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Abstract. – In 2009, obesity was identified for 
the first time as a risk factor for increased dis-
ease severity and mortality in patients infected 
with the H1N1 influenza A virus. During the cur-
rent COVID-19 pandemic, overweight and obe-
sity have been described as independent risk 
factors of disease severity and mortality due to 
COVID-19. Excess visceral fat is associated with 
systemic chronic microinflammation, changes in 
adipokine release, and oxidative stress. These 
disturbances result in an impaired immune re-
sponse, including dysfunction in lymphocyte ac-
tion and antibody production. Moreover, obesity 
is a cause of endothelial dysfunction, pro-coag-
ulation state, and enhanced expression of angio-
tensin-converting enzyme 2 (ACE-2), which con-
tributes to the infection itself and the severity of 
the disease. We analyzed both the impact of obe-
sity on the severity of COVID-19 and the potential 
mechanism that influences this severity. More-
over, we discuss the effect of obesity complica-
tions on the severity of disease and mortality of 
patients with COVID-19. Furthermore, we sum-
marize the effectiveness of COVID-19 vaccination 
in patients with obesity. Finally, we analyzed the 
effect of the COVID-19 pandemic on mood dis-
turbances and emotional eating and, as a con-
sequence, the development of obesity or an in-
crease in its severity. 

In summary, the studies conducted during the 
COVID-19 pandemic indicate that effective obe-
sity treatment should be initiated at once. In ad-
dition, the data confirm the need to organize ef-
ficient obesity treatment systems for the sake of 
not only the individual but also society.
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SARS-CoV-2 the New “King” of 
the Acute Pandemic

Coronaviruses are enveloped positive-sense 
single-stranded RNA viruses. Two beta coro-

naviruses have caused large-scale pandemics: 
severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle East respiratory syn-
drome coronavirus (MERS-CoV)1. Currently, a 
novel SARS-like coronavirus 2 (SARS-CoV-2) 
is rapidly spreading all over the world. The 
most common clinical symptoms of infected pa-
tients are fever, dry cough, dyspnea, pneumonia, 
headache, loss of taste and smell, and numerous 
other symptoms related to a new mutation. The 
disease received the name coronavirus disease 
2019 (COVID-19), and on March 11, 2020, was 
characterized by the World Health Organization 
(WHO) as a pandemic2,3.

Obesity a Global Chronic Pandemic and 
its Effects on Acute COVID-19 Pandemic

Since the last century, the prevalence of obe-
sity has been increasing around the world. The 
global increase in the number of patients with 
obesity has already reached the scale of the 
pandemic. Both obesity and its complications 
negatively affect the health care system. Global-
ly, in 2016, 1.9 billion adults were diagnosed as 
overweight and 650 million as obese4. Obesity 
can cause numerous complications, including, 
among others, type 2 diabetes mellitus (DM), 
hypertension, cardiovascular disease, obstruc-
tive sleep apnea, pulmonary arterial hyperten-
sion, secondary chronic hypoxia, and increased 
risk for cancer development5,6. At first, a higher 
risk for Invasive Mechanical Ventilation (IMV) 
and Intensive Care Unit (ICU) admission due 
to COVID-19 among patients with type 2 DM 
and hypertension was reported. Later, numer-
ous studies performed in various parts of the 
world showed that overweight and obesity are 
direct, significant risk factors for severity and 
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higher mortality for COVID-19 infection. The 
first data come from a single-center study per-
formed in Wuhan, in which it was found that 
obesity significantly increased the risk of severe 
and critical course of COVID-197. These data 
were confirmed by a retrospective review from 
New York City8. In addition, an early report from 
Shenzhen in China revealed that overweight and 
obesity were associated with increased risk of a 
more severe course of COVID-19 infection after 
adjusting for age, sex, epidemiological charac-
teristics, days from disease onset to hospitaliza-
tion, presence of selected comorbidities, and drug 
used for treatment9. Similarly in Italy, during the 
first wave of the pandemic, an increased risk of 
death in patients with obesity and COVID-19 
was observed10. Obesity was also the most im-
portant risk factor for mortality among young 
Chinese patients11. Numerous subsequent studies 
confirmed the primary observations.

The results of a prospective, community-based, 
cohort study analyzing 6,910,695 subjects diag-
nosed with SARS-CoV-2 infection from 1,500 
English general practices demonstrated non-lin-
ear associations between Body Mass Index (BMI) 
above 23 kg/m² and increased risk of hospitaliza-
tion (adjusted HR (hazard ratio) per kg/m2 from 
the nadir at a BMI of 23 kg/m2 - 1.05, 95% CI 
1.05-1.05) and death (HR - 1.04, 95% CI 1.04-
1.05). Moreover, a linear association between 
BMI and ICU admission was shown (HR - 1.1, 
95% CI: 1.09-1.1). However, it should be noted 
that results showed a J-shaped relationship be-
tween BMI, hospital admission, and death due to 
COVID-19 infection. An increased risk of mor-
tality was found in those with a BMI of 28kg/m² 
and above regardless of the occurrence of type 2 
DM and hypertension. This association decreased 
with age and loss in subjects aged 80 years and 
above. Among subjects aged 20-39 years, a BMI 
of 23 kg/m2 and above increased the risk of 
hospital admission (HR 1.09, 95% CI 1.08-1.10), 
ICU admission (HR 1.13, 95% CI 1.11-1.16), and 
death due to SARS-CoV-2 infection (1.17, 95% CI 
1.11-1.23). It should be noted that BMI is a weak 
marker of fat mass excess in the elderly and this 
age increased the occurrence of sarcopenic obesi-
ty associated with lower BMI levels. In addition, 
BMI is a weak marker of visceral obesity and its 
metabolic complication in younger people.

It has also been shown that race may modify the 
impact of obesity on COVID-19 severity. Specifical-
ly, Black race, more significantly than White race, 
amplified BMI-related risk of hospital admission 

(HR 1.07 95% CI 1.06-1.08 vs. HR 1.04, 95% CI 
1.04-1.05) and COVID-19-related death (HR 1.08, 
95% CI 1.06-1.10 vs. HR 1.04, 95% CI 1.03-1.04)12.

The studies that described the impact of obesi-
ty on the course of COVID-19 and mortality due 
to this infection are summarized in Table I.

The results of single studies were confirmed by 
a meta-analysis, showing an association between 
obesity and the risk of ICU admission, IMV, 
and COVID-19 progression in both children and 
adults13,14. The results of meta-analyses on the 
course of COVID-19 in patients with obesity are 
presented in Table II.

Obesity, Viral Transmission, 
and Re-Infection

Obesity-related inflammation and the dysfunc-
tion of innate and adaptive immune responses are 
associated with prolonged COVID-19 infection15. 
It has been shown that the time of shedding the 
symptomatic influenza A virus (IAV) is longer 
by 42% and asymptomatic by 104% in patients 
with obesity. These results may indicate that 
obesity has an impact on influenza A virus trans-
mission16. By analogy, it is hypothesized that 
obesity may also play a role in the transmission 
of COVID-1917. Super-spreaders is the term used 
to describe people with a greater propensity to in-
fect more than the mean number of people18. The 
results of an Italian study suggest that patients 
with obesity are potentially more contagious than 
those with normal weight since a positive cor-
relation between BMI and infectious viral load 
in exhaled breath was found19. In addition, an 
observational cohort study showed that the num-
ber of exhaled aerosol particles increased with an 
increased BMI and is multiplied by age (BMI-
years), which confirmed the 20/80 rule observed 
for other infectious diseases20. This contributes 
to a disproportionate increase in the number of 
COVID-19 cases21. Thus, extending the quaran-
tine and isolation period of patients with obesity 
with COVID-19 should be considered.

Importantly, obesity affects the variety of in-
fluenza A viruses through the enhancement of 
mutations. A reduced interferon response sup-
ports increased viral replication and permits the 
emergence of virulent IAV strains22. Similarly, 
there may be an increased risk of SARS-CoV-2 
mutation in patients with obesity by prolonging 
viral shedding and blunting the immune response. 

It has also been shown that obesity may be a 
risk factor for COVID-19 re-infection23. More-
over, obesity is associated with a lack of return-
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Table I. Results of studies on the course of COVID-19 in patients with obesity.

	 Author	 Characteristics of population	   Type of study	 Results

Zhang et al7, 	 463 patients (38.7% with overweight, 	 Single-center, 	 Obesity increased the risk of severe
2021	 9.1% with obesity) hospitalized from	 retrospective	 and critical course of COVID-19 by 359%
	 January 2 to February 20, 2020; China		  (OR 3.586, 95% CI 1.550-8.298, p= 0.003)
Filardo et al8, 	 337 patients (41.8% with obesity) 	 Retrospective	 Obesity increased risk of mortality due
2020 	 hospitalized from March 9 to April 8,	 chart review	 to COVID-19 by 37% (RR 1.37,
	 2020; USA		  95% CI 1.07-1.74)
Cai et al9, 	 383 adult patients (32.0% with 	 Case series	 Overweight increased risk of severe course
2020 	 overweight, 10.7% with obesity), 		  of COVID-19 by 84% (OR 1.84, 95% CI 
	 admitted to the hospital from 		  0.99-3.43, p = 0.05) and obesity by 340% 
	 January 11 to 16 February 2020; China		  (OR 3.40, 95% CI 1.40-2.86,  p = 0.007)
Giacomelli	 233 patients (16.3% with obesity), 	 Prospective	 Obesity increased the risk of death
et al10, 2020 	 hospitalized from February 21 to 	 cohort	 by 304% (HR 3.04, 95% CI 1.42-6.49)
	 March 19, 2020; Italy		
Zhang et al11, 	 53 patients (mean BMI 24.38 ±	 Retrospective	 Obesity increased risk of mortality by 135% 
2020 	 4.00 kg/m²), hospitalized from 		  (OR 1.354, 95% CI 1.075-1.704,
	 February 7 to March 27, 2020; China		  p = 0.010)
Huang et al91, 	 202 patients (14% with BMI ≥ 28 kg/m²)	 Multi-centre,	 BMI ≥ 28 kg/m² increased risk of severe
2020	 hospitalized from January 22 to 	 retrospective	 course of COVID-19 by 587% (OR 5.872,
	 February 10, 2020; China		  95% CI 1.595-21.621, p = 0.008)
Steinberg	 210 patients (47.6% with obesity), 	 Two - center,	 Obesity increased risk of mortality by
et al92, 2020 	 reported to one of two emergency 	 retrospective	 629% (OR 6.29, 95% CI 1.76-22.46,
	 departments from March 8 to April 4,	 cohort	 p = 0.0046), risk of IMV by 601% (OR 6.01,
	 2020; USA		  95% CI 2.5-14.48, p = 0.0001) and risk of
			   admission to hospital by 261% (OR 2.61,
			   95% CI, 1.49-4.58, p = 0.0008)
Kompaniyets	 148,494 patients (28.3% with overweight,	 Report	 Obesity increased risk of ICU admission
et al51, 2021	 50.8% with obesity), March to 		  by 6-16% (BMI 40-44.9 kg/m²: RR 1.06, 95% CI
	 December 2020; USA		  1.03-1.10; BMI ≥ 45 kg/m²: RR 1.16, 95% CI 
			   1.11-1.20), risk of IMV by 208% (BMI ≥ 45 kg/m2:
			   RR 2.08, 95% CI 1.89-2.29) and risk of death by
			   8-61% (BMI 30-34.9 kg/m²: 1.08, 95% CI 1.02-1.14;
			   BMI ≥ 45 kg/m²: RR 1.61, 95% CI 1.47-1.76)
Al-Sabah	 1,158 patients (41.8% with overweight; 	 Retrospective	 Overweight increased risk of admission
et al93, 2020 	 13.5% with I degree of obesity;	 cohort	 to ICU by 245% (OR 2.45, 95% CI
	 5.5% with II degree of obesity; 2.6%		  1.26-4.74; p = 0.008), I degree of obesity
	 with morbid obesity) admitted to the		  by 351% (OR 3.51, 95% CI 1.60-7.69), 
	 hospital from February 24 to April 7, 		  and morbid obesity by 518% (OR 5.18,
	 2020; Kuwait		  95% CI 1.50-17.85)
Hajifathalian	 770 patients (36% with obesity),	 Retrospective	 Obesity increased risk of ICU admission
et al94, 2020 	 recorded between March 4 and April 9, 	 review	 by 176% (RR 1.76, 95% CI 1.24-2.48,
	 2020; USA		  p = 0.001), risk of intubation by 172% (R
			   1.72, 95% CI 1.22-2.44, p = 0.002) and
			   risk of death by 115% (RR 1.15, 95% 
			   CI 0.62-2.14, p = 0.663)
Simonnet	 124 patients (47.6% with obesity, 	 Retrospective	 BMI >35 kg/m² increased risk of IMV by
et al55, 2020	 28.2% with severe obesity) admitted 	 cohort	 736% (OR 7.36, 95% CI 1.63-33.14,
	 to ICU between February 27 and 		  p = 0.021)
	 April 5, 2020; France		
Palaiodimos	 200 patients (23% with severe obesity),	 Retrospective	 Obesity increased risk of oxygen requiremen
et al95, 2020	 admission of 1st patient March 9, 2020;	 cohort	 by 309% (OR 3.09, 95% CI 1.43-6.69, p = 0.004), 
	 200th patient: March 22, 2020; 		  risk of intubation by 387% (OR 3.87, 95% CI,
	 completion of 3-week follow-up: 		  1.47-10.18 p = 0.006), and risk of in-hospital mortality
	 April 12, 2020; USA		  by 378% (OR 3.78, 95% CI 1.45-9.83, p = 0.006)
Hameret al96, 	 334,329 participants (66.6% were overweight	 Community-	 Overweight increased risk of hospitalization
2020 	 or obese) with prospective linkage to	 based cohort	 by 139% (OR 1.39, 95% CI 1.13-1.71), BMI 30-34.9
	 national registry on hospitalization for		  kg/m² by 170% (OR 1.70; 95% CI 1.34-2.16), and
	 COVID-19 from 16 March 2020 to 26 April		  BMI ≥ 35 kg/m² by 338% (OR 3.38, 95%
	 2020; ~0.2% hospitalized for COVID-19, UK		  CI 2.60-4.40)

BMI - body mass index, IMV - Intensive mechanical ventilation, OR - odds ratio, UK - the United Kingdom, ICU - Intensive 
Care Unit, HR - hazard ratio, RR - relative risk, CI - confidence interval.
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ing to usual health 14-21 days after a SARS-
CoV-2 positive test (OR 2.31, 95% CI 1.21-4.42)24. 
In addition, it has been shown that pulmonary 
fibrosis, a severe COVID-19 complication, may 
be more frequent in patients with obesity than in 
normal-weight individuals25.

Multiple Mechanisms of the
Impact of Obesity on the Course of
COVID-19 Infection

Immune Response, and Oxidative Stress
Obesity is a cause of chronic systemic microin-

flammation that influences immune responses to 
infectious diseases through direct, indirect, and 

epigenetic mechanisms26. Adipose tissue is an 
endocrine organ that produces adipokines with 
anti- or pro-inflammatory properties. Pro-inflam-
matory adipokines include leptin, tumor necro-
sis factor-alpha (TNF-a), interleukin 6 (IL-6), 
resistin, retinol-binding protein 4 (RBP-4), li-
pocalin 2, interleukin 18 (IL-18), and angiopoi-
etin-like protein 227. Their production increases 
with an increasing volume of adipocytes in vis-
ceral fat. Higher IL-6 levels have been correlated 
with a decreased number of natural killer (NK) 
cells with granzyme expression that decreased 
cytotoxic potential28. Furthermore, during anti-
gen presentation, obesity-related chronic micro-
inflammation decreased macrophage activation 
and their pro-inflammatory cytokines production 

Table II. Results of meta-analyses on the course of COVID-19 in patients with obesity.

	Author	 Characteristics of population	 Results

Chu et al13, 	 22 studies; 12,591 patients	 Obesity increased risk of ICU admission by 157% (OR 1.57,
2020		  95% CI 1.18-2.09, p = 0.002, I2 = 0%, p = 0.60), risk of IMV
		  by 213% (OR 2.13, 95% CI 1.10-4.14, p = 0.03, I2 = 54%, 
		  p = 0.14), and risk of disease progression by 417% (OR 4.17,
		  95% CI 2.32-7.48, p < 0.00001, I2 = 0%)

Tsankov et al14, 	 42 studies; 285,004 pediatric patients,	 Obesity (children without complications) increased risk of
2021	 3.3% with at least one comorbidity	 severe COVID-19 by 287% (RR 2.87, 95% CI 1.16 - 7.07,
		  χ2 = 7.81, p = 0.17; I2 = 36%)

Yang et al97, 	 50 studies; 18,260,378 patients	 Obesity increased risk of SARS-CoV-2 infection by 139% 
2020 		  (OR 1.39, 95% CI 1.25-1.54, p < 0.00001), risk of 
		  hospitalization by 245% (OR 2.45, 95% CI 1.78-3.39, 
		  p < 0.00001), risk of severe cases by 374% (OR 3.74, 95%
		  CI 1.18-11.87, p = 0.02), risk of ICU admission by 130% 
		  (OR 1.30, 95% CI 1.21-1.40, p < 0.00001), risk of IMV by 
		  159% (OR 1.59, 95% CI 1.35-1.88, p < 0.00001), and risk of
		  mortality by 165% (OR 1.65, 95% CI 1.21-2.25, p = 0.001)

Yang et al98, 	 41 studies; 219,543 subjects and 	 Obesity increased risk of hospitalization by 154% (OR 1.54,
2020 	 115,635 COVID-19 patients	 95% CI 1.33-1.78, I2 = 60.9%), risk of ICU admission by 
		  148% (OR 1.48, 95% CI 1.24-1.77, I2 = 67.5%), risk of IMV 
		  by 147% (OR 1.47, 95% CI 1.31-1.65, I2 = 18.8%), and risk of 
		  in-hospital mortality by 114% (OR 1.14, 95% CI 1.04-1.26,
		  I2 = 74.4%)

Zhao et al99, 	 11 studies for COVID-19; 	 Morbid obesity increased risk of hospitalization by 308%
2020 	 9,787 patients	 (OR 3.08, 95% CI 1.43-6.62, I2 = 92%, n=6), obesity increased 	
		  risk of severe outcomes of COVID-19 by 207% 
		  (OR 2.07, 95% CI 1.53-2.81, I2 = 70.9%, n=9), and
		  morbid obesity increased risk of severe outcomes and death of
		  COVID-19 by 376% (OR 3.76, 95% CI 2.67-5.28, I2 = 0%, n = 3)

Földi et al100, 	 6 studies; 2,770 patients; ICU admission	 Oobesity increased risk of ICU admission by 121% (OR 1.21, 
2020	 5 studies; 509 patients; IMV requirement	 95% CI 1.002-1.46, I2 = 0.0%), risk of IMV by 205% 
		  (OR 2.05, 95% CI 1.16-3.64, I2 = 34.86%)

BMI - body mass index, IMV - Intensive mechanical ventilation, OR - odds ratio, UK - the United Kingdom, ICU - Intensive 
Care Unit, HR - hazard ratio, RR - relative risk, CI - confidence interval.
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upon stimulation19. Moreover, impaired functions 
of effector T cells, helper T cells, and a reduc-
tion in memory T cell responses were observed. 
Moreover, an experimental study showed chang-
es in metabolic programming of memory T cells 
after weight loss15. In addition, it has been sug-
gested that impaired B and T cell responses relat-
ed to obesity increased susceptibility and reduced 
influenza virus clearance19.

Obesity is also the cause of oxidative stress 
development related to hyperleptinemia, low 
antioxidant defense, chronic inflammation, and 
postprandial reactive oxygen species generation. 
Oxidative stress impairs adaptive immunity and 
enhances infection severity and tissue damage29. 
Oxidative stress may modify the structure and 
function of CD4+ lymphocytes, resulting in im-
paired interaction between CD4+ and B cells, a 
lower antibody titer, and depleted CD4+ lympho-
cytes30,31. It has also been shown that oxidative 
stress, enhanced by SARS-CoV-2 infection, di-
rectly increased NF-kappaB expression and ini-
tiated cell apoptosis32. Increased reactive oxygen 
species generation may hamper the immune sys-
tem function and result in worse viral infection 
outcomes in patients with obesity33.

In a paper by Mazzoni et al34, it was shown 
that patients with COVID-19, especially those 
requiring intensive care, had not only decreased 
numbers of circulating T CD4+, T CD8+, and 
NK cells but also displayed reduced antiviral cy-
tokine production. In addition, patients requiring 
intensive care had a higher level of IL-6 and less 
frequency of granzyme A-expressing NK cells.

Obesity and Endothelial Dysfunction
Obesity-related inflammation and insulin re-

sistance are causes of endothelial dysfunction 
resulting in an imbalance between pro-inflam-
matory/procoagulant and anti-inflammatory/
anticoagulant factors. These alterations predis-
pose to the formation of atherosclerotic plaque 
and platelet activation25. In addition, obesity 
is associated with impaired fibrinolysis due to 
increased expression and production of plasmin-
ogen activator inhibitor-1 (PAI-1)35. It has also 
been suggested that higher levels of D-dimer 
and fibrin degradation products are common-
ly associated with COVID-19 pneumonia-re-
lated death36. In addition, higher D-dimer lev-
els were found in patients with obesity than 
in normal-weight patients hospitalized due to 
COVID-1937, 38. This may indicate an increased 
risk of death from COVID-19 pneumonia in 

patients with impaired coagulation associated 
with obesity-related endothelial dysfunction and 
hemostatic disturbances. Zhang et al11 showed 
that increased coagulation activity, aggravated 
inflammatory responses, and cardiac injury are 
mechanisms that contribute to higher mortality 
due to COVID-19. Moreover, hypoxia, inflam-
mation, and oxidative stress in perivascular adi-
pose tissue (PVAT) are mediators of obesity-re-
lated endothelial dysfunction and result in the 
impaired release of vasoactive factors. Changes 
in PVAT analyzed by computed tomography can 
be used to quantify COVID-19-induced vascular 
inflammation and could be a valuable prognostic 
tool for in-hospital outcomes39.

In addition, in obesity, increased endotheli-
al expression of angiotensin-converting enzyme 
2 (ACE-2), transmembrane protease serine 2, 
and furin was observed. Collectively, these may 
cause higher vulnerability to SARS-CoV-2 in-
fection and intensify endothelial damage25,40. In 
lung autopsies obtained from patients who died 
from COVID-19, severe endothelial injury as-
sociated with the presence of intracellular virus 
and disruption of cell membranes was shown. 
Importantly, a nine times higher incidence of 
alveolar-capillary microthrombi than in the lungs 
of those who died from acute respiratory dis-
tress syndrome (ARDS) secondary to influenza 
A (H1N1) was found in these patients41. It seems 
that these mechanisms mediate increased mortal-
ity in patients with obesity.

ACE-2 Receptor Expression
The relationship between high ACE-2 receptor 

expression and COVID-19 morbidity and severi-
ty was observed. SARS-CoV-2 presumably uses 
ACE-2 receptors to infect human cells. The ACE-
2 receptor is a functional receptor expressed in 
6,738 normal tissues. A high number of these 
receptors are localized in the small intestine, 
kidney, heart, thyroid, adipose tissues, salivary 
glands, and lungs42. Although the expression of 
ACE-2 receptors is higher in adipose tissue than 
lung tissue, the latter is the main target for SARS-
CoV-243. However, adipose tissue may be an im-
portant reservoir of SARS-CoV-2 and may allow 
the virus to spread to other organs and prolong 
viral clearance6.

The molecular mechanism of virus invasion 
via ACE-2 receptors suggests that SARS-CoV-2 
enhances the classical pathway of the renin-an-
giotensin system (RAS). RAS activation and 
subsequent hyperactivity cause an intensification 
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of vasoconstriction, oxidative stress, and pro-in-
flammatory action which results in an exacerba-
tion of infection symptoms44.

The Mammalian Target of Rapamycin 
(mTOR)

In obesity, hyperactivation of the mTOR path-
way in multiple tissues was observed. Hyperac-
tivated mTOR regulates cap-dependent mRNA 
translation. The hypothesis that coronaviruses are 
RNA viruses that hijack the host cap-dependent 
translation machinery to replicate, explains the 
increased virus replication and enhancement of 
cap-dependent translation45.

The Impact of SARS-CoV2 on the 
Respiratory System of Patients 
with Obesity

A reduced functional residual capacity, ex-
piratory residual volume, and less commonly, 
total lung capacity was shown in patients with 
obesity46. In patients with visceral obesity in a 
supine position, lung function was additionally 
impaired by a reduced diaphragm excursion47. 
Disturbed respiratory mechanics and gas ex-
change in patients with obesity, especially in the 
supine position, cause expiratory flow limitation. 
This results in gravitational atelectasis and severe 
hypoxemia48. It has been found that in non-intu-
bated patients with obesity and COVID-19-re-
lated pneumonia, the prone position ameliorates 
blood oxygenation. However, this effect was not 
sustained after resupination49. Improvements in 
oxygenation by increasing the aerated areas of 
the lungs in the prone position have also been 
observed in mechanically ventilated patients50. 
Moreover, obesity may impair motile cilia in air-
way epithelial cells51. Furthermore, obesity and 
its complications increased the risk of developing 
type 2 inflammation which affects the bronchi 
and parenchyma of the lungs52. In addition, obe-
sity is associated with surfactant dysfunction 
resulting in the development of severe ARDS 
during COVID-1953.

NIV (non-invasive ventilation) in patients with 
obesity is recommended for both the preven-
tion and treatment of acute respiratory failure. It 
should be noted that due to the high risk of lung 
collapse, mechanically ventilated patients with 
obesity require higher positive end-expiratory 
pressure54. In addition, the increased necessity 
of IMV during hospitalization of patients with 
obesity and COVID-19 has been shown in several 
studies. In a single-center, retrospective study, 

the need for IMV was significantly associated 
with 2nd and 3rd-grade obesity, independent of 
other diseases55. In an Italian study involving over 
100 patients, pneumonia due to SARS-CoV-2 in-
fection developed in 65.2% of patients who were 
overweight or obese. Moreover, overweight or 
patients with obesity were 10 years younger than 
normal-weight patients. They also more frequent-
ly required intensive ventilation support, breath-
ing support in addition to regular oxygen therapy 
(IMV and NIV), and were more often admitted to 
ICU and semi-intensive respiratory units53. In ad-
dition, the results of a large US study showed that 
the need for using IMV increased with BMI56. 
Moreover, in a retrospective cohort study, over-
weight or obesity, especially in patients under 
65 years, were associated with a higher risk of 
requiring IMV57. A higher risk of death in young-
er patients with COVID-19 who were overweight 
was also confirmed by another study involving 
nearly 7,000 patients58. In another study, Kom-
paniyets et al51 showed that overweight or obesity 
are risk factors for the need for IMV in patients 
aged 65 years and over.

The difficulty in treating patients with obesity 
is an estimation of the optimal drug dose. Obesity 
significantly impacts organs related to the phar-
macokinetics and pharmacodynamics of drugs59. 
Inadequate dosing contributes to therapy failure 
or drug toxicity. Individualized dosing should be 
based on the patient’s lean body mass. Moreover, 
monitoring the concentrations of the therapeutic 
level of drugs and clinical responses is also rec-
ommended60.

Obesity Complications and 
COVID-19 Outcomes

As described above, obesity is an independent 
risk factor of worse prognosis in the course of 
COVID-19. Moreover, obesity complications in-
cluding hypertension, type 2 DM, and respiratory 
and cardiovascular disease additionally increase 
the severity and mortality due to COVID-1961. The 
highest risk was for patients with a combination of 
type 2 DM and hypertension, followed by type 2 
DM alone and coexisting obesity, type 2 DM, and 
hypertension simultaneously. Moreover, for the 
combination of type 2 DM and obesity, the risk of 
hospitalization was lower, as well for obesity, only. 
The risk of death was highest in the group of pa-
tients with obesity, type 2 DM, and hypertension. 
Patients with only one comorbidity had a lower 
risk of death in comparison to patients with more 
than one of these diseases62. The results of anoth-
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er study showed an increased risk of COVID-19 
lethality was associated with obesity, type 2 DM, 
early-onset DM (<40 years), and an increase in the 
number of comorbidities. Particularly in cases of 
early-onset type 2 DM, a higher mortality risk was 
found. In addition, obesity mediates 49.5% of the 
effect of type 2 DM on COVID-19 lethality63. A 
significant association between an increased risk 
of composite outcomes in patients with obesity 
and type 2 DM was also found64. The intubation 
rate was statistically higher for patients with than 
without type 2 DM (difference 24.85%; p< 0.01; 
95% CI 7.4-34.8), and in patients with HbA1C 
≥7.5% (31.5% vs. 17.8%; p<0.05)65. The prevalence 
of hypertension was higher in severe cases of 
COVID-19 (47.65%; 95% CI 35.04-60.26) com-
pared to total cases (14.34%; 95% CI 6.60-28.42); 
moreover, in fatal cases, hypertension (47.90%; 
95% CI 40.33-55.48 vs. 14.34%; 95% CI 6.60-
28.42), type 2 DM (24.89%; 95% CI 18.80-32.16 
vs. 9.65%; 95% CI 6.83-13.48), and respiratory 
disease (10.89%; 95% CI 7.57-15.43 vs. 3.65%; 
95% CI 2.16-6.1) were common66. A meta-analysis 
that included 3,994 patients showed that obesity 
complications such as hypertension, type 2 DM, 
cardiovascular disease, and chronic kidney disease 
increased the risk of a serious event (ICU admis-
sion, ARDS, mechanical ventilation, pneumonia) 
during SARS-CoV-2 infection67. In addition, ob-
structive sleep apnea (OSA) was associated with 
more frequent hospitalization for respiratory fail-
ure in the course of COVID-19 infection68.

All described data showed that both obesity 
and its complications are risk factors for a worse 
COVID-19 infection prognosis and outcome.

Studies on the impact of obesity complications 
on the course and mortality due to COVID-19 are 
summarized in Table III.

Patients with Obesity and the 
Effectiveness of COVID-19 Vaccination

Increased risk of COVID-19 infection and 
mortality in patients with obesity should focus 
specifically on the effectiveness of vaccination in 
this group. As was mentioned above, obesity-re-
lated chronic microinflammation decreased mac-
rophage activation and impairment of memory 
T cell responses which may worsen vaccination 
outcomes19. It should be noted that a previously 
published study analyzing the effectiveness of the 
influenza vaccination showed that vaccinated pa-
tients with obesity have a two-fold relative risk of 
developing influenza or an influenza-like illness 
than normal-weight subjects (RR 2.01, 95% CI 

1.12-3.60, p=0.020), despite the lack of significant 
differences in seroconversion or seroprotection. 
This may indicate a risk of misleading using an-
tibody titers in determining the effectiveness of 
vaccines69.

In a study analyzing the effectiveness and safe-
ty of the BNT162b2 mRNA COVID-19 vaccine 
in a population of patients aged between 16-64 
years and over 65 years without and with obesity, 
the effectiveness of the vaccine was 95.2% and 
94.9%, 91.8% and 100%, respectively70. Other 
studies have also shown similar effectiveness in 
obese and non-obese subjects. In a Pfizer-BioN-
Tech trial, vaccine efficacy from 7 days after a 
second dose was 95.4% in people with obesity 
(95% CI 86.0-99.1) and 94.8% in people without 
obesity (95% CI 87.4-98.3). In a Moderna trial, 
vaccine efficacy from 14 days after the second 
dose was 94.1% overall (95% CI 89.3-96.8), and 
91.2% in the subgroup with severe obesity (95% 
CI 32.0-98.9)71. However, research from the Isti-
tuti Fisioterapici Ospitalieri (IFO) indicated that 
obesity may reduce the immune response to a 
vaccine. This study analyzed the antibody titer 
7 days after the second dose of the BNT162b2 
mRNA vaccine in 248 healthcare workers (158 
women, median age: 47 years). The effectiveness 
was compared with age, BMI, and sex. Neutraliz-
ing antibodies were present in 93% of vaccinated 
individuals, and S1/S2 subunits-binding antibody 
titers were between 3.8-2460 AU/mL and anti-
body geometric mean concentrations exceeded 
those observed in convalescent plasma (286 vs. 39 
AU/mL, respectively). Women and younger sub-
jects had a higher antibody titer; however, BMI 
exerted a strong effect on the ability to induce 
a humoral response72. These preliminary results 
may incite the development of more efficient 
strategies for vaccinated patients with obesity, for 
instance, they might need an additional or higher 
dose of the vaccine. Another study assessing the 
effectiveness of the Moderna mRNA COVID-19 
vaccine did not assess the effectiveness in BMI 
categories73. No published studies have assessed 
the impact of BMI on the effectiveness of the 
adenovirus vector vaccines74.

COVID-19 Pandemic Time Anxiety, Mood 
Disturbances, Emotional Eating (EE) and 
Risk of the Development of Obesity or 
Increase its Severity

The introduction of lockdowns during the 
COVID-19 pandemic has had a positive impact 
on the epidemiological situation; however, it has 
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Table III. Results of studies on the course of COVID-19 in patients with complications of obesity.

	 Author	 Characteristics of population	 Type of the study	 Results

Carrillo-Vega	 10.544 patients with positive 	 Retrospective	 Hypertension increased the risk of
et al62, 2020 	 SARS-CoV-2 (57.68% men) 21.74%	 data released	 hospitalization by 154% (OR 1.54, 95%
	 with hypertension, 20.05% with	 by the	 CI 1.26-1.88), type 2 DM by 214%
	 obesity and 17.65% with type 2 DM	 Epidemiological	 (OR 2.14, 95% CI 1.70-2.69); obesity,
		  Surveillance 	 the coexistence of type 2 DM and
		  System for Vira	 hypertension by 260% (OR 2.60, 95%
		  Respiratory Diseases	 CI 2.04-3.31); type 2 DM and hypertension
		  of the Mexican 	 simultaneously by 185% (OR 1.85, 95%
		  Ministry of Health	 CI 1.34-2.56)
			   hypertension increased the risk of death
			   by 49% (OR 1.49, 95% CI 1.15-1.92), 
			   COPD by 68% (OR 1.68, 95% CI 
			   1.22-2.31), the coexistence of type 2 
			   DM and hypertension by 92% (OR 1.92, 
			   95% CI 1.48-2.49), the coexistence of 
			   obesity and type 2 DM by 206% (OR 2.06,
			   95% CI 1.35-3.12), the coexistence of
			   obesity, hypertension and type 2 
			   DM by 210% (OR 2.1, 95% CI 1.50-2.93)

Bello-Chavolla	 177.133 patients, 51.633 with a	 Retrospective	 Higher mortality risk at early-onset DM
et al63, 2020	 positive test for SARS-CoV-2 	 data from the	 (HR 2.754; 95% CI, 2.259-3.359)
	 (57.7% male, mean age 46.65 ± 	 General Directorate	
	 15.83, 20.7% with obesity)	 of Epidemiology of	
		  the Mexican Ministry	
		  of Health	  

Tchang et al64, 	 3533 patients; 59% male, median	 Retrospective	 The composite outcome increased in
2021	 age 65 (IQR 53-75) years admitted	 cohort study	 subjects with moderate and severe obesity
	 to New York-Presbyterian (NYP)		  (HR 1.43 95% CI 1.13-1.80, p = 0.003 and
	 Weill Cornell Medical Center, 		  HR 1.49 95% CI 1.12-2.00, p = 0.007, 
	 NYP-Queens Hospital, or NYP 		  respectively), with type 2 DM (HR 1.14
	 Lower Manhattan Hospital in 		  95% CI 1.01, 1.30), p = 0.037); and mortality
	 New York City between 1 March to		  (HR 1.19 95% CI 1.02- 1.38, p = 0.024)
	 13 May 2020 with positive 		  Obesity increased risk for ICU admission/ 
	 SARS-CoV-2 test, 32% with type 2		  intubation (HR 1.41 95% CI 1.16-1.71,
	 DM, 36%, with obesity: 12% with		  p = 0.001).
	 obesity and type 2 DM\		  Obesity and type 2 DM increased the risk 
			   of the composite outcome compared to
			   normal-weight subjects (HR 1.34 95% 
			   CI 1.04-1.74), p=0.025), especially 
			   moderate and severe obesity (HR 1.57 95% 
			   CI 1.08-2.28, p= 0.019 and HR 2.00 95%
			   CI 1.26-3.18, p= 0.003, respectively)

Nandy	 16 studies included 3994 patients 	 Systematic review	 Increased risk of a serious event (ICU
et al67, 2020 	 reported outcome of COVID-19	 and meta-analysis	 admission, ARDS, mechanical ventilation, 
			   pneumonia) was observed in patients with: 
			   hypertension (OR 2.95, 95% CI 2.21-3.94, 
			   p < 0.001), type 2 DM (OR 3.07, 95% 
			   CI 2.02-4.66, p < 0.001), cardiovascular
			   disease (OR 4.58, 95% CI 2.81-7.47,
			   p <0.001), COPD (OR 6.66, 95% CI 
			   3.09-14.34, p < 0.001), CKD (OR 5.32, 
			   95% CI 1.86-15.19, p = 0.002) increased
			   risk of mortality in type 2 DM (OR 2.28
			   95% CI 1.40-5.55; p = 0.004)

Continued
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had substantial negative consequences on the 
development of obesity and its complications 
as well as deterioration of mental health and 
social functioning75. Quarantine may contribute 
to weight gain, deterioration of overall health, 
and as a consequence worsen COVID-19 out-
comes76. The increased frequency of anxiety and 
psychological distress was observed in the ear-
ly stages of the pandemic related to becoming 
infected, the health of relatives, and the social 
consequences. Depressive symptoms were more 
frequently observed in women77 who also more 
often demonstrated post-traumatic stress disor-
der symptoms78. In addition, a study performed 
in the USA showed that the later phases of the 
pandemic were also associated with an increased 

risk of mental health problems. Symptoms of 
anxiety or depressive disorder and reporting of 
an unmet mental health care need from August 
2020 to February 2021 increased from 36.4% to 
41.5% and from 9.2% to 11.7%, respectively. This 
was observed more often among people aged 
18-29 years and those with a lower level of edu-
cation, while the percentage of people reporting 
taking prescription medication or receiving coun-
seling for their mental health increased especially 
among people aged 30-39 years (from 23.1% to 
27.1%)79.

Pandemic-related stress activates the hypo-
thalamic-adrenal-pituitary axis (HPA), which 
in turn, increases cortisol levels and decreases 
dopamine levels in the brain’s reward system 

Table III (Continued). Results of studies on the course of COVID-19 in patients with complications of obesity.

	 Author	 Characteristics of population	 Type of the study	 Results

Maas et al68,	 9405 patients with COVID-19,	 Retrospective data f	 Patients with more often required
2020	 45.9% male, 34%) hospitalized and 	 rom 10 hospitals in the	 hospitalization OSA (OR 1.65 95% 
	 9% diagnosed with respiratory	 Chicago metropolitan	 CI 1.36-2.02), and had increased risk of
	 failure	 area, from 1 January to 	 respiratory failure (OR 1.98; 95% CI
		  25 June 25 2020	 1.65-2.37)

Huang	 30 studies; 6452 patients with 	 Meta-analysis	 Type DM 2 increased risk of composite
et al101, 2020 	 COVID-19 and with information 		  poor outcome (RR 2.38 95% CI 1.88-3.03,
	 on DM		  p < 0.001; I2: 62%), mortality (RR 2.12
			   [1.44, 3.11], p < 0.001; I2: 72%), severe 
			   COVID-19 course (RR 2.45 95% CI 
			   1.79-3.35, p < 0.001; I2: 45%), ARDS 
			   (RR 4.64 95%CI 1.86-11.58], p = 0.001; 
			   I2: 9%) and disease progression (RR 3.31
			   95% CI 1.08-10.14], p =0.04; I2: 0%)

Zheng	 13 studies; 3027 patients with	 Meta-analysis	 Increased risk of severe COVID-19 courses
et al102, 2020	 COVID-19		  and mortality in patients with: type 2 DM
			   (OR 3.68 95% CI 2.68-5.03), hypertension
			   (OR 2.72 95% CI 1.60-4.64), cardiovascular
			   disease (OR 5.19, 95% CI 3.25-8.29), 
			   respiratory disease (OR 5.15 95% 
			   CI 2.51-10.57)

Aveyard	 8 256 161 included 193,520 with	 Population cohort	 COPD increased the risk of hospitalization
et al103, 2021	 COPD, 14 271 were admitted to 	 study	 (HR 1.54; 95% CI 1.45-1.63 and was
	 hospital with COVID-19; records		  associated with a 54% higher risk of death
	 from 1205 general practices in 		  due to COVID-19 infection (HR 1.54; 
	 England, January 24 and 		  95% CI 1.42-1.67)
	 April 30, 2020		

Alqahtani	 15 studies; 2473 with COVID-19	 Meta-analysis	 COPD increased risk of more severe course
et al104, 2020	 patients, 2.3% with COPD		  of disease (RR 1.88 95% CI 1.4-2.4) and 
			   mortality (RR 1.10 95% CI 0.6-1.8)

BMI - body mass index, IMV - Intensive mechanical ventilation, OR - odds ratio, UK - the United Kingdom, ICU - Intensive 
Care Unit, COPD - Chronic Obstructive Pulmonary Disease, ARDS - Acute Respiratory Distress Syndrome, OSA - Obstructive 
Sleep Apnea, HR - hazard ratio, RR - relative risk, CI - confidence interval.
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resulting in depressed mood and increased food 
consumption, especially with high sugar, fat, 
and sodium [EE to relieve negative feelings] 
content. Moreover, the negative impact of stress 
on brain areas responsible for self-regulation dis-
turbs behavioral control and disrupts sleep80. In 
addition, reducing energy expenditure as a result 
of mobility restrictions staying at home is a risk 
factor for a positive energy balance. In the Italian 
population, the predictors of EE during lockdown 
were a higher level of anxiety, depression, the 
quality of personal relationships, and the quality 
of life (expressed as a measure that combines the 
quantity and the quality of the personal space at 
home and the family income)81. In addition, in a 
population of 24,968 Norwegians, EE during the 
COVID-19 pandemic was found in 54%, more 
often in women (OR 1.9; 95% CI 1.8-2.0), and in 
younger people (OR 1.3; 95% CI 1.1-1.4). EE was 
strongly related to psychological distress (OR 4.2, 
95% CI 3.9-4.4). Interestingly, EE was strongly 
associated with worries related to the personal 
economic situation (OR 1.7, 95% CI 1.5-1.9) than 
with health (OR 1.3, 95% CI 1.2-1.5)82. The in-
creased prevalence of EE among young women 
during the COVID-19 pandemic was also con-
firmed by another study. It should be noted that 
women with obesity are more frequently emo-
tional eaters than women with normal weight83. 
In addition, a retrospective study showed a higher 
tendency of EE among pregnant women living in 
severely affected Chinese areas of COVID-19 and 
with lower physical activity levels84.

Unfavorable trends in lifestyle behaviors have 
also been demonstrated in Italian children with 
obesity. During the lockdown, increased intake 
of potato chips, red meat, and sugary drinks was 
reported, while the time spent undertaking sports 
activities decreased and sleep time increased85. 
The development of mental health disturbances 
may be a cause of increased alcohol consumption 
which further contributes to weight gain86.

It should also be noted that in people with eat-
ing disorders during the early stages of the pan-
demic, a significant exacerbation of illness symp-
toms such as increased restricting (64.5%), binge 
eating (35.5%), and purging behaviors (18.9%) 
was observed. There is a need to acknowledge 
and monitor the potential long-term effects of 
the COVID-19 pandemic on eating and exercise 
behaviors in the general population, however, it is 
crucial to provide greater psychological support 
to individuals with EE and eating disorders87. To 
help patients, new management strategies and on-

line therapy could be introduced, which can lead 
to more personalized treatment with greater flex-
ibility88. Pharmacotherapy in mental disorders 
and the supportive pharmacotherapy of obesity 
should also be adequately initiated89,90.

Conclusions

Obesity, as a disease with complex patho-
genesis and multiple causes resulting in numer-
ous complications, presents a challenge to the 
health care system, especially during and af-
ter the COVID-19 pandemic. The effects of the 
COVID-19 pandemic and the obesity epidemic 
are two-way. Obesity, via numerous mechanisms, 
worsens the course and prognosis of the SARS-
CoV-2 infection. Conversely, the time of the 
pandemic and limitations related to lockdown 
has increased the EE frequency related to anxiety 
and depression mood which promotes the devel-
opment of obesity. Studies conducted during the 
COVID-19 pandemic have indicated that effec-
tive obesity treatment should be swiftly initiated. 
Six Polish Medical Associations have developed 
guidelines for methods that should be used in the 
treatment of obesity during the COVID-19 pan-
demic90. In addition, the data confirm the need 
to organize efficient obesity treatment systems 
for the sake of not only the individual but also 
society.
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