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Abstract
COVID-19, an acute respiratory disease caused by SARS-CoV-2, has rapidly become a pandemic. On the other hand, obesity 
is also reaching dramatic dimensions and it is a risk factor for morbidity and premature mortality. Obesity has been linked 
to a high risk of serious-associated complications to COVID-19, due to the increased risk of concomitant chronic diseases, 
which highlights the health public relevance of the topic. Obese subjects have a pro-inflammatory environment, which can 
further exacerbate COVID-19-induced inflammation and oxidative stress, explaining the increased risk of serious compli-
cations in these patients. Another factor that favors infection in obese patients is the high expression of ACE2 receptors in 
the adipose tissue. The negative impact of COVID-19 in obesity is also associated with a decrease in respiratory function, 
the concurrence of multiple comorbidities, a low-degree chronic inflammatory state, immunocompromised situation, and 
therefore a higher rate of hospitalization, mechanical ventilation, in-hospital complications such as pneumonia, and death. 
In this review, the link between obesity and COVID-19 was analyzed, exploring the potential common mechanisms in both 
diseases, with special attention to oxidative stress and inflammation, due to the crucial role of both pathways in the develop-
ment of the disease.
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Introduction

COVID-19, an acute respiratory disease caused by the 
coronavirus SARS-CoV-2, emerged in December 2019 in 
a market in Wuhan (Hubei, China), which rapidly turned 
this a pandemic affecting the vast majority of the coun-
tries of the world [69]. The available evidence indicates 
that SARS-CoV-2 had its origin in processes of natu-
ral selection [4]. The significant transmissibility of this 

Julio Ochoa and Javier Díaz-Castro are both co-senior authors.

Key points   
• Recent findings reveal a high risk of COVID-19 in obese 
subjects.
• Obesity could exacerbate COVID-19-induced inflammation and 
oxidative stress.
• Obesity has been associated with a higher risk of significant 
COVID-19-related consequences.
• Obesity and COVID-19 share some comorbidities and that 
predispose to high morbidity and mortality.

 *	 Jorge Moreno‑Fernandez 
	 jorgemf@ugr.es

 *	 Julio Ochoa 
	 jjoh@ugr.es

1	 Department of Physiology, University of Granada, Granada, 
Spain

2	 Institute of Nutrition and Food Technology “José Mataix 
Verdú”, University of Granada, Avenida del Conocimiento 
s/n, , 18071 Armilla, Granada, Spain

3	 Department of Biochemistry and Molecular Biology, Faculty 
of Pharmacy, University of Seville, Seville, Spain

4	 Instituto de Investigación Biosanitaria (IBS), 18016 Granada, 
Spain

5	 Department of Physiology, University of Seville University, 
Seville, Spain

http://orcid.org/0000-0001-9690-7851
http://crossmark.crossref.org/dialog/?doi=10.1007/s13105-022-00887-4&domain=pdf


582	 J. Moreno‑Fernandez et al.

1 3

new coronavirus and the high mortality associated with 
COVID-19, in addition to the lack of effective pharmaco-
logical treatment, have turned this disease into a serious 
health problem worldwide [1]. As of May 4, 2020, 184 
affected countries had been reported, with 396.558.014 
confirmed cases and 5.745.032 deaths [82].

Obesity, on the other hand, is reaching pandemic pro-
portions in the world population, and it is a risk factor 
for morbidity and premature death [35] with numerous 
and detrimental repercussions for health and quality of 
life [78]. Obesity is considered a risk factor for numer-
ous chronic conditions such as type 2 diabetes, hyperten-
sion, dyslipidemia, cardiovascular diseases, stroke, sleep 
apnea and cancer [78].

Obesity, age over 65 years, sex (male), smoking, dia-
betes, respiratory and cardiovascular diseases have been 
identified as major risk factors for severe complications 
of COVID-19 [42, 89]. One of the first reports that evalu-
ated the risk factors for severe disease, found a preva-
lence of 20% diabetes and 30% high blood pressure in 
patients diagnosed with SARS-CoV infection [90]. Like-
wise, obesity has been linked to serious complications 
associated with COVID-19, due to the increased risk of 
concomitant chronic diseases [41]. Previous studies have 
shown the close relationship between similar viruses 
such as influenza and obesity, where patients with body 
mass index (BMI) > 40 kg/m2 have higher risk of suf-
fering complications from this viral pathology [7, 39, 
54]. In this sense, hence during the 2009 H1N1 flu pan-
demic, obesity was recognized as an independent risk 
factor [53].

The World Obesity Federation warns that health sys-
tems are not prepared to deal with the growing number 
of obese patients and that the COVID-19 pandemic will 
further expose their limitations (World Obesity Federa-
tion, 2020). Patients with high BMI could present com-
plications at the time of intubation, due to difficulties 
in diagnostic images. It is possible that the equipment 
necessary to care for these patients is available only in 
some hospitals or specialized units to treat these patients. 
Obese patients may also have difficulties in the prone 
position necessary during the treatment of acute respira-
tory syndrome due to COVID-19 [33].

The concomitance of the COVID-19 and obesity pandem-
ics worldwide highlights the health public relevance of the 
topic. An increasing amount of scientific literature reveals the 
close link between obesity, clinical symptoms and the patho-
logical evolution of COVID-19. This review explores the link 
between obesity and COVID-19, exploring the potential com-
mon mechanisms in both pandemics, with special attention to 
oxidative stress and inflammation, due to the crucial role of 
both pathways in the development of the disease.

Changes in the respiratory system due 
to the obesity

Obesity (diagnosed by a BMI equal or higher than 30 kg/
m2) represents the main risk factor for severe outcomes 
of COVID-19. However, in a recent prospective study 
performed in 6.9 million people in England, the authors 
found that at a BMI of more than 23 kg/m2, there was an 
increased risk admission to hospital, admission to inten-
sive care units and death [30]. In addition, obesity has 
a very marked impact on respiratory function and gas 
exchange and plays a key role in diseases such as asthma, 
sleep apnea–hypopnea syndrome, obesity-hypoventila-
tion syndrome and pneumonia [60]. In a study of 148.494 
adults in the USA with COVID-19, conducted by Kom-
paniyets et al. [46], discovered a nonlinear relationship 
between IMC and COVID-19 severity, with lower risks in 
BMI around the umbral between healthy weight and obe-
sity in the majority of cases, and then increasing with a 
higher BMI. Overweight and obesity were both risk fac-
tors for invasive mechanical ventilation, and obesity was 
found to be a risk factor for hospitalization and death, 
particularly among those under the age of 65.

The chronic inflammatory state associated with obe-
sity can be responsible of some of these deleterious 
changes and can potentiate and aggravate the immune 
response against viral infection [73]. Obesity has a nega-
tive influence on ventilatory mechanics because it affects 
the elastic resistance of the rib cage, decreases func-
tional residual and total lung capacity which predispose 
to breathing difficulties. It is known that lung volumes 
and increased elastic tension in the rib cage decrease 
the effectiveness or function of the airways [70]. There 
is a proportional and dependent relationship between 
the subject's BMI and pulmonary elastic resistance. In 
this sense, obese patients present a rapid adaptation to 
shallow breathing to the increase in fatty depots in the 
chest area [64]. This type of shallow breathing increases 
ventilatory requirements and oxygen consumption [34]. 
In addition, obesity can cause muscular hypertrophy sec-
ondary to the increased exertion of breathing caused by 
mechanical overload, which causes muscular dysfunction 
with increased activity of the diaphragm [57]. Control of 
respiratory centers in obese subjects is also not homo-
geneous. In some individuals, increased breathing rate 
alters the response of the respiratory center to hypercap-
nia and hypoxemia. There is a high occlusion pressure 
in obese patients, which reflects the state of the central 
respiratory impulse, as a consequence of the increase in 
elastic resistance of the thorax [51].

Additionally, obesity is one of the main risk factors for 
the development of obstructive sleep apnea syndrome, 



583Inflammation and oxidative stress, the links between obesity and COVID‑19: a narrative review﻿	

1 3

characterized by recurrent obstruction/collapse of the upper 
airways, with resulting reduction in airflow, intermittent 
hypoxia and frequent awakening during sleep [64].

Some studies suggest that obesity could be a very impor-
tant risk factor in young patients [31]. A study of 3,615 
patients reported that obesity is significantly related to 
intensive care units (ICU) and hospital admissions among 
patients under 60 years of age [50]. Moreover, another 
study demonstrated a higher prevalence of obesity among 
young patients (59% in the 18–49 years group, 49% in the 
50–64 years group and 41% in the ≥ 65 years group) on 
admission [31].

Immune response and obesity 
during COVID‑19

COVID-19 infection presents a great diversity of manifesta-
tions, the most serious of which are respiratory symptoms. 
The key factor in the severity and lethality is the presen-
tation of pneumonia with “cytokine release syndrome” or 
“cytokine storm.” The main mechanism of this syndrome 
is the infiltration of inflammatory cells, T cells and mac-
rophages, attracted by the massive release of cytokines 
[71]. Patients with COVID-19 present a marked increase in 
interleukin 1β (IL-1β), interferon γ (IFN-γ), protein induc-
ible by interferon 10 (IP-10) and monocyte chemoattractant 
protein-1 (MCP-1) [52].

Obesity, on the other hand, is considered a moderate form 
of chronic inflammation, and interleukins can affect fat cell 
function in a variety of ways. TNF-, IL-1, IL-6 and MCP-1 
are pro-inflammatory interleukins that are elevated in obese 
people and cause insulin resistance as well as cardiovascular 
and respiratory issues in patients with obesity [15] (Fig. 1).

Additionally, obesity leads to adipose tissue expansion 
and dysfunction, triggering the release of pro-inflammatory 
adipokines or adipocytokines [68]. Chronic inflammatory 
response and the adipose tissue are intricately linked in the 
immune system [20]. Adipose tissue (AT) performs various 
functions within the immune system, especially as part of the 
innate immune response [67]. AT cells population includes 
not only of adipocytes, but also macrophages, fibroblasts 
and lymphocytes. Lymphocytes present in AT could be the 
orchestrators of the inflammatory response of this tissue 
[26]. Adipocytes are sensitive to various infectious agents 
through Toll-like lipopolysaccharide receptors (TLRs) [80]. 
This inflammatory environment, together with the lack of 
T-helper lymphocytes, causes failure in immune homeosta-
sis, which potentiates the spread of the viral infection.

The adipocyte acts as an endocrine organ and therefore 
plays an important role in the pathogenesis, evolution and 
complications of obesity. The adipocyte is known for the 
production of various adipocytokines such as adiponectin, 

leptin, resistin, visfatin, adipsin, apelin, omentin, TNF-α, 
IL-6 and retinol-binding protein 4 (RBP-4) [77]. Serum lep-
tin levels can predict obesity-hypoventilation syndrome bet-
ter than BMI and are also related to sleep apnea–hypopnea 
syndrome. Intermittent hypoxemia has been shown to be a 
potent stimulant of leptin release, regardless of the degree 
of obesity. Leptin also appears to be connected to the pro-
inflammatory T-helper 1 (Th1) response, body composition 
and energy balance. Leptin promotes the proliferation and 
activation of peripheral mononuclear cells, as well as the 
production of Th1-type cytokines like IL-2 and IFN-γ, by 
lymphocytes, and it is implicated in the production of pro-
inflammatory cytokines by circulating monocytes (including 
IL-6 and TNF-α). Similarly, leptin suppresses memory T 
lymphocyte development while boosting the amount of B 
lymphocytes [77]. Patients with obesity exhibit high expres-
sion levels of several components for SARS-CoV-2 host cell 
entry (ACE2, CD147, DPP4 and neuropilin-1) and the spike 
protein processing enzyme (FURIN) in the visceral adipose 
tissue [29], and it also has been suggested that AT could 
serve as a reservoir for the virus [45].

Another commonality between COVID-19, obesity and 
immunity is vitamin D in the patients. In obese patients, 
vitamin D deficiency is high, increasing the risk of systemic 
infections and affecting the immune response [10]. Vita-
min D supplementation, on the other hand, can alleviate or 
prevent respiratory infections by limiting the generation of 
pro-inflammatory cytokines by the innate immune system, 
lowering the chance of a cytokine storm that leads to pneu-
monia [59]. Consequently, studies reported that vitamin D 
insufficiency may be linked to obesity and increased vulner-
ability to COVID-19-related morbidity and mortality [36]. 
Intestinal dysbiosis is another key feature of obesity, and it 
may play a role in the increased risk of severe COVID-19 
infections [3, 23]. Obesity is linked to intestinal dysbiosis, 
which is necessary for the host's immune system to function 
properly and to guard against infection. Furthermore, the 
gut microbiome plays a role in preventing infection-related 
harm. In fact, certain COVID-19 therapy procedures incor-
porate the use of probiotics to preserve gut microecology 
balance and, as a result, indirectly enhance the immune sys-
tem [78].

Inflammation and oxidative stress

Obesity, persistent low-level inflammation and oxidative 
stress are all tightly connected. Fat storage causes adipocyte 
expansion, which results in adipose tissue hypoxia and the 
release of high quantities of inflammatory cytokines. Dur-
ing SARS-CoV-2 infection, an important mechanism linking 
the cytokine storm and organ damage is cell death. Several 
proteins of the SARS-CoV-2 can induce inflammatory cell 
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death, which engages three programmed cell death path-
ways: pyroptosis, apoptosis and necroptosis [49]. Interest-
ingly, the viral spike protein subunit S1 triggers pyroptosis, 
apoptosis and necroptosis in human visceral adipocytes. 
Thus, patients with obesity might increase their COVID-19 
susceptibility due to increased adipose tissue expression of 
SARS-CoV-2 receptors and the amplification of viral protein 
S1-induced inflammatory cell death in visceral adipocytes 
[29]. A key aspect of adipose tissue-based inflammation is 
the reciprocal modulation of pro-inflammatory and anti-
inflammatory adipocytokines. [19].

Adipocyte hypoxia promotes cell necrosis, which 
attracts macrophages and other phagocytic cells [63] and 
produces an environment that encourages inflammation to 

persist in the adipose tissue [86]. Increased quantities of 
visceral adipose tissue cause the portal venous system to 
transfer more inflammatory adipocytokines and free fatty 
acids to the liver. These factors may increase the synthesis 
of C reactive protein (CRP) in the liver. As a result, in the 
context of obesity, the liver is an important secondary site 
of inflammation [76].

Cellular lipid loading may cause oxidative stress in adipo-
cytes, triggering and perpetuating the inflammatory cascade. 
It has been claimed that this process is influenced not just 
by the amount of fat consumed, but also by the type of fat 
consumed. Given their proximity to inflammatory pathways, 
lipid mediators, particularly arachidonic acid-derived eicosa-
noids, are the leading suspects in this process. [44]. Several 

Fig. 1   Obesity induces immune pathophysiologic modifications, 
increasing susceptibility to SARS-CoV-2 infection. Abbreviation: 
TNF-α: tumor necrosis factor-alpha; Interleukins: IL; MCP-1: mono-

cyte chemoattractant protein-1; RBP-4: retinol-binding protein 4; 
ACE2: angiotensin-converting enzyme 2
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adult studies have found a possible relationship between 
food, adipose tissue fatty acid content and obesity. [2, 83]. 
Clinical studies of obese people have found a link between 
adipokine levels in the blood and markers of inflammation 
and/or oxidative stress. [79].

Adiposity, insulin resistance and metabolic syndrome 
have all been linked to oxidative stress, suggesting that 
it may be an early event in the pathophysiology of these 
chronic diseases. Furthermore, a number of studies have 
linked total body fat and waist circumference to oxida-
tive stress-induced endothelial dysfunction, as well as, 
more recently, vascular endothelial cell NADPH oxidase 
activity [9].

The state of inflammation and oxidative stress appear to 
have a significant impact on obesity. Thus, obesity is asso-
ciated with the activation of inflammatory cytokines such 
as TNF-, IL-6 and inflammatory-related molecules such as 
NF and other transcription factors, either as a cause or as 
a result of obesity. Overproduction of glucocorticoids in 
obese people has also been linked to the obesity–inflamma-
tion interaction. The involvement of the inflammasome in 
obesity could explain some of the negative metabolic aspects 
associated with the increase in adipose tissue and the link-
ages between pro-inflammatory resources and metabolic 
stress. Overproduction of glucocorticoids in obese people 
has also been linked to the obesity–inflammation interac-
tion. The involvement of the inflammasome in obesity could 
explain some of the negative metabolic aspects associated 
with the increase in adipose tissue and the linkages between 
pro-inflammatory resources and metabolic stress. In addi-
tion, genetic variants linked to individual vulnerability to 
obesity, inflammation and oxidative stress have been discov-
ered through gene–environment interactions research. The 
importance of carrying single-nucleotide polymorphisms 
(SNPs) on genes that influence both obesity and inflamma-
tion, such as PPAR and IL-6, is being investigated in order 
to confirm the mutual impact of inflammation and oxidative 
state on obesity [9].

Oxidative stress, obesity and COVID‑19

In COVID-19 metabolic obese patients, clinical and bio-
chemical tests revealed that IL-6 was significantly elevated, 
and CRP was favorably connected with waist-to-hip ratio 
[17]. Overactivation of the complement system, which is an 
essential host mediator of virus-induced illnesses and exac-
erbates inflammation, is also linked to excess adiposity [81]. 
Furthermore, those with obesity have a higher prevalence of 
vitamin D deficiency, which has been related to a variety of 
inflammations, infections and lung disorders, and it can also 
raise the risk of systemic infections and harm the immune 
system. Obesity could become a risk factor for cytokine 

storm if they work together [87]. In this sense, obesity is 
linked to chronic low-grade inflammation, immunological 
dysregulation and an increase in free fatty acids and glucose 
levels in the blood, which leads to an increase in acetyl-CoA 
concentration, which increases electron donor production 
(NADH) in the tricarboxylic acid cycle. [55]. When excess 
NADH cannot be eliminated by oxidative phosphorylation 
(or other mechanisms), the mitochondrial proton gradient 
rises and electron transfer to oxygen rises, resulting in the 
formation of free radicals (especially superoxide anion) and 
oxidative stress. [56].

In severe cases, when SARS-CoV-2 invades the respira-
tory epithelium, produces an amplified inflammatory reac-
tion that generates reactive oxygen species (ROS) such as 
superoxide, hydrogen peroxide and ozone which are highly 
oxidant molecules potentially capable of damaging cell 
membrane lipids, cytoplasmic proteins and nuclear DNA, 
producing cell necrosis and lysis [8]. Patients with moder-
ate and severe COVID-19 frequently experience respiratory 
distress, which is commonly alleviated by oxygen therapy 
but can lead to oxidative stress and ARDS. Hyperoxia has 
been found to cause ROS production in mitochondria, which 
inhibits oxidative phosphorylation and lowers ATP levels 
[16]. Monocytes and macrophages are thought to play a 
key role in the inflammatory processes that precede severe 
COVID-19 infection [62]. These immune cells produce a 
lot of pro-inflammatory cytokines (IL-1, IL-6, TNF, IL-8), 
which is typical of COVID-19 patients who are critically ill 
[15, 61, 88].

Inside the host cell, its viral replication process 
begins, the viral RNA is released into the cytoplasm. 
The new virions are released from the host cell by exo-
cytosis and other cells of the respiratory epithelium will 
be invaded [74]. As a consequence of this infection, an 
immune response modulated by the inflammatory pro-
cess and oxidative stress occurs [43], which is more exac-
erbated in obese patients [47].

In addition, SARS-CoV-2 induces oxidative stress in the 
host cell and this mechanism can be used by the virus to 
increase replication and modify cell biochemistry for its ben-
efit [75]. SARS-CoV-2 infection triggers the production of 
ROS which induces the stabilization of hypoxia-inducible 
factor 1α (HIF-1α) and the action of this factor inhibits the T 
cell response and reduces epithelial cell survival. Likewise, 
cells infected by SARS-CoV-2 adapt their metabolism after 
infection and become highly glycolytic, which facilitates the 
replication of the virus [18].

It has been proposed that in patients with SARS-CoV-2, 
oxidative stress is associated with coagulopathy and cellular 
hypoxia [13]. Since oxidative stress is the link of all known 
mechanisms for viral infection, including SARS-CoV-2, 
the use of antioxidants, such as glutathione (GSH), can 
have a positive effect on the recovery of patients with viral 
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infections. Other compounds such as vitamin E, vitamins C, 
D and selenium, chelating agents that form complexes with 
iron (deferoxamine), NF-κB inhibitors (NSAIDs, dexameth-
asone, curcumin, gingerol, etc.), polyphenols, Nuclear factor 
erythroid 2-related factor 2 (Nrf2) activators (curcumin, res-
veratrol) and the use of specific pro-inflammatory cytokine 
inhibitors and anticoagulants [22, 75] can also be used in the 
management of viral infections. NF-κB inhibitor drugs, such 
as caffeic acid phenethyl ester (CAPE), that inhibit NF-κB 
activation have been found to reduce SARS-CoV-2 inflam-
mation in mice [21].

GSH is the most essential antioxidant defense in the 
lungs and is the principal antioxidant agent in mammals. 
[12]. When the balance between GSH and GSSG is dis-
rupted by increased ROS, a more oxidative environment 
oxidizes the proteins that control the activation and localiza-
tion of transcription factors like Kelch-like ECH-associated 
protein-1 (KEAP-1), which regulates Nrf2, and IB, which 
regulates NF-B, activating the anti-inflammatory pathway 
and inactivating the inflammatory pathway, activating the 
anti-inflammatory pathway and inactivating the inflam-
matory pathway [84]. In this way, the cell controls oxida-
tive stress, however, in viral infections, KEAP-1) remains 
bound to Nrf2, causing its degradation via ubiquitination 
in the proteasome, or degrading it by non-canonical routes 
independent of KEAP-1 [65]. Coronavirus infections lead 
to alterations of the redox balance in infected cells through 
modulation of NAD + biosynthesis. Therefore, SH group 
donor molecules, Nrf2 activators and NF-κB inhibitors are 
potential therapeutic options for infection by RNA viruses, 
including SARS-CoV-2. This therapeutic approach has been 
reported to reverse severe symptoms due to different viruses 
and SARS-CoV-2 [40]. RNA viruses require the active 
NF-κB pathway within host cells in order to replicate and 
SARS-CoV-2 is no exception, therefore drugs that inhibit 
NF-κB activation potentially reduce viral replication. The 
results obtained in the study of Checconi [14] suggest that 
reducing oxidative stress is a viable strategy in the man-
agement of viral infections. By modulating redox-sensitive 
pathways, the immune response can be regulated and control 
viral infection, an aspect that has been studied in the context 
of a wide variety of viruses, including SARS-CoV-2 [14].

Comorbidities associated with obesity 
and COVID‑19

Obesity not only has an impact on mortality, but is also a 
risk factor for the presentation of severe clinical manifes-
tations such as acute respiratory distress syndrome [11, 
38] the need for invasive ventilation [73] or admission 
to the ICU [50] (Fig. 2). On the other hand, Hajifathal-
ian et al. [38] and Cai et al. [11] reported a higher risk 

of developing respiratory distress compared to non-obese 
patients. Another important comorbidity associated with 
obesity and COVID-19, is nonalcoholic fatty liver disease 
(NAFLD) [58]. The liver of patients with obesity and 
biopsy-proven NAFLD or nonalcoholic steatohepatitis 
(NASH) [28] show increased expression of SARS-CoV-2 
receptor ACE2 and spike protein processing enzyme 
TMPRSS2, which might predispose individuals with obe-
sity to COVID-19. In addition, the alterations in the innate 
and adaptive immune system in NAFLD might further 
contribute to severe complications of COVID-19 [48].

Diabetes mellitus

Diabetes is highly prevalent in obese subjects and 
increases the risk of infections and other complications, 
especially severe pneumonia. The risk decreases with good 
glycemic control. Diabetes has been described as a risk 
factor for morbidity and mortality in other respiratory 
infections caused by viruses such as influenza A (H1N1) 
or respiratory infection caused by Middle Eastern Coro-
navirus (MERSCoV) [5]. Data in patients with diabetes 
infected with SARS-CoV-2 are limited. The study with 
the largest number of patients collected in China found 
a higher prevalence of mortality in people with diabetes, 
being one of the most important risk factors together with 
arterial hypertension [37]. In several meta-analyses con-
ducted in China with studies with smaller populations, the 
prevalence of diabetes is estimated to be around 8–10% 
[25, 27, 85]. The higher incidence and severity of COVID-
19 in diabetic patients are explained by several mecha-
nisms. Diabetic patients feature an inhibition of neutrophil 
chemotaxis, a decrease in phagocytosis and, therefore, a 
dysfunction of the immune response. On the other hand, 
in diabetic patients there is also a dysregulation of the 
inflammatory signaling which is delayed due to the delay 
in the activation of Th1 cells, however the inflammatory 
signaling can be exacerbated [32]. A higher rate of Th17 
cells and inflammatory cytokines has been described in 
patients with diabetes infected by SARS-CoV-2, which 
could explain the exacerbated inflammatory response [37]. 
In addition, pancreatic β-cells can be severely damaged 
by SARS-CoV-2, which would lead to insulin deficiency. 
On the other hand, patients with diabetes mellitus have a 
higher risk of cardiovascular disease, therefore the pres-
ence of other associated comorbidities such as arterial 
hypertension would justify the increase in mortality in 
these patients. Furthermore, in the islets of Langerhans 
there is a high expression of ACE2 receptors, which could 
suppose the main cellular receptor for SARS-CoV-2, caus-
ing an acute inflammatory reaction in β-cells known as 
insulitis, causing a hyperglycemic state in non-diabetic 
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patients and, on the other, a hyperglycemic decompensa-
tion in those previously diabetic patients [85].

High blood pressure and cardiovascular disease

Obesity is linked with high blood pressure and cardio-
vascular disease constituting a risk for lethality due to 
the infection and even more so if they are associated 
with diabetes. These patients suffer myocardial and vas-
cular injury, coagulation disorders with thrombotic and 
embolic phenomena, cardiac arrhythmias, acute coronary 
episodes and heart failure with cardiogenic shock. In a 
recent study, the electrocardiogram and echocardiogram 
of the patients suffering from COVID-19 revealed ST 
segment elevation, decreased left ventricular ejection 
fraction, poor wall mobility, and on angiograms they had 
obstructive signs with elevation of troponin and D-dimer. 
Myocardial disease in COVID-19 patients could be due to 
plaque rupture, cytokine storm, hypoxic injury, coronary 
spasm, microthrombi, or direct vascular or endothelial 

injury. Magnetic resonance imaging revealed myocardial 
interstitial edema in these patients. [6]. In these patients, 
cerebrovascular episodes have also been reported [6, 90].

Obesity‑hypoventilation and obstructive sleep 
apnea syndromes

The obesity-hypoventilation syndrome is characterized 
by hypoventilation, hypercapnia and the deterioration 
of respiratory function is worsened by the decreased 
ventilatory response to hypercapnia, frequent in obese 
subjects, which produces a tendency to drowsiness [72]. 
In some obese subjects, the condition is classified as 
obstructive sleep apnea syndrome. Generally, they suffer 
from centripetal or thoraco-abdominal obesity, with the 
respiratory alterations described, which are associated 
with an increase in the resistance of the upper airways. 
In the most serious situation, during sleep, a complete 
transient obstruction of the respiratory flow can occur 
with the production of more or less prolonged apneas. 

Fig. 2   Comorbidities associated with obesity and COVID-19 and their main clinical manifestations. Abbreviation: ACE2: angiotensin-convert-
ing enzyme 2
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This syndrome is characterized by at least 5 apneas last-
ing 10 s or more for each hour of sleep. This syndrome is 
due to the narrowing of the airway, due to laryngeal fat 
accumulation, together with a loss of glossopharyngeal 
muscle tone, with the result of a reduction in airflow 
during the inspiratory phases. There is evidence in the 
literature that reinforces the relationship between leptin 
[72] and ventilatory deterioration in obesity, such as that 
the level of leptin is a better predictor of the presence of 
obstructive hypoventilation syndrome than BMI [66] and 
this is independent of the presence or absence of apneas 
during sleep and that the elevated levels of leptin in this 
syndrome are corrected with non-invasive ventilation. 
Independently of the sleep apnea syndrome, obesity is 
associated with a reduction in expiratory reserve vol-
ume, functional capacity and the pulmonary compliance 
system. In addition, in patients with abdominal obesity, 
lung function is further impaired by diaphragm activity 
disorders, making breathing even more difficult, which 
establishes another risk factor for obesity in severe mani-
festations of COVID-19 infection [24].

Conclusion

The increase in the prevalence of obesity in recent years 
may be related to a greater number of people who may 
have serious complications with COVID-19 infection. 
Obese subjects have a pre-established pro-inflammatory 
environment, which can further exacerbate COVID-19-in-
duced inflammation and oxidative stress, explaining the 
increased risk of serious complications in these patients. 
The data also suggest that obesity could be a very impor-
tant factor in younger people. Obesity is considered a 
mild chronic inflammation situation, and, in this sense, 
several pro-inflammatory interleukins that are increased 
in obese people, such as TNF-α, IL-1α, IL-6 and MCP-1, 
induce undesirable effects during the COVID-19 infec-
tion. Leptin also appears to link the pro-inflammatory 
Th1 response, body composition and energy balance, 
stimulating the proliferation and activation of peripheral 
mononuclear cells, and the production of pro-inflam-
matory cytokines. Another factor that favors infection 
in obese patients is the high expression of ACE2 recep-
tors in the adipose tissue, the main cellular receptor for 
SARS-CoV-2, suggesting that could serve as a reservoir 
for the virus. In patients with SARS-CoV-2, oxidative 
stress is associated with the amplification of the cytokine 
storm, coagulopathy and cellular hypoxia. By modulating 
redox-sensitive pathways, the immune response can be 
regulated and control viral infection, which can have a 
positive effect on the recovery of patients. The negative 

impact of COVID-19 during obesity is also associated 
with a decrease in expiratory reserve volume and func-
tional capacity, ventilation difficulties due to the decrease 
in diaphragmatic excursion, the concurrence of multi-
ple comorbidities, a chronic inflammatory state of low 
degree, immunocompromised situations, and therefore 
a higher rate of hospitalization, mechanical ventilation, 
in-hospital complications such as pneumonia, and death.
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