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Abstract
Background: The coronavirus disease 2019 (COVID-19) pan-
demic has recently led to worldwide research efforts to iden-
tify subjects at greater risk of developing more severe illness: 
overall obesity displayed a strong correlation with critical ill-
ness and major severity of COVID-19 manifestations. Sum-
mary: Obesity and metabolic disorders are closely linked to 
chronic systemic inflammation. The adipose tissue consti-
tutes a source of cytokines, which configure a low-grade in-
flammation and a hypercoagulation status; in addition, diag-
nosis and care of obese patients are often complicated by 
excess weight and ventilation difficulties. Key Messages: 
This review aims to examine the intersection between obe-
sity and adverse outcomes of COVID-19, in order to investi-
gate its preventive and/or therapeutic potential in the man-
agement of obesity-related COVID-19 complications.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Obesity is a fast-growing chronic disease of pandemic 
proportions with a current global prevalence of 39%, 
whose complex pathophysiology is characterized by ex-
cessive hypertrophy and hyperplasia of adipose tissue due 
a chronic imbalanced energy state. Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), responsible 
for COVID-19, has so far infected over 85 million and 
killed over 1.8 million people worldwide. The increased 
hospitalization and mortality linked to COVID-19 are as-
sociated with older age and a number of underlying con-
ditions such as obesity and related comorbidities [1]. 
Obesity seems to increase the risk of both COVID-19 
complications and mortality [2]. The increased risk of 
obese people to develop severe COVID-19 manifesta-
tions can be attributed to multiple potential mechanisms 
(Fig. 1), such as the chronic systemic phlogistic state, the 
dysfunctional and delayed immune response, and even 
the adipose tissue itself, which represents a reservoir for 
the virus.

It has been suggested that alveolar macrophages ex-
pressing angiotensin-converting enzyme 2 (ACE2) are 
the primary target cells for SARS-CoV-2 infection, and 
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these activated macrophages may play a major role in the 
cytokine storm during COVID-19. SARS-CoV-2 gains 
entry into cells (with its transmembrane spike glycopro-
tein) through the ACE2-related carboxypeptidase recep-
tor. The infection by SARS-CoV-2 likely eliminates the 
ACE2/angiotensin (Ang) regulatory axis leading to exag-
geration of the ACE/Ang II/angiotensin type 1 receptor 
activity that directly facilitates ARDS and that is further 
enhanced by MHC-dependent antigen presentation and 
an aggressive inflammatory infiltrate [1]. The level of 
ACE2 expression in adipose tissue is higher than that in 
lung tissue; individuals with obesity have more adipose 
tissue, which ultimately translates into an increased num-
ber of ACE2-expressing cells and, consequently, a larger 
amount of ACE2, so that adipose tissue constitutes a res-
ervoir for SARS-CoV-2 increasing the integral viral load 
[3]. Obesity is characterized by increased activation of the 
systemic and local adipose tissue renin-angiotensin sys-
tem [4]: since the expression of several renin-angiotensin 
system components is increased in adipose tissue of peo-
ple with obesity and Ang II has deleterious effects in mul-
tiple organs, it can be postulated that ACE2 in adipose 
tissue could provide a critical link between obesity and 
the susceptibility to COVID-19, resulting in more detri-
mental outcomes for obese patients.

Adipose tissue is also a source of many pro-inflamma-
tory mediators and hormones. High baseline serum C-
reactive protein (CRP) and interleukin 6 (IL-6) levels, as 

well as hypoadiponectinemia and hyperleptinemia/leptin 
resistance (typical of obesity), elucidate the pre-existing 
inflammatory microenvironment in obese patients, mak-
ing them more susceptible to worse outcomes and even 
fatality. Both excess adipose accumulation and lean mass 
loss (or their synergistic coexistence in case of sarcopenic 
obesity) can affect whole body functioning. These altera-
tions may not only interfere with immunological re-
sponses to the virus but also exacerbate inflammatory re-
actions, worsening respiratory and metabolic distress; ad-
ditionally, in the long term, they could influence time 
required for recovery, risk of long-term disabilities, and 
intensive care unit-acquired weakness, globally increas-
ing the risk of critical illness and death.

Mechanisms of Fat Inflammation in Obesity: 
Adipokine Dysregulation and Cellular Cross Talk

Recent scientific evidence displayed a complex patho-
logical framework around the deregulation of adipocytes 
that is not a simple diet-induced condition [5]. Adipose 
tissue represents an independent endocrine organ, able to 
store the energy provided by food. It releases a great 
amount of bioactive peptides, collectively named “adipo-
kines,” which play a central role in both immunity and 
vascular homeostasis.

Currently, it is well known that adipose tissue produc-
es a huge variety of adipokines involved in the cardiovas-
cular homeostasis, regulation of appetite, and glucose and 
lipid metabolism, among other biological functions. Adi-
pokines have also numerous and complex involvements 
in the management of energy storage and employment 
and multiple cell metabolisms [6]. These molecules reach 
different organs and modulate a wide range of functions, 
from appetite control to inflammatory response [7] and 
can exert pro-inflammatory actions (such as leptin) or 
anti-inflammatory actions, such as adiponectin [8].

Leptin is the leading adipokine, whose anorexigen ac-
tivity modulates satiety and food intake; its blood levels 
are proportionate to the amount of white adipose tissue 
and BMI. Leptin is an essential pulsatile hormone, re-
sponsible for energy homeostasis and numerous neuro-
endocrine functions [9]. It stimulates the migration of 
resident macrophages in the WAT and promotes their 
shift toward a pro-inflammatory profile and unbalances 
lymphocyte Th profiles, by reducing regulatory T cells 
and inducing Th17 polarization [10]. The typical modern 
diet-induced obesity is characterized by hyperleptinemia 
(elevated levels of leptin) and resistance to the body 

Fig. 1. Multiple pathways potentially linking obesity and visceral 
fat to increased severity from SARS-CoV-2 infection and CO
VID-19 disease. CV, cardiovascular; FEV1, forced expiratory vol-
ume; FVC, forced vital capacity; CRP, C-reactive protein; IL-6, in-
terleukin 6.
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weight-reducing effects of leptin [11]. Leptin resistance 
upsets the endothelial leptin signaling, predisposing to 
atherogenesis in obese subjects, and it is responsible for 
the pro-inflammatory microenvironment, often leading 
to cardiovascular complications [12].

Adiponectin is another adipokine, whose blood level 
correlates negatively with the amount of adipose tissue 
[13]: it increases in proportion to subcutaneous fat but 
decreases with visceral fat accumulation. Leptin promotes 
insulin sensitivity and fatty acid oxidation and reduces he-
patic neoglucogenesis [14]: low adiponectin levels are as-
sociated with numerous obesity-related metabolic diseas-
es [15]. It is an anti-inflammatory hormone, inversely 
linked to CRP and IL-6 levels in obese individuals: low 
adiponectin levels are associated with elevated inflamma-
tory mediators. Adiponectin promotes lymphocyte Th1 
polarization and antiviral inflammation. Other adipo-
kines, such as lipocalin-2, downregulate inflammatory Th 
polarization and regulatory lymphocytes. Clinical studies 
displayed a significant reversal of adiponectin, CRP, and 
IL-6 levels after bodyweight reduction in obese individu-
als [16]. This reciprocal interrelation of pro-inflammatory 
and anti-inflammatory adipokines and their imbalance 
contribute to the development of obesity-related metabol-
ic and cardiovascular disorders [17–19]. Adipokines, in-
volved in the pathogenesis of inflammation and insulin 
resistance, are overproduced with increasing adiposity 
and dysregulated in obesity (anti-inflammatory adipo-
kines, such as adiponectin, decrease and pro-inflammato-
ry ones, such as TNF-α, and IL-6, increase), thus promot-
ing metabolic complication. Two signaling pathways are 
activated by the pro-inflammatory cytokines in obesity: 
the nuclear factor-kB (NF-kB) and the c-Jun NH2-termi-
nal kinase (JNK) pathway, which downregulate the anti-
inflammatory transcription factors thus propagating in-
flammatory processes [20]. Adipocyte hypertrophy is 
linked to altered intracellular signaling: enlarged omental 
adipocytes resulted to be hyperresponsive to TNF-α with 
an increased constitutive NF-kB activity, thus leading to 
adipokine overproduction [21]. Another crucial step in 
increased obesity-related inflammation is the massive in-
filtration of adipose tissue by phogosis mediators: mono-
cyte chemoattractant protein-1 (MCP-1), whose circulat-
ing levels are elevated in obese, recruits monocytes and 
macrophages into the adipose tissue as well as into the 
arterial vessel wall. This process can contribute to cardio-
vascular events, which represent a frequent complication 
in COVID-19 patients. The cross talk between different 
cells and the molecular mediators of adipokine overpro-
duction act synergistically. Additional mechanisms, such 

as oxidative stress [22] and hypoxia, seem to have a role in 
the obese pro-inflammatory microenvironment. Adipose 
tissue hypoxia seems to be due to hypoperfusion of the 
rapidly expanding fat mass, where oxygen partial pressure 
and blood flow decrease [23]. This local hypoxia decreas-
es the mRNA levels of adiponectin, while increasing those 
of pro-inflammatory genes (PAI-1, TGF, TNF-α, IL-1, IL-
6, and MCP-1) as well as those of hypoxia response genes 
(HIF-1, glucose transporter 1, and VEGF): these events 
exacerbate the inflammatory response in adipose tissue 
and contribute to obesity-related complications. Unlike 
subcutaneous fat, whose expansion is hyperplasic and not 
linked to low-grade inflammation [24], visceral fat accu-
mulation (the so-called “abdominal obesity” or “central 
obesity”) is usually marked by an impaired profile of adi-
pokines, with increased pro-inflammatory signals. Most 
adipokines with pro-inflammatory properties (such as 
leptin, resistin, osteopontin, and chemerin) are overpro-
duced with increasing adiposity, while others with anti-
inflammatory or insulin-sensitizing properties (such as 
adiponectin, ghrelin, and lipocalin-2) are decreased.

A further relevant group of adipokines is represented by 
acute phase reactants (CRP, serum amyloid A, plasminogen 
activator inhibitor-1, and haptoglobin) and damage-associ-
ated molecular pattern molecules (alarmin tenascin C, cal-
protectin, heat shock proteins, and HMGB1) that enhance 
the inflammatory status typical of obesity [25]. This dys-
regulation of adipokine secretion promotes inflammatory 
responses, metabolic dysfunction, and subsequent obesity-
linked complications. Additionally, an impairment of the 
immune system may be present due to the dysregulation of 
the factors produced by adipose tissue. The trigger of this 
dysfunction could be the metabolic stress due to both nutri-
ent excess and hypoxic stress determined by hypertrophic 
visceral adipocytes because of increased cell size and low 
neovascularization [26], via a mobilization of hypoxia-in-
ducible factor 1. The chronic low-grade inflammatory state 
in obesity has been confirmed by high baseline CRP in over-
weight individuals [27, 28]. A Korean multicentric study 
evaluated the correlation between high-sensitivity CRP and 
sarcopenic obesity: CRP resulted to be significantly higher 
in obese patients in comparison with the normal weight 
control group [29].

Endothelial Activation and Prothrombotic Substrate

COVID-19 is associated not only with dysregulated 
inflammation but also with augmented coagulation and 
thrombotic accidents, which were extensively found in 
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infected patients [30]. In numerous ARDS patients, ve-
nous thromboembolism and thrombocytopenia, renal 
failure, and disseminated intravascular coagulation have 
often been reported. In situ thrombi were found in pul-
monary arteries and in other organs, including the liver 
and kidneys, in subjects who died of COVID-19 [31]. A 
systematic literature review [32] included 151 autopsies 
(age range was between 27 and 96 years), 91 of which pre-
sented microthrombi: 73% in the lung, 24% in the kidney, 
16% in the liver, and 11% in the heart. The patients with 
microthrombi had more comorbidities such as arterial 
hypertension (62%), obesity or overweight (64%), cardio-
vascular disease (53%), and diabetes mellitus type 2 (51%). 
The most common histopathological modifications 
found in patients with lung microthrombosis were dif-
fuse alveolar damage in exudative, pulmonary embolism, 
and lung infarct. These results show that microthrombi 
in COVID-19 autopsies can be found (especially in pres-
ence of comorbidities) in different organs. These autopsy 
findings propose the hypothesis that widespread endo-
thelial hyperactivation in COVID-19 can trigger throm-
botic events, with intra-alveolar deposits of fibrin and ac-
tivated leukocytes contributing to respiratory failure [33]. 
The damage/hyperactivation of endothelial cells results 
in intracellular signaling pathways leading to the genera-
tion of cell adhesion molecules (circulating soluble inter-
cellular/vascular adhesion molecules and E-selectin are 
increased in obese adults and decreased after weight loss), 
adipokines, and pro-inflammatory cytokines, which ad-
dress inflammatory cells to the endothelium and underly-
ing tissues [34]. The enhanced adhesion of monocytes to 
the endothelium and diapedesis of macrophages through 
the endothelial cell junctions into the adipose tissue [35] 
can be directly involved in thrombosis. Additionally, 
both endothelium and adipose tissue generate plasmino-
gen activator inhibitor-1, whose increased levels (mostly 
induced by TNF-α, thrombospondin-1, and oxidative 
stress) typical of obesity can determine hypofibrinolysis, 
thus configuring a prothrombotic state [36] and contrib-
uting to the poor prognosis of these patients [37, 38].

Clinical Course and Outcome among Obese 
COVID-19 Patients

In a study involving >3,000 COVID-19 patients, with 
307 obese subjects younger than 60 years, individuals 
with a BMI between 30 and 34 kg/m2 were 2 times more 
likely to be admitted to acute care and 1.8 to be admitted 
to critical care for ARDS compared with those with a BMI 

below 30 kg/m2. Likewise, younger patients with a BMI of 
35 kg/m2 or higher were 2.2 times more likely to be admit-
ted to acute and 3.6 to be admitted to critical care than 
patients in the same age category who had a BMI below 
30 kg/m2 [39]. Consistently, a study evaluating 781,000 
young adults aged 18–34 years hospitalized with CO
VID-19 found a substantial rate of adverse outcomes: 
21% required intensive care, 10% required mechanical 
ventilation, and 2.7% died. This in-hospital mortality rate 
is lower than that reported for older adults with COV-
ID-19, but approximately double than that of young 
adults with acute myocardial infarction. Severe obesity, 
hypertension, and diabetes were common and associated 
with greater risks of adverse events. Young adults with >1 
of these conditions faced risks comparable with those ob-
served in middle-aged adults without them [40]. Similar 
results are available in an older population with a mean 
age of 60 years [41], were 47% of subjects admitted to the 
ICU had a BMI above 30 kg/m2, whilst 28% of them were 
above 35 kg/m2. The proportion of patients who required 
invasive mechanical ventilation increased with BMI cat-
egories, and it was the greatest in patients with a BMI 
above 35 kg/m2 [41].

A recent retrospective cohort study [42] examined the 
correlation between different adiposity indexes and chest 
X-ray severity score in 215 COVID-19 hospitalized sub-
jects and evidenced higher chest X-ray severity scores and 
higher rates of chest X-ray severity scores in individuals 
with abdominal obesity in comparison with patients 
without abdominal obesity. Waist circumference and 
waist-to-height ratio correlated more directly with chest 
X-ray severity scores than BMI: a multivariate analysis 
indicated abdominal obesity, bronchial asthma, and oxy-
gen saturation at admission as independent factors linked 
to high chest X-ray severity scores. Therefore, waist cir-
cumference should also be measured in SARS-CoV-2-in-
fected subjects, and those with abdominal obesity should 
be closely monitored.

Another very recent international multicenter retro-
spective meta-analysis extracted data from health care  
records and regional databases of hospitalized adult pa-
tients with COVID-19 from 18 sites in 11 countries [43]. 
The odds of outcomes, such as supplemental oxygen/
noninvasive ventilatory support, invasive mechanical 
ventilatory support, and in-hospital mortality, were mod-
eled by the BMI category, adjusting for age, sex, and pre-
specified comorbidities. Among over 7000 patients 
(65.6% overweight/obese), those with overweight were 
more likely to require oxygen/noninvasive ventilatory 
support and invasive mechanical ventilatory support. 
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There was no association between overweight and in-
hospital mortality. Similar effects were observed in pa-
tients with obesity or diabetes. According to these results, 
in adults hospitalized with COVID-19, overweight, obe-
sity, and diabetes were associated with increased odds of 
requiring respiratory support; however, in patients with 
diabetes, the odds of severe COVID-19 were not in-
creased above the BMI-associated risk.

More specifically, overweight women with polycystic 
ovary syndrome (PCOS) have recently been highlighted 
as an overlooked and potentially high-risk population for 
COVID-19 complications. A population-based study 
[44] identified 21,292 women with a coded diagnosis of 
PCOS and randomly selected 78,310 aged and general 
practice matched control women. Results revealed a 52% 
increased risk of COVID-19 infection in women with 
PCOS, which remained increased at 28% above controls 
after adjustment for age, BMI, and impaired glucose reg-
ulation. The increased cardiometabolic risk in PCOS 
translates into a higher risk of COVID-19 complications, 
thus defining a distinct subgroup of women at increased 
risk of adverse COVID-19-related outcomes.

Conclusion

An extremely complex framework and additional obe-
sity-related clinical features (such as tachypnea, minor 
lung capacity, reduced chest wall compliance, and aber-
rant respiratory muscle adaptations) may lead to severe 
respiratory failure requiring mechanical ventilation in 
obese COVID-19 patients. The low-grade chronic in-
flammatory state in obese people, as indicated by raised 
baseline serum levels of CRP, TNF-α, and IL-6 (positive-
ly correlated with BMI, waist circumference., and viscer-
al adipose tissue), is responsible for initiating the cytokine 
storm in COVID-19 patients and can determine numer-
ous underlying pathological situations and complica-
tions. Adipose tissue contains not only adipocytes (with 
significant intrinsic inflammatory properties) but also 
monocytes, macrophages, vascular components, and oth-
er cells contributing to inflammation. Additionally, adi-
pocytes express many receptors that are sensitized by in-
fectious agents, thus activating cytokine-mediated signal 
transduction cascades and releasing pro-inflammatory 
cytokines and acute phase reactants. In this established 
association between BMI-based obesity and severe course 
of COVID-19, body fat distribution seems to be crucial, 
with visceral adipose tissue significantly raising the pos-
sibility of a more severe course of COVID-19. The recog-

nized interrelation between obesity and severe cases of 
COVID-19 supports the importance of instruments for 
risk assessment, not only BMI but also evaluation of 
waist-to-height ratio, waist circumference, and body 
composition with bioelectrical impedance analysis (which 
can evaluate lean and fat mass in physiologic and patho-
logical conditions) [45, 46]: a quantification of visceral 
adipose tissue and upper abdominal circumference could 
help to phenotype and stratify younger individuals with 
visceral obesity at higher risk of COVID-19 morbidity 
and mortality, thus representing a promising strategy for 
risk assessment in COVID-19 patients. People worldwide 
should be encouraged to improve their lifestyle in order 
to reduce risks both in the current and subsequent waves 
of COVID-19.

Additional therapeutic and nutritional interventions 
focused on adipose tissue, such as medications/supple-
ments contrasting the inflammatory state of obese pa-
tients, could decrease the risks of developing the severe 
form of COVID-19: obese individuals, as well as other 
subjects with abnormal body composition, could require 
tailored medical dietotherapy, in order to improve both 
short- and long-term COVID-19 outcomes.
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