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Abstract

The coronavirus disease 2019 (COVID-19)
pandemic has resulted in worldwide research
efforts to recognize people at greatest risk of
developing critical illness and dying. Growing
numbers of reports have connected obesity to
more severe COVID-19 illness and death.
Although the exact mechanism by which obe-
sity may lead to severe COVID-19 outcomes
has not yet been determined, the mechanisms
appear to be multifactorial. These include
mechanical changes of the airways and lung
parenchyma, systemic and airway inflamma-
tion, and general metabolic dysfunction that
adversely affect pulmonary function and/or
response to treatment. As COVID-19 contin-
ues to spread worldwide, clinicians should
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carefully monitor and manage obese patients
for prompt and targeted treatment.
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8.1 Introduction

In late December 2019, a group of pneumonia
patients with unknown origin was reported in
Wuhan, China [1]. Since then, COVID-19,
caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), has taken the
world by storm and was officially announced as a
pandemic by the World Health Organization
(WHO) on March 11, 2020. SARS-CoV-2 is
reported to be a member of the betacoronavirus
family, associated with the severe acute respira-
tory syndrome (SARS) virus SARS-CoV [2].
Clinical signs of COVID-19 disease range from
asymptomatic or mild infection to severe mani-
festations that are life-threatening. In China,
those over 65 years old and/or with comorbidities
were found to be at higher risk of a more severe
course of SARS-CoV-2 infection. Among the
comorbidities, the highest fatality rates were
observed for individuals with cardiovascular dis-
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ease (CVD) and diabetes mellitus, followed by
chronic respiratory diseases, hypertension, can-
cer, immunosuppressive disorders, and organ
failure [3, 4]. As both CVD and diabetes mellitus
are linked with increased adipose tissue mass [5],
a high body mass index (BMI) and other anthro-
pometric indices associated with obesity might
be key risk factors indicative of a more severe
course of disease, including development of
pneumonia. It has been established that both
under- and overnutrition are related to a worse
prognosis of viral infections, as occurred in the
case of the devastating 1918 influenza pandemic
[6]. In addition, recent evidence has shown that
obesity and overweight are associated with more
severe COVID-19 outcomes [7-9]. The parame-
ters mediating this high risk are thought to be due
to an impaired respiratory system in obese per-
sons, mediated by elevated airway resistance,
disrupted respiratory gas exchange, as well as
low respiratory muscle strength and reduced lung
volumes [10]. Furthermore, other studies have
proposed that obesity is related to an impaired
immune response which is a critical factor in
COVID-19 disease [11, 12].

The obesity-related effects on the immune
system play a key role in the pathogenesis and
outcome of most viral infections such as
COVID-19 disease, and obesity is also linked to
an increased inflammation response in adipose
tissue. In turn, the inflammatory response in adi-
pose tissue can lead to metabolic dysfunction,
potentially resulting in dyslipidemia, insulin
resistance, diabetes mellitus, hypertension, and
CVD [13]. In addition, anthropometric studies
have shown that abdominal obesity can cause
impaired mechanical ventilation at the base of the
lungs, leading to decreased oxygenation of vital
tissues [14]. The abnormal secretion of adipo-
kines and cytokines such as tumor necrosis
factor-alpha (TNF-a) and interferon (INF) is
indicative of a chronic low-grade inflammation
characteristic of abdominal-centered obesity, and
this may further impair immune responses [15]
and negatively impact lung physiology [16].
Figure 8.1 highlights some of the obesity-
associated comorbidities related to COVID-19
disease severity.

The COVID-19 pandemic is now spreading
all over the world, especially in Europe and the
Americas, where obesity has a high prevalence
[16]. Although this is only suggestive and does
not necessarily imply causation, the links men-
tioned make a strong case for more thorough
investigations into the potential associations
between obesity and severity of COVID-19 dis-
ease. Obesity has already been identified as a
risk factor for individuals experiencing a more
severe course of infection during the 2009 influ-
enza A HINI epidemic [15, 17, 18]. Taken
together, these findings suggest that obesity is
an independent risk factor for SARS-CoV-2
infection [19].

Since rapid diagnosis and early treatment
appear to produce the best patient outcomes in
many disease areas, recognition of risk factors
for morbidity and mortality is important to pro-
tect the most vulnerable individuals in the society
and to guide the most appropriate treatment
response in a precision medicine manner. The
aim of the present chapter was to investigate the
hypothesis that having a higher BMI is a risk fac-
tor for COVID-19 infection and its progression to
a more severe disease course, independent of
other common risk factors. We also discuss
potential key mechanisms by which obesity
affects COVID-19 disease and may suggest
potential therapeutic avenues.

Association Between
COVID-19 and Obesity: Early
Data

8.2

Much has been learned from influenza in patients
with obesity. The Centers for Disease Control
and Prevention (CDC) suggests that individuals
with a BMI > 40 kg/m? have a higher risk of
influenza complications [20]. During the HINI
influenza pandemic, obesity was recognized as
an independent risk factor for increasing disease
severity [21]. A study also showed that individu-
als with obesity have reduced protection from
influenza immunization [22]. Therefore, it has
been deemed likely that obesity is an independent
risk factor for COVID-19 severity.
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Fig.8.1 Obesity-associated comorbidities and mechanisms of COVID-19 severity

A descriptive study between a small sample of
24 critically ill patients diagnosed with
COVID-19 in the Seattle region was one of the
first studies to report BMI data with 20 of the
patients being either overweight or obese [23].
Although the numbers were too small for statisti-
cal analyses, 20 of the patients needed mechani-
cal ventilation and 15 died. In a study in China,
older age (>65 years) and the presence of comor-
bidities were found to be related to a more severe
course in patients infected with SARS-CoV-2
[3]. Across the recorded comorbidities, the high-
est fatality rates were reported for CVD (10.5%)
and diabetes mellitus (7.3%), followed by chronic
respiratory diseases (6.3%), hypertension (6.0%),
and cancer (5.6%) [3].

Concern about the impacts of BMI was further
demonstrated by preliminary data from Shenzhen,
China [24], and New York City (NYC), USA

[25]. In the Chinese study, it was found that obe-
sity, particularly in men, significantly elevated
the risk of developing severe COVID-19 [24]. In
addition, the obese patients tended to have upper
respiratory tract infection symptoms, including
fever and cough, although no significant differ-
ences were observed in terms of disease duration
or progression. In the New York study, having a
BMI >40 kg/m? was the next strongest indepen-
dent predictor of hospitalization, after old age
[25]. In addition, a small study at the University
Hospital in Lille, France, reported that the need
for mechanical ventilation in 124 COVID-19
patients was greater for those with a BMI >35 kg/
m?, independent of other risk factors [26].

In California, USA, between April and August
2009, 1088 individuals were either hospitalized
or died from HIN1 influenza infection [27]. Of
these individuals, 58% were obese (BMI >30 kg/
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m?), and 67% had severe obesity (BMI >40 kg/
m?). Approximately two-thirds of the patients
with obesity had comorbidities, including chronic
lung disease, asthma, cardiac problems, or
diabetes.

In another investigation, Peng et al. conducted
a retrospective analysis of 112 patients infected
with SARS-CoV-2 who had been admitted to the
Union Hospital in Wuhan, from January 20 to
February 15, 2020 [28]. The BMI of the critical
patients was higher than that of the general popu-
lation, and 88% of the non-survivors had a BMI
>25 kg/m? compared to 18.9% of the survivors.

Association Between
COVID-19 and Obesity:
Recent Data

8.3

A number of more recent studies over the last
2 months have now been carried out investigating
the effects of COVID-19 outcomes in terms of
infection, disease severity, and risk of death.
These are highlighted in the following sections.

8.3.1 Association of Obesity
with a SARS-CoV-2-Positive

Test

A study was carried out by the Oxford Royal
College of General Practitioners (RCGP)
Research, and Surveillance Center primary care
network analyzed routinely collected data from
patients tested for SARS-CoV-2 between Jan 28
and April 4, 2020 [29]. They used multivariable
logistic regression models to identify risk factors
associated with a positive test result. This showed
that 20.9% of people with obesity tested positive
for the disease compared with only 13.2% of
normal-weight people [odds ratio (OR): 1.41,
95% confidence interval (CI): 1.04-1.91).
Another study from the UK found that both BMI
and waist circumference were positively associ-
ated with a positive test for COVID-19 [30]. This
investigation also showed a dose-response-like
relationship between BMI and a positive test for
COVID-19, with odds ratios for overweight

(BMI: 25-<30 kg/m?), obese (BMI: 30- < 35 kg/
m?), and severely obese (BMI: >35 kg/m?) sub-
jects of 1.31 (1.05-1.62), 1.55 (1.19-2.02), and
1.57 (1.14-2.17), respectively, compared to nor-
mal weight controls (BMI: 18.5-<25 kg/m?).

8.3.2 Association of Obesity
with COVID-19 Disease
Severity

A recent meta-analysis of three studies reported
an increased need of invasive mechanical ventila-
tion in COVID-19 patients with a BMI >35 kg/m?
with an OR of 7.36 (95% CI: 1.63-33.14,
p = 0.021) [31]. A study in China which investi-
gated the association between obesity and
COVID-19 illness severity among patients with
confirmed SARS-CoV-2 infection found that
each unit increase in BMI was associated with a
12% increase in the risk of severe COVID-19
[32]. A study by Cummings et al. carried out in
New York (NY), USA, found that of 257 indi-
viduals who were critically ill with COVID-19,
171 (67%) were males, 212 (82%) had at least
one chronic illness, and 119 (46%) were obese
[33]. Hur et al. analyzed data from 10 Chicago
Illinois hospitals in the USA and found that
among patients who required intubation, those
who were older or more obese required longer
intubation times [34].

8.3.3 Association of Obesity
with Increased Risk of Death
from COVID-19

A retrospective study of 13 young patients who
died of COVID-19 and 40 matched survivors
found that the deceased patients had higher BMIs
(p = 0.010), increased C-reactive protein (CRP)
inflammation biomarker (p = 0.014), increased
troponin I (TPNI) cardiac biomarker (p = 0.005),
and elevated D-dimer coagulation activity bio-
marker (p = 0.047) [35]. Klang et al. carried out a
retrospective analysis of data from COVID-19
patients hospitalized in New York between March
1 and May 17, 2020, using multivariable logistic



8 Obesity and Risk of COVID-19 Infection and Severity: Available Evidence and Mechanisms 101

regression models and found that among the
younger patients that died (<50 years old), hav-
ing a BMI >40 kg/m? was independently associ-
ated with mortality (OR: 5.1, 95% CI: 2.3-11.1)
[36]. Another study in New York of 770 patients
found that those who were obese were more
likely to present with fever, cough, and shortness
of breath, with a significantly higher rate of inten-
sive care unit (ICU) admission or death
(p =0.002) [37].

A prospective study of 20,133 patients in the
UK carried out by the International Severe Acute
Respiratory and emerging infections consortium
(ISARIC) World Health Organization (WHO)
Clinical Characterization Protocol UK (CCP-UK)
found that increasing age, male sex, and comor-
bidities, such as obesity and chronic cardiac, pul-
monary, kidney, and liver diseases, were
associated with higher mortality outcomes [38].
Bello-Chavolla and co-workers carried out a
study in Mexico of 51,633 people with SARS-
CoV-2 infection, which evaluated risk factors and
proposed a lethality score for the disease [39]. In
this study, 5332 of the individuals died, and it
appeared that obesity increased risk for the need
for ICU admission and intubation and was asso-
ciated with 49.5% of the lethality. Another inves-
tigation assessed the obesity prevalence of the
top 20 countries ranked according to total
COVID-19-related deaths as of May 20, 2020
[40]. This showed that the USA had the highest
obesity (36.2%) and overweight (31.7%) preva-
lence, as well as the highest number of total
deaths. In addition, correlation analysis showed
that the number of total deaths was significantly
correlated with the obesity prevalence in each
country (r = 0.464, p = 0.039).

8.4 Mechanisms

8.4.1 Inflammation

Obesity alters the innate and adaptive immune
responses, which cause a state of chronic low-
grade inflammation (Fig. 8.2) [41, 42]. This state
is characterized by higher levels of pro-
inflammatory cytokines such as TNF-a, macro-

phage chemoattractant protein I (MCP-1), and
interleukin-6 (IL-6), which are mainly secreted
from visceral and subcutaneous adipose tissue
[43]. However, presentation of an antigen such as
a virus results in decreased macrophage activa-
tion and blunted pro-inflammatory cytokine pro-
duction, as well as exacerbation of viral symptoms
[44]. This may explain the poorer vaccination
response in obese individuals [45]. In addition,
B- and T-cell responses are disrupted in obesity
which elevates susceptibility to viral infections
and a delay in their resolution. A study by Zhang
et al. suggested that leptin resistance was a cofac-
tor in the HIN1 influenza pandemic, as this hor-
mone is an important regulator of B cell
maturation, development, and performance [46].
In addition, obese patients may have impaired
memory T-cell and antibody responses, which
could also explain vaccine ineffectiveness [47].

A disturbed pro-inflammatory response is the
likely cause of lung lesions observed in victims
of influenza pandemics. In line with this, a study
on influenza A virus infection in obese ob/ob
mice showed elevated disease severity, increased
secondary bacterial infections, and decreased
vaccine efficacy [48]. A study by the same
research group showed that serial passage of a
human HINI1 influenza virus through diet-
induced and genetic (ob/ob) models of obesity in
mice leads to a more severe disease with elevated
virulence and morbidity, which may br related to
disruption of the INF response [49].

8.4.2 Impaired Insulin Signaling

Patients with obesity consume a higher than nor-
mal percentage of oxygen during respiratory
work [50, 51]. Obesity is also linked with respira-
tory conditions, such as exertional dyspnea, obe-
sity  hypoventilation  syndrome,  chronic
obstructive pulmonary disease (COPD), asthma,
and aspiration pneumonia [52]. Obesity is a
known risk factor for diabetes, metabolic syn-
drome, and CVD, which may also contribute to
higher mortality in COVID-19 cases. Insulin
resistance is a major feature of these conditions
and can be caused by obesity [53]. Under normal
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Fig. 8.2 Effects of obesity on inflammation and insulin resistance, predicted to lead to a more severe form of COVID-19
disease. The effects are shown in adipose tissue, muscle, and liver, although they are likely to be systemic

conditions, binding of insulin to the insulin
receptor in target tissues results in parallel signal-
ing via the PI3K-Akt and Ras-MAPK networks
in the regulation of metabolism and growth path-
ways (Fig. 8.3). Insulin-resistant states like obe-
sity are characterized by specific impairments in
the PI3K-Akt pathway, leading to compensatory
hyperinsulinemia in order to maintain normal
glycemia. This leads to excessive signaling via
the growth pathway, contributing to increased
inflammation, proliferation, and hypertrophy.

8.4.3 Other Mechanisms

Another factor might also lead to the elevated
risk from COVID-19 for patients with obesity

that was highlighted by a previous study which
showed that adipose tissue can serve as a reser-
voir for human viruses [54]. More studies should
be performed to determine if adipose tissue also
serves as a focal point of SARS-CoV-2 infection
and spreading to other organs.

8.5 Potential Treatment Avenues

8.5.1 Biomarkers

As described above, the presence of metabolic
diseases such as obesity, hypertension, diabetes,
and CVD is likely to contribute to a poorer prog-
nosis in COVID-19 patients. Since these condi-
tions are marked by insulin resistance and a latent
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chronic inflammatory state, it is possible that the
application of approved antidiabetic drugs such
as pioglitazone could lead to a better outcome for
patients with such comorbidities [55]. As a pre-
ventative measure, obtaining a higher level of
cardiorespiratory fitness by prior physical exer-
cise may offer some innate immune-protection
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against SARS-CoV-2 infection by improving
insulin signaling and attenuating the “cytokine
storm syndrome*“that can occur in high-risk indi-
viduals [56, 57]. The term cytokine storm
describes an excessive and uncontrolled release
of pro-inflammatory cytokines which can cause
damage to the lungs and other tissues. High-risk
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patients could be identified by biomarker tests for
insulin resistance, such as an oral glucose toler-
ance test or the measurement of the triglyceride
and glucose index. Ren et al. showed that the lat-
ter index was closely associated with severity and
morbidity in patients infected with SAR-CoV-2
[58]. Thus, the triglyceride-glucose index may be
auseful marker for identification of those patients
who are likely to experience a worse outcome of
COVID-19 disease. These individuals could then
be prioritized for specialized treatments. The suc-
cessful use of some anti-inflammatory drugs in
other hyperinflammation-related diseases like
rheumatoid arthritis has generated much specula-
tion about whether or not similar approaches
could be useful in patients with COVID-19 dis-
ease and high inflammatory biomarker profiles
[59, 60].

8.5.2 Physical Exercise and Dietary
Changes

A large-scale population study of 387,109 men
and women in the UK found that physical
inactivity (relative risk = 1.32, 1.10-1.58), smok-
ing (1.42, 1.12-1.79), and high BMI (2.05, 1.68—
2.49) were related to cases of COVID-19 serious
enough to warrant hospital admission [61]. Such
problems may be compounded by obesity. For
example, a study of 123 obese individuals under
stay-at-home orders found that most reported
increased anxiety and depression, increased
stress eating, increased difficultly in achieving
weight loss goals, and reduced exercise time and
intensity [62]. This problem may have been exac-
erbated during the imposed lockdown in many
countries due to negative effects on eating behav-
iors and dietary habits [63]. Physical inactivity is
known to increase symptom severity and death
outcomes in individuals with chronic diseases
due to blunting of the immune response and mac-
rophage activation, caused by the associated
increased insulin resistance [64]. In contrast,

exercise is known to reduce the risk of mortality
from metabolic diseases through an increase in
physiological reserve and enhanced immunologi-
cal benefits.

Together, these findings argue for the develop-
ment of specialized programs to encourage
healthier lifestyles involving improved nutri-
tional quality and increased physical activity to
assist with disease management during and after
the COVID-19 pandemic.

8.6 Conclusions and Future

Perspectives

In conclusion, patients with obesity and, most
importantly, those with severe obesity should
take extra measures to avoid coming into contact
with SARS-CoV-2-infected individuals during
the current pandemic. Such individuals have a
higher risk of more severe forms of COVID-19
disease due to impaired insulin signaling and
chronic low grade inflammation. It is now
accepted that researchers and clinicians should
take these factors into account in order to offer
the best possible therapeutic approach and to
improve chances of a favorable outcome. This
may include interventions such as the use of anti-
diabetic and anti-inflammatory drugs to poten-
tially decrease the chances of the patient
progressing to severe COVID-19 illness.

This current pandemic has highlighted that
more should be done at the individual level to
reduce the effects of obesity in our societies to
minimize the effects of the current and future
pandemics. As a preventative measure, policies
should be adopted worldwide which encourage
individuals to adopt a healthier lifestyle, involv-
ing improved nutrition and increased physical
activity. This will also have the added benefit of
decreasing the effects of other communicable and
noncommunicable diseases on society and relieve
the ever increasing burden on healthcare at a
global level.
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