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Alberti A et al. Obesity in people with diabetes in COVID-19

was a novel coronavirus called coronavirus disease 2019 (COVID-19). Later, in the
first quarter of 2020, the World Health Organization declared the outbreak of this
disease a pandemic. Elderly people, people with comorbidities, and health care
professionals are more vulnerable to COVID-19. Obesity has been growing
exponentially worldwide, affecting several age groups. It is a morbidity that is
associated with genetic, epigenetic, environment factors and/or interaction
between them. Obesity is associated with the development of several diseases
including diabetes mellitus, mainly type 2. Diabetes affects a significant portion of
the global population. Obesity and diabetes are among the main risk factors for
the development of severe symptoms of COVID-19, and individuals with these
conditions constitute a risk group. Based on a literature review on obesity in
people with diabetes in the framework of the COVID-19 pandemic, this study
presents updated important considerations and care to be taken with this
population.

Key Words: Obesity; Diabetes; COVID-19; Population; World; Disease

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article addresses obesity in people with diabetes in coronavirus disease
2019 (COVID-19) times, addressing the main points of the diseases and the interaction
between them. Based on a literature review on obesity in people with diabetes in the
framework of the COVID-19 pandemic, this study presents updated important consid-
erations and care to be taken with this population.
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GT, da Silva BB, Meneghetti Dallacosta F, Grigollo L, Dias P, Fin G, De Jesus JA, Pertille F,
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INTRODUCTION

Obesity affects people of different age groups, with a significant increase in its
prevalence in the last three decades, with worldwide prevalence rates of 27.5% in
adults and 47.1% in children[1]. Obesity is associated with the occurrence of several
diseases, including diabetes mellitus (DM)[2]. Obesity is involved not only in the
etiopathogenesis of the most common type of diabetes, type 2 DM but also in its
complications. There is also a growing scientific evidence on the role of obesity in type
1 diabetes|3].

Diabetes affects more than 422 million adults worldwide, which is predicted to
increase to 640 million by 2040[4,5]. It is one of the major causes of mortality and
reduced life expectancy worldwide[6]. Among the types of diabetes, type 1 is an
autoimmune disease mediated by T cells, marked by an insulin defect resulting from
the destruction of the pancreatic 3 cells[7], with an estimated prevalence of 9.5%
worldwide[8]. Type 2 diabetes is a condition that involves resistance to the effects of
insulin or an inefficient production of insulin to maintain a normal blood glucose level
[8]. Corresponding to more than 90% of diabetes cases, type 2 diabetes has an
estimated prevalence of 9.3% and is growing exponentially, in parallel with the
increase in obesity[9].

In March 2020, the World Health Organization (WHO) declared severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) a pandemic after the virus had
infected more than 381000 people in 195 countries[10]. The course of the disease is
varied, depending on individual immunological factors, age, and existing
comorbidities. Individuals with obesity and diabetes need greater care in times of
coronavirus disease 2019 (COVID-19), since they are part of the risk groups[11] and
the subsequent development of the infection has been highly associated with
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morbidity and mortality in these individuals[12-14].

Based on a literature review on obesity in people with diabetes in times of the
COVID-19 pandemic, this study presents updated important considerations and care
to be taken with this population.

OBESITY

Obesity is one of the most serious public health problems of the 21 century[15]. It is a
complex multifactorial disease that affects individuals of all age groups in low- and
middle-income countries in urban areas[15,16]. Many studies have shown that the
main cause of obesity is calorie consumption greater than energy expenditure,
resulting in high energy storage in the form of fat, especially in the abdominal region,
associated with disorders such as type 2 DM[17], metabolic syndrome[18], obstructive
sleep apnea[l9], and increased risk of cardiovascular disease[18], conditions that
decrease life expectancy.

The worldwide prevalence of overweight and obesity has doubled since 1980, so
that almost one-third of the world population is classified as overweight or obese. The
significant increase in the incidence of obesity in recent years makes this disease an
epidemic[20,21]. According to data from the Global Burden of Disease[20,21], obesity
rates increased at all ages and in both genders, regardless of geographic location,
ethnicity or socioeconomic status, although the prevalence of obesity is generally
higher in the elderly and in women. This trend was similar in all regions and
countries, although the rates of absolute prevalence of overweight and obesity varied
widely. In some developed countries, prevalence rates appear to have stabilized in
recent years. However, in the United States, according to 2019[5] data from the Centers
for Disease Control and Prevention, six states had a 35% or more obesity prevalence
among non-Hispanic white adults; 15 states had a prevalence of 35% or more among
Hispanic adults and in 34 states and the District of Columbia, the prevalence of obesity
was 35% or more among non-Hispanic black adults[22].

Recent data from the WHO[23] showed that in the past four decades, the number of
children and adolescents with obesity has increased considerably worldwide. While
just under 4% of children and adolescents aged 5 to 19 years were obese in 1975, more
than 124 million were classified as obese in 2016 that is, the prevalence that was 4% in
1975 increased to 18% in about 40 years. This is critical, since the probability of an
obese child remaining obese in adulthood ranges from 20% to 50%. For an adolescent
with obesity, this probability increases even more[24,25].

In view of the complexity of obesity, its pathophysiological aspects and also the
importance of this chronic disease as a public health problem, there has been a
growing number of studies aimed at understanding the pathophysiology of this
disease and associated events. In this connection, it is important to note that the white
adipose tissue (WAT) is the main secretory site of leptin, an adipokine, which upon
reaching the central nervous system (CNS), acts on the hypothalamic receptors and
reduces appetite. However, high levels of leptin in individuals with obesity, cause a
process of central resistance of this hormone, impairing the signs of satiety[26]. In
addition, another hormone present in the metabolic homeostasis is insulin, which is
stimulated by increased glucose in the bloodstream. However, changes in eating
behavior can be associated with an imbalance of this hormone. For example, the excess
of free fatty acids directly affects cellular metabolism, triggering the activation of
inflammatory pathways, and therefore, the development of insulin resistance[27].

In contrast, the high consumption of nutrients, exceeding the body's energy needs,
can generate adipocytes hypertrophy and hyperplasia[28,29], and consequently, the
compression of blood vessels, hindering adequate oxygen supply, generating hypoxia
[30,31]. Hypoxia is related to the recruitment of macrophages for this tissue[32-36]. The
infiltrated macrophages form crown-like structures surrounding the adipocytes, which
leads to excessive adipokine production, which includes pro-inflammatory mediators,
such as tumor necrosis factor-alpha (TNF-a), interleukin (IL)-1p, IL-6, C-reactive
protein (CRP), and adipokines[37-44].

Thus, obesity is characterized by a low-grade chronic inflammation, detected by the
elevation of pro-inflammatory mediators and by the presence of macrophages
infiltrated in WAT[45,46]. This inflammation in WAT turns into systemic inflammation
and contributes to the onset and progression of associated metabolic diseases[47-49].
In addition, studies conducted in the last decade have shown that obesity and its
comorbidities are not limited to peripheral tissues, but also involve the CNS[50-53].
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DM

DM is defined as a disorder in the glucose metabolism, in which the serum glucose
concentration is abnormally high, as the body does not release or use glucose properly
[54]. The two most common forms of diabetes are type 1 and type 2. Type 1 diabetes
results from the autoimmune destruction of the pancreatic beta cells, which produce
insulin, and type 2 diabetes is caused mainly by a combination of insulin resistance
and relative insulin deficiency[55].

DM, as well as obesity, is also considered one of the major public health problems of
the 21*century. In 2019, there were 463 million people with diabetes in the world,
expected to increase to 700 million by 2045[56]. This increase in the prevalence of
diabetes is due to the epidemiological and nutritional transition, population aging,
physical inactivity, overweight and obesity, and further to the greater survival of
individuals with diabetes[54].

The countries with the highest prevalence of DM in adults aged 20 to 79 years in the
world are China, India and the United States. The region of Central and South
America ranks fifth, with 32 million people with the disease. Brazil appears in the sixth
place, with 16.8 million people with DM in 2019 and an estimate to reach 26 million by
2045[56].

The prevalence of DM in this country varies according to the survey carried out,
and according to the region and age group assessed: In the Social Dimensions of
Inequalities Survey, carried out in 2008 with the representation of macro-regions, a
national prevalence of 7.5% self-reported DM was observed[57]. The National Health
Survey (NHS), carried out in 2013, indicated a 6.2% prevalence of self-reported
diabetes, that is, the previous diagnosis of the disease was reported by more than 9
million Brazilians aged 18 or over[58]. In a subsample of the NHS with collection of
biochemical tests, carried out in 2014/2015, the prevalence of DM based on glycated
hemoglobin data was 6.6% and, even considering the use of medication, 8.4%[59]. Data
indicated a progressive increase in this morbidity reported in the adult population,
from 1980 to 2015, in both men and women[60]. In different analyses, diabetes is
associated with older age, less education, and overweight/obesity[58,59].

Diabetes is a chronic condition that requires constant care, including weight control
through healthy habits, such as low carbohydrate diet, regular physical activity and, in
some cases, help with hypoglycemic medication. Adequate glycemic control can delay
or prevent the occurrence of microvascular and macrovascular complications of the
disease, especially in patients diagnosed at an earlier age, with repercussions on the
patient's quality of life and general health, such as retinopathy, nephropathy,
neuropathy, coronary disease, cerebrovascular disease and peripheral arterial disease
[54].

(])ne of the problems associated with DM is the increased susceptibility to infections,
due to several factors, directly or indirectly related to chronic hyperglycemia such as
reduced vascular response to inflammatory mediators such as histamine and
bradykinin, decreased activity of neutrophil polymorphonuclear cells, alteration in
adherence, chemotaxis and leukocyte opsonization, peripheral and autonomic
neuropathy, decreased protein binding with consequent edema, inefficient and
delayed cellular immune response to harmful agents, change of antioxidant systems
and reduced production of interleukin-2, vascular failure, reduction of mast cell
degranulation, and worsening of tissue oxygenation[61].

Diabetes contributes to a worse prognosis of an infection, with higher morbidity and
mortality from sepsis compared to the general population[62]. Some studies on the
biochemical characteristics of diabetic patients have found that the lymphocyte count
is lower than in individuals without diabetes, while that of neutrophils is higher, in
addition to a higher proportion of highly sensitive CRP and procalcitonin[63,64].
Inflammation-related biomarkers were also elevated in diabetics. All of these effects
form an inflammatory storm, which leads to rapid deterioration in the framework of
diseases like COVID-19[62].

Diabetes and associated complications can increase the risk of morbidity and
mortality during acute infections due to the suppression of innate and humoral
immune functions. Thus, diabetes is an important comorbidity to be considered in
infectious processes, such as those triggered by COVID-19, especially when it accrues
to other risk factors with inflammatory potential, including obesity. Both obesity and
diabetes have deleterious effects on the host’s immunity, increasing the risk of
infectious susceptibility and severity[62].
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COVID-19

COVID-19 is an infectious disease caused by the SARS-CoV-2. SARS-CoV-2 is the third
coronavirus identified to cause severe disease in humans. The first one was SARS-
CoV, also from China, which caused a pandemic between 2002 and 2003. The second
was the cause of the severe acute respiratory syndrome of the Middle East, called
Middle East respiratory syndrome coronavirus (MERS-CoV), which was initially
identified in the Arabian Peninsula in 2012[65]. Coronaviruses have the bat as their
natural host and through recombination and genetic variation, adaptation and
infection in other species was made possible. In the case of humans, possibly other
mammals were the intermediate hosts, which is why COVID-19 is considered a
zoonosis[66].

Coronaviruses have four structural proteins; spike (S), membrane (M), envelope (E)
and nucleocapsid (N). Spike is composed of a trimetric glycoprotein transmembrane
protruding from the viral surface, which determines the diversity of coronavirus and
tropism in the host. The spike protein comprises two functional subunits: The S1
subunit is responsible for binding to the host cell receptor and the S2 subunit for
fusion among viral and cellular membranes[67].

The SARS-CoV-2 infection is due to a highly transmissible virus among humans; the
disease can be asymptomatic or oligosymptomatic, with a varied spectrum that can
culminate in a condition of viral pneumonia, respiratory failure, involvement of other
organs and systems, and death can be the outcome. The declared global pandemic,
which affected 84233579 people and caused 1843293 deaths by the beginning of 2021,
remains a challenge for public health, given its heterogeneity in the clinical conditions
and the number of people affected[68].

The transmission of SARS-CoV-2 occurs directly between an infected and a
susceptible individual by the inoculation of droplets expelled from the respiratory
tract or saliva in the nasal, oral or conjunctiva mucosa during speech, coughing or
sneezing. Transmission can also be indirect by sharing contaminated objects or
surfaces or by aerosols[69]. The incubation time varies from 2 to 14 d, with an average
of 5 d, in symptomatic cases. In the mild disease, the upper respiratory tract is usually
affected, with the occurrence of fever, fatigue, myalgia, cough, odynophagia, nasal
discharge and sneezing. There is a possibility of gastrointestinal symptoms, due to the
presence of hemagglutinin esterase protein, with abdominal pain, vomiting and
diarrhea. There are also many records of anosmia and ageusia as important symptoms
in the diagnosis of suspected COVID-19[69].

In moderate disease, there is involvement of the lower respiratory tract, charac-
terized by viral pneumonia, with fever and cough, and the pulmonary involvement is
visualized by radiography or chest tomography. The presence or absence of hypoxia
determines the severity criterion and the assistance to be provided. In cases where
saturation is less than 92%, hospital monitoring with non-invasive oxygen supple-
mentation is required. In some situations, failure to resolve hypoxia requires
orotracheal intubation and monitoring in an intensive care unit[70].

In the initial stage of infection, SARS-CoV-2 binds to target cells in the nasal tract,
bronchial epithelial cells, or pneumocytes, by tying the spike (S) protein to the
angiotensin converting enzyme-2 (ACE-2) receptor. The transmembrane serine
protease type 2 (TMPRSS2), present in the host cell, causes the viral withdrawal
through the cleavage of ACE-2 and activation of the SARS-CoV-2 protein S, which
mediates the entry of the coronavirus into the host cells. ACE-2 and TMPRSS2 are
present mainly in alveolar cells. After the viral adsorption, viral replication is
activated. This process damages the host cell and causes proptosis due to damage
caused by ATP, nucleic acids and ASC oligomers. The neighboring cells of the
endothelium recognize cellular changes, initiating the signaling of the inflammatory
process. The presence of alveolar macrophages and endothelial cells that trigger the
generation of pro-inflammatory cytokines and chemokines (IL-6, interferon gamma
(INTg)-induced protein 10, macrophage inflammatory protein-1 alpha (MIP-1a), MIP-
1P, and mitochondrial pyruvate carrier-1), which attract macrophages, T cells, and
INTY creating a pro inflammatory feedback loop. In the production of neutralizing
antibodies, the infection resolves; but there may be production of non-neutralizing
antibodies generating the cytokine storm. This inadequate and exacerbated inflam-
matory response allows viremia to cause sepsis and shock, coagulation disorders, with
damage to other target cells of vital organs such as the brain, heart and kidneys[70].
This inflammatory dysregulation, the main damage resulting from COVID-19, has
been more common in patients with comorbidities and risk factors, probably due to
low immunogenicity. In addition, diabetic and hypertensive patients have more ACE-
2 receptors, as well as a greater number of these receptors in adipocytes due to the fact
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that obesity generates a low-grade inflammatory process[71-73] (Figure 1).

The development of severe acute respiratory syndrome is seen more frequently in
elderly patients with COVID-19 pneumonia and with underlying chronic diseases,
such as systemic arterial hypertension, cardiovascular diseases, type 2 diabetes,
chronic obstructive pulmonary disease or neoplasms[73]. All age groups are affected
by COVID-19; however, individuals above 60 years of age present with the worst
conditions, leading towards a death outcome[74].

DM, OBESITY, AND COVID-19

Infection by COVID-19 has highly impacted daily clinical practice, since practically all
organs and biological systems suffer from this new infection, either because the virus
directly affects specific tissues or because of indirect effects[75]. Due to the high
prevalence of diabetes and obesity worldwide, it is important to understand aspects of
coronavirus infection and the impact of multiple epidemics co-existence on health
systems, as pre-existing conditions contribute to a worse prognosis, due to the
immune system impairment[75].

DIABETES AND COVID-19

During previous SARS pandemics, the rate of admission to the intensive care units
(ICUs), the need for mechanical ventilation and the mortality of diabetic patients was
3.1 times higher than that of non-diabetic patients[76]. During the 2012 (MERS-CoV)
outbreak, diabetes was prevalent in almost 50% of the population and the odds ratio
(OR) for severe or critical MERS-CoV ranged from 7.2 to 15.7 in the cohort of
individuals with DM compared to the general population[76].

Recent studies have also shown a relationship between SARS-CoV-2 infection and
the presence of diabetes: 34% to 58% COVID-19 patients had diabetes. Other reports
suggest that patients with both COVID-19 and diabetes are more often associated with
severe or critical cases. In a study with 138 patients with COVID-19, Wang et al[77]
observed that 72% of patients with comorbidities, including diabetes, required
admission to the ICU, compared with 37% of patients without comorbidities. Wu et al
[78] evaluated 201 patients with COVID-19 and found that diabetic patients had a risk
ratio of 2.34 (95% confidence interval [CI]: 1.35 to 4.05; P = 0.002) for acute respiratory
syndrome. Diabetic patients usually exhibit a worse infection prognosis, with higher
sepsis morbidity and mortality compared to the general population[79].

In addition to the presence of diabetes, the individual's hyperglycemic state has
been associated with greater severity of COVID-19 and unfavorable outcome in
infected patients, especially when micro and macrovascular complications are present
[80]. In addition, SARS-CoV-2 infection has been associated to the onset of
hyperglycemia, and the need to use insulin, especially in patients requiring ICU
admission[81]. Diagnosis of diabetes can occur on admission and in a frequency
similar to that of already known cases (about 15%), and can be a greater risk factor for
severity of COVID-19 than pre-existing disease[77-81].

In addition, some medications used to treat COVID-19 patients can alter glycemic
homeostasis in different ways, suggesting that infected patients are more susceptible
to the worsening of the disease. However, there is still insufficient evidence to state
that COVID-19 can also accelerate the onset of diabetes complications in diabetic
patients who have been infected[80].

Adequate glycemic control is essential to reduce the severity of the clinical condition
of infected patients. Considering poor control when glycated hemoglobin (HbAlc)
levels were greater than 8%, a study of 80 patients with type II diabetes in India
showed that patients with worse glycemic control had: Severe clinical manifestation of
COVID-19, such as cough and shortage of breath, more severe inflammatory responses
with high serum levels contents of fibrin degradation products, indicating hyperco-
agulability, D-dimer and interleukin IL-6, in addition to greater pulmonary
impairment found in radiographic findings. Still, those patients needed more
frequently intensive treatment, non-invasive ventilation, had longer hospitalization
and higher mortality[82]. Such conditions had already been described in patients with
diabetes during the Influenza pandemic in 2009. HbAlc levels > 9% were associated
with a 60% increased risk of hospitalization and pneumonia-related severity during
infection[82].
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Thus, patients with diabetes are usually affected by a low-grade chronic inflam-
mation, which facilitates cytokine storms, contributing to the serious results of
COVID-19 and possible death. Still, one of the main risk factors in diabetic patients
with severe condition is obesity[83].
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OBESITY AND COVID-19

Considering that obese individuals also have a pre-defined pro-inflammatory
medium, it is possible that COVID-19 may further exacerbate the inflammation,
exposing them to higher levels of circulating inflammatory molecules compared to
non-obese individuals[84]. In addition, it has been proven that the lung function is
affected in several ways, in connection with the mechanical and inflammatory aspects,
making obese people more likely to suffer from respiratory problems, symptoms and
progression to respiratory failure[85].

In the current pandemic, there are higher rates of obesity and severe obesity in
patients with COVID-19[86]. In the United States, among patients with COVID-19
under 60 years of age, those with 30 to 35 kg/m?body mass index (BMI) and those
with BMI above 35 kg/m?were 1.8 and 3.6 times more likely to be admitted to the ICU,
respectively, compared to those with adequate BMI[87]. In the United Kingdom, 38%
of patients with COVID-19 admitted to the ICU were obese[88]. In China, where the
first cases of COVID-19 occurred, investigations have shown that obesity increases
approximately three times the risk of severe manifestation of the disease, with a
consequent longer hospital stay[89].

The causal relationship between obesity and diabetes was suggested in 1965 in a
longitudinal study carried out by the National Institute of Health in Arizona, where
the risk of developing diabetes was 40-fold in obese women compared to those who
remained slim[90]. From the first epidemiological reports, obesity and diabetes were
identified as risk comorbidities for the development of more severe clinical forms of
SARS-CoV-2 infection, since the cytokine storm can be amplified, leading to
multisystemic failure and death[91,92].

Although the connection between these comorbidities is still not fully understood,
in an obese and diabetic condition, the adipose tissue is impaired and may be directly
or indirectly involved in interactions with SARS-CoV-2 at different levels, since the
virus can change the fate of the adipocytes in adipose tissue or adipocyte-like cells in
the lungs, which can positively regulate the genes associated with lipid metabolism in
lung epithelial cells and the genes involved in leptin regulation[93,94].

Increased release of non-steroidal fatty acids is seen in both obesity and DM2 and
both are associated with insulin resistance[95]. Insulin promotes glucose uptake and
the increase of adipocytes, causing activation and recruitment of resident macrophages
in adipose tissue and resulting in the release of pro-inflammatory cytokines and
chemokines such as IL-1, IL-6, IL-8, monocyte-1 chemoattractive protein, and CRP[96,
97]. The serum levels of IL-6 and TNF-a, therefore, are independent and significant
predictors of the severity of the disease and deaths of COVID-19 patients[97]. These
factors can increase the probability of developing endothelial dysfunction and platelet
aggregation, causing the formation of occlusive thrombus in the heart and lungs in
patients with COVID-19[98].

A tentative explanation for this relationship may be the fact that the expression of
ACE-2, the functional receptor for SARS-CoV, is positively regulated in patients with
obesity and diabetes[94], in addition to the deregulation of lipid synthesis and
clearance, which can initiate or worsen lung inflammation and injury[93]. The
presence of ACE-2 may allow SARS-CoV-2 to promote the adipocytes, which makes
adipose tissue an important viral reservoir[94]. Consequently, adipose tissue can also
be infected by SARS-CoV-2 and allow dissemination to other organs[99].

Cytokine production is a key element of the inflammatory and immunological
response to viral infection, since after the host is released, the virus is first recognized
by the innate immune system through molecular pattern recognition receptors, such as
the receptors of C-type lectin and the NOD receptor of the toll-like receptor and
exposure to the virus causes the expression of inflammatory factors in several ways, in
particular the maturation of dendritic cells and the synthesis of interferons which role
is to limit the spread of the virus and to accelerate phagocytosis of viral antigens[100].

In individuals with obesity and diabetes, the low-grade chronic inflammatory state
can worsen the inflammatory response to SARS-CoV-2[101-103] infection. The
prevalence of viral infection and its clinical consequences are more evident in the
elderly and in individuals with obesity and diabetes, since this group exhibits weak
immune activity and increased oxidative stress due to the decline in endogenous
antioxidants[104].

Obesity and DM have been considered critical risk factors for different infections,
post-infection complications and mortality from serious infections. Both have
deleterious effects on the host's immunity, mainly increasing the risk of infectious
susceptibility and disease severity[105].
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Studies have shown obesity and type 2 diabetes as comorbidities in the
development of SARS into COVID-19, in addition to being associated with severe
forms of COVID-19 in all ethnic groups[105,106]. In a study carried out in the United
States with 5700 hospitalized patients with severe forms of COVID-19, the authors
observed that many of them presented with obesity (41%) or type 2 diabetes (33%). A
retrospective study of 1158 hospitalized patients in Kuwait revealed that patients with
morbid obesity and type 2 diabetes were much more likely to be admitted to the ICU,
showing an OR of 5.18 and 9.38, respectively[106].

The WHO has been publishing a series of documents and guidelines to facilitate the
understanding of the population with diabetes and obesity, and to direct them to self-
care in times of quarantine and social isolation[107]. The recommendations continue to
be related to health care in general: Healthy eating, practice physical activity, monitor
and control glycemic rates and indexes, take medications correctly and reduce the risk
of contagion[107].

When it comes to diseases that are largely related directly to modifiable factors,
such as obesity and type 2 diabetes, it is important for the population to assume self-
care. In this connection, recommendations and access to information on the part of
patients, as well as the guidance of health professionals involved in the treatment of
those patients is essential. It is necessary that patients become protagonists during
treatment, have autonomy and enhance disease control.

CONCLUSION

The large increase in cases of COVID-19 infection worldwide in people with obesity
and DM stands out as a factor of concern for public health. These comorbidities
accelerate the inflammatory process and post-infection complications, such as
increased production of cytokines, which when associated with the consequences of
SARS-CoV-2 infection produce harmful effects, which can lead to death.

SARS-CoV-2 infection can increase the risk of sepsis in people with obesity and DM,
especially for sedentary or insufficiently active people, as they have low respiratory
and neuromuscular capacity. This risk is further exacerbated by the increase in
circulating inflammatory molecules in individuals with obesity, and the diabetogenic
effect that drugs for the treatment of SARS-CoV-2 can produce.

Therefore, it is recommended to patients with these comorbidities self-care such as
the practice of regular physical activity, balanced diet and, in the case of individuals
with DM, glycemic control. Social isolation to avoid contamination, maintenance of a
healthy lifestyle, are still the best forms of prevention, as long it is not possible to
immunize everyone against SARS-CoV-2. Among post-COVID patients, rehabilitation
with follow-up for lifestyle changes is essential to improve quality of life and to avoid
hospital readmissions.
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