagulation therapy
All obese patients with COVID-19 should receive 
preventive anticoagulation therapy in the hospital, except 
for patients with contraindications for anticoagulation 
therapy. Low-molecular-weight heparin should be chosen 
first if  the patient has no severe renal impairment. In 
patients with creatinine clearance (CrCl) > 30 mL/min, 
the routine preventive dose of  enoxaparin is 40 mg or 
4,000 U once daily; this dose can be administered every 
12 h for patients with BMI ≥ 40 kg/m2 or high-risk 
patients with venous thromboembolism (VTE) after 
metabolic surgery.[81, 82] The dose of  dalteparin can be 
increased by 30% based on standard preventive doses.[83] 
The INSPIRATION trial conducted an anticoagulant dose 
study on 600 critically ill COVID-19 ICU patients. The 
results showed that a moderate dose of  enoxaparin did not 
improve thrombosis and reduce the rate of  death and the 
use of  extracorporeal membrane oxygenation (ECMO). 
Therefore, anticoagulation for patients with COVID-19 is 

Figure 1: Obesity and related comorbidities are associated with the pathogenesis and physiological changes that lead to infection and pathogenicity of COVID-19. 
ACE2: angiotensin-converting enzyme 2; IR: insulin resistance; IL-1β: interleukin-1β; IL-6: interleukin-6; TNF-α: tumor necrosis factor-alpha; INF-γ: interferon-γ; 
MCP-1: monocyte chemoattractant protein-1; RAAS: renal–angiotensin–aldosterone system; SARS-CoV-2: severe acute respiratory syndrome coronavirus-2; 
TNFR: tumor necrosis factor receptor; WAT: white adipose tissue; COVID-19: coronavirus disease 2019.
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recommended to be given as a preventive dose rather than 
a moderate or therapeutic dose.[84]

Airway management 
Airway management is very important for obese patients 
with COVID-19. Hospital inpatients initially prefer high-
flow oxygen through a nasal cannula (HFNC). They 
choose to tolerate the highest flow (usually 50 L/min) 
and meet the saturation of  peripheral oxygen (SpO2) of  
90%–96% required for minimum fraction inspired oxygen 
concentration (FiO2).

[85] When the disease progresses 
rapidly within a few hours, with the oxygenation index 
PaO2/FiO2 at < 150 mmHg, HFNC at > 50 L/min, and 
FiO2 at > 0.6, and the condition remains deteriorated 
with unstable hemodynamics, early tracheal intubation 
is recommended.[86] Tracheal intubation is more difficult 
for obese patients with COVID-19, and deoxygenation is 
more likely to occur during operation,[87] and therefore, 
preoxygenation should be given during tracheal intubation.[88]  
It is recommended to use visual laryngoscope intubation to 
improve the success rate of  intubation at the first attempt 
and reduce the risk of  infection to healthcare workers.[89] It 
is also recommended to adopt a low tidal volume (4–8 mL/
kg ideal body weight) and low plateau pressure ventilation 
(< 30 cmH2O) while providing moderate-to-high positive 
end-expiratory pressure to prevent airway collapse.[90]

Glucocorticoids
Obese patients are more likely to have spontaneous 
breathing difficulties and diffuse pulmonary injury following 
COVID-19 infection. For patients with COVID-19 
who need auxiliary oxygen supply, glucocorticoids can 
regulate inflammation-mediated lung injury and reduce 
the occurrence of  respiratory failure and death.[91] A 
study of  6,425 hospitalized patients with COVID-19 
showed that compared to conventional treatment, oral or 
intravenous dexamethasone (6 mg/d, for up to 10 days 
or to receive usual care alone) can reduce the overall 28-
day mortality of  patients by 17%. However, the use of  
glucocorticoids is not recommended for the prevention or 
treatment of  COVID-19 patients with mild-to-moderate 
illness and for those receiving no respiratory support.[92] 
Methylprednisolone is recommended as the first choice 
for critically ill patients. The recommended dose is 1–2 
mg/(kg·d) or 40–80 mg/d, and the course of  treatment 
is 3–5 days.[93] For patients with body weight above 80 kg, 
the dose of  methylprednisolone is 40 mg twice daily. The 
dose can be increased up to 60–80 mg twice daily if  the 
body temperature is over 38℃.[94] Although the effective 
benefits of  glucocorticoids such as hydrocortisone[95] 

and methylprednisolone[96] for critically ill patients 
with COVID-19 remain unclear, the key to the use of  
glucocorticoids for treating COVID-19 should not be 
ignored.

Inhibitors of the IL-6 pathway
Blocking the inflammatory pathway may prevent disease 
progression.[97] IL-6 pathway inhibitors include IL-6 receptor 
blockers and direct IL-6 inhibitors, which can be used for 
severe and critical patients with elevated IL-6 levels and 
extensive lesions detected on chest CT. Tocilizumab is the 
only approved IL-6 monoclonal inhibitor currently used in 
China. The first dose for adults is 4–8 mg/kg. If  the patient 
continues to have a high fever after use, one additional dose 
can be given; the administration interval is ≥ 12 h, and the 
total number of  administration is ≤ 2 times. The Infectious 
Diseases Society of  America (IDSA) and COVID-19 
diagnosis and treatment guidelines recommend that for 
hospitalized adult patients with progressive severe or critical 
illness, rapid increase in oxygen demand, and elevated levels 
of  systemic inflammatory markers (CRP level ≥ 75 mg/L), 
tocilizumab can be used in addition to dexamethasone.[98] An 
open-label study of  4,116 patients in the United Kingdom 
showed that compared to conventional treatment, the 
addition of  tocilizumab administered 1–2 times based on 
weight can reduce the 28-day mortality rate (31% vs. 35%). 
Eighty-two percent of  the study participants were treated 
with dexamethasone at the same time, and the results 
suggested that dexamethasone combined with tocilizumab 
provided more benefits to the patients.[99] Another study 
of  803 ICU patients with severe COVID-19 showed that 
compared to the standard treatment group, tocilizumab and 
saliruzumab reduced in-hospital mortality (28% and 22%, 
respectively, vs. 36%).[100] We should also be aware of  the risk 
of  infection when using IL-6 pathway inhibitors.[101]

LONG-TERM PROGNOSIS OF OBESE 
PATIENTS WITH COVID-19

Prognosis study of obese patients with COVID-19
A one-year follow-up study of  COVID-19 patients after 
discharge showed that obese patients had more severe 
metabolic disorders, pulmonary function, and residual 
lesions on chest CT scans than nonobese patients. There 
were no significant differences in age, gender, underlying 
diseases, and COVID-19 severity in this study.[102] The 
authors of  a previous study believed that the addition 
of  inspiratory muscle training (IMT) to the pulmonary 
rehabilitation (PR) program can improve abnormal 
breathing patterns,[103] balance the relationship between 
respiratory muscle demand and respiratory muscle energy 
supply,[104] and improve patients’ pulmonary function and 
exercise capacity.

Vaccine immunity study in obese patients with 
COVID-19
Serum IgG antibody level in obese patients with SARS-
CoV-2 infection has a negative correlation with BMI. 
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Irrespective of  the individuals’ age, obesity damages 
the function of  B cells, increases the secretion of  pro-
inflammatory factors, reduces the secretion of  anti-
inflammatory factors, and diminishes the vaccine’s ability 
to produce protective antibodies.[105] Vaccine studies on 
influenza, hepatitis B, and rabies showed that the immune 
response of  obese people following vaccination was 
worse than that of  nonobese people,[106] suggesting that 
the immune efficacy of  the COVID-19 vaccine may be 
reduced by obesity.[107]

PHYSICAL AND PSYCHOLOGICAL 
PROBLEMS CAUSED BY LONG-
TERM STAYING-AT-HOME FOR 
OBESE PATIENTS DURING COVID-19 
EPIDEMIC

Weight gain
To slow down the spread of  the COVID-19 pandemic, 
many countries issued stay-at-home orders, which led 
to some physical and psychological problems. The most 
prominent concern was weight gain, especially among obese 
and overweight people. A survey of  1,516 stay-at-home 
people in the United States in 3 months showed that nearly 
30% of  the participants gained weight, and 26% of  obese 
people gained weight more than 2 kg, which was higher 
than that of  nonobese people (14.8%), and the average 
daily physical activity time was reduced by approximately 
30 min compared to that before living at home during the 
COVID-19 pandemic.[108] Lin et al.[109]  accurately evaluated 
the impact of  home quarantine on weight gain among 
participants living at home during the COVID-19 pandemic; 
the weight was measured for each participant during 4 
months and through the Bluetooth smart weight scale. The 
results showed that the weight increased by approximately 
0.27 kg every 10 days. Previous studies also showed that some 
people may choose to decrease the intake of  fresh vegetables 
and fruits and replace them with canned foods.[110] In addition, 
some people were accustomed to eating snacks after meals, 
not restricting their diets, and consuming more in response 
to anxiety. Therefore, the impact of  diet on weight gain 
during the COVID-19 pandemic needs to be analyzed based 
on the changes in eating habits. 

Increased anxiety and depression
The pressure of  the COVID-19 pandemic also led to some 
psychological issues. A survey of  1,210 respondents from 
194 cities showed that at the early stage of  the COVID-19 
pandemic in China, 53.8% of  respondents described 
the psychological impact of  the pandemic on them as 
moderate or severe, and 28.8% of  these respondents had 
moderate-to-severe symptoms of  anxiety, while 16.5% 
of  the respondents had moderate-to-severe symptoms 

of  depression.[111] A psychological survey of  4,397 
young people showed that 42% of  them had anxiety and 
depression, while 21.4% had insomnia. Isolation measures 
and social disconnection are more likely to cause anxiety 
and depression in the elderly.[112] In addition, for critically ill 
patients who underwent ICU treatment, one-third of  them 
showed persistent anxiety within 1 year after discharge,[113] 
and psychological counseling and follow-up are required 
for these patients.

CONCLUSIONS

COVID-19 is an unprecedented pandemic of  a highly 
contagious virus that is taking a heavy toll on people’s lives 
and health on a global scale. Obesity itself  is an epidemic 
and can be an independent factor in exacerbating the 
illness of  patients with COVID-19, leading to increased 
hospitalization, ICU admission, IMV use, and mortality. 
Obesity also increases the risk of  COVID-19 complications 
through various mechanisms. It can also cause psychological 
issues in patients with COVID-19. After assessing the risk 
of  complications, drug therapy and airway management 
can be used for the treatment of  obese patients. Our goal 
is to investigate personalized interventions based on the 
understanding of  the mechanisms of  obesity that lead to 
more severe diseases in patients with COVID-19.
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