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With the increasing prevalence of obesity, there is a growing awareness of its impact on infectious diseases. In
past epidemics of influenza A andMiddle East respiratory syndrome (MERS) coronavirus, obesity has been iden-
tified as a risk factor influencing the severity of illness in infected persons. The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is responsible for a large number of deaths and health damagesworldwide. Increas-
ing numbers of reports have linked obesity to more severe COVID-19 disease and death. This review focuses on
the impact of obesity on patients with COVID-19.We comprehensively analyzed the variousmechanisms of obe-
sity affecting the severity of the disease. In addition, on the basis of the vulnerability of peoplewith obesity during
the COVID-19 epidemic, we summarized both individual-level and hospital-level prevention and management
measures for COVID-19 patients with obesity and discussed the impact of isolation on people with obesity.
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1. Introduction

Obesity is defined as abnormal or excessive fat accumulation that
presents a risk to health. According to the World Health Organization
(WHO) standards, onewith a bodymass index (BMI)>30 kg/m2 is clas-
sified as obese, which is also defined by a cutoff value of 28 kg/m2 ac-
cording to other standards in some countries such as China.1

According to the State of Food Security and Nutrition in the World in
2019, obesity rates are increasing in almost every country in the
world, with the global adult obesity rate reaching 13.2%,2 placing a se-
vere burden on families and society. Body overweight and obesity are
well-established risk factors for chronic diseases including diabetes,
andpatientswithdiabetes and obesityweremore likely to have diabetic
complications than their counterparts without obesity.3 Achieving a
healthy weight is considered a risk modifier and has a favorable effect
on blood pressure, glucose metabolism, and cardiac and vascular
function.

As the prevalence of obesity increases, people are becoming increas-
ingly aware of its impact on infectious diseases. During the 2009 influ-
enza A (H1N1) pandemic, obesity was identified for the first time as a
risk factor for increased disease severity and increased mortality
among infected individuals.4 The incidence of obesity among patients
with MERS-CoV was about twice as high as that of patients with H1N1
(7.7 ± 2.8%), reaching 17.6 ± 4.2%.5 In clinical studies of H1N1, obesity
was linked to an increased risk for hospitalization,6 intensive care unit
(ICU) admission,7 and invasive mechanical ventilation (IMV).8 Severe
obesity (BMI >40 kg/m2) was associated with a twofold increased risk
of death from H1N1 infection (OR= 2.01, 95% CI: 1.29–3.14).9 Further-
more, symptomatic adults with obesity were shown to shed the influ-
enza A virus 42% longer than adults without obesity (adjusted event
time ratio [ETR], 1.42; 95% CI: 1.06–1.89),10making their exposure to vi-
ruses longer than their peers with normal weight.

Such disproportionate burdens may also exist among patients in-
fected by the coronavirus disease 2019 (COVID-19), which have
resulted in 39.5 million infections including 1.1 million deaths world-
wide as of October 17, 2020, also causing massive damage to the global
economy, education, and medical treatment. Although few systematic
reviews have been conducted between COVID-19 and obesity, a meta-
analysis of obesity and influenza-related pneumonia11 showed that,
compared with people with a normal BMI, the risk of pneumonia
among individuals with obesity (BMI ≥30 kg/m2) was increased 1.33
times (95% CI: 1.05–1.63), and 4.6 times (95% CI: 2.2–9.8) among indi-
viduals with morbid obesity (BMI ≥40 kg/m2). Interestingly, the adult
respiratory distress syndrome (ARDS) caused by severe lung infection
has a high fatality rate, whereas patientswith ARDS combinedwith obe-
sity or morbid obesity have a lower mortality rate.12 This paradox may
be due to the fact that obesity-triggered low-grade inflammatory pro-
cesses may constitute pre-conditioning insults or trigger anti-
inflammatory adaptive mechanisms, thus providing a protective effect
on ARDS.13 More research is needed to confirm this mechanism. We
should also consider whether there is such a paradox in the impact of
obesity on COVID-19.

A growing number of studies have tried to link obesity to COVID-19
severity and/or death.14–16 For example, preliminary epidemiological
data from the US Centers for Disease Control and Prevention showed
that among COVID-19 patients with obesity, 69% had a body mass
index (BMI) between 30 and 40 kg/m2, and 30.1% had severe obesity
(BMI ≥40 kg/m2).17 Also, the obesity rate after sex and age standardiza-
tion among 340 severe COVID-19 patients in France was significantly
higher than that among the general French adult population.18 How-
ever, there have not been any comprehensive reviews on this associa-
tion, which deserves to be systematically studied. This systematic
review summarizes the epidemiological characteristics of (hospitalized
or diagnosed) COVID-19 patients with obesity, where obesity is defined
by the local BMI classification criteria. Then, the impact of obesity on the
severity of COVID-19 in existing research is synthesized (Table 1), with
2

various mechanisms by which obesity may aggravate COVID-19 sum-
marized. In addition, on the basis of the vulnerability of people with
obesity during the COVID-19 epidemic, we summarize both
individual-level and hospital-level management measures for COVID-
19 patients with obesity. We also reviewed the impact of isolation on
people with obesity and suggest additional prevention measures for
this population.

2. Search strategy and study inclusion

A comprehensive literature review was conducted in the PubMed
bibliography databases on October 1, 2020. We searched titles or ab-
stracts including any combination of the keywords in two groups:
1) “COVID-19”, “COVID19”, “coronavirus disease 2019”, “2019 novel co-
ronavirus disease”, “2019-nCoV”, “severe acute respiratory syndrome
coronavirus 2”, “SARS-CoV-2”, and “SARS2”; and 2) “obesity”, “over-
weight”, “obese”, “adiposity”, “body mass index”, “BMI”, and “weight
gain”. Titles and abstracts of the articles identified through the keyword
search were independently screened by two reviewers against the
study selection criteria: 1) study design: observational studies including
cross-sectional and longitudinal studies; 2) study subject: COVID-19pa-
tients with overweight or obesity, excluding pregnant women and chil-
dren; 3) study outcome: COVID-19 severity, including hospital stays,
IMV needing, ICU admission, death of COVID-19 patients; 4) article
type: peer-reviewed publications that are not letters, comments, edito-
rials, study/review protocols, review articles, animal studies, mechanis-
tic studies, or case reports; and 5) language: English. Potentially
relevant articles were retrieved for an evaluation of the full text by
two independent reviewers with discrepancies resolved by a third re-
viewer. A total of 64 articles were finally included in this review after
thewhole filtering process (Fig. 1). The basic characteristics of the 63 in-
cluded studies, including the prevalence of obesity and obesity-related
COVID-19 progression, were summarized (Table 1).

3. Impact of obesity on COVID-19 severity

Age is one of themost important factors in the hospitalization rate of
COVID-19, with about 70% of the hospitalized cases aged over 45.19,20

Obesity, as the most common underlying condition for patients with
COVID-19 aged under 64 years old,17 could shift the COVID-19 risk to
younger ages.19,20 Obesity can also increase the risk factors for these dis-
eases and lead to unfavorable consequences. The clinical spectrum of
COVID-19 is very broad, and the common symptoms of most patients
with COVID-19 are non-specific, including fever (98%), cough (76%),
and myalgia or fatigue (44%).21 For patients with comorbidities,
COVID-19 may bring about acute respiratory illnesses, respiratory fail-
ure, and septic shock, and in themost severe cases, ARDS.22 By studying
the relationship between the severity of COVID-19 and obesity, we can
deploy medical resources in the most cost-effective manner to prevent
health systems from overloading and focus on the most fragile cohort
of patients during all phases of the disease.23

3.1. Effects of obesity on recovery time of COVID-19 patients

The recovery of patients with COVID-19 represents the gradual re-
gression of clinical symptoms and signs of the body. The time taken
for recovery is not only closely related to the severity of COVID-1924

but also influences the spread of the virus and the additional economic
burden,25 in which obesity may play a role. In a small sample (n= 34)
study26 in Israel, the researchers used negative results from two of three
genes (envelope protein gene (E), RNA-dependent RNA polymerase
gene (RdRP), and nucleocapsid (N) gene) measured by RT-PCR as
criteria for patient recovery. Patients with obesity had a higher mean
length of hospital stay than patients without obesity (20.6 vs 16.0
days), suggesting that the recovery time of COVID-19 patients with obe-
sity may be different from that of normal-weight patients, with longer
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discharge time. It also proves from another perspective that patients
with obesity have a higher viral load and a slower antiviral response,
thus affecting the disease progression of COVID-19.26 Stronger evidence
came from a paired cohort study in Wenzhou, China. In a group of 75
randomly matched patients by age and sex, the analysis found that pa-
tientswith obesity had significantly longer hospital stays (23 vs 18 days,
p=0.037) and a higher proportion of severe COVID-19 (33.3% vs. 14.7%,
p=0.007) than patients without obesity, with a clear dose-effect.27 The
extension was evenmore pronounced in another study in Italy (21 ± 8
vs 13 ± 8 days, p = 0.0008).28
3.2. Effects of obesity on ICU admission of COVID-19 patients

The ICU is a special department that provides intensive treatment
medicine in hospitals or health care institutions. Most of the patients
treated in ICUs are experiencing or recovering from life-threatening sit-
uations. BMI of patients with COVID-19 was significantly correlated
with ICU treatment.29,30 A study in Hubei Province of China (n = 323)
showed that patients with a BMI >25 kg/m2 accounted for 22.1% of
172 severe and critically ill COVID-19 patients.31 Some scholars have
suggested that the high obesity rates among intensive care patients in-
fected with SARS-CoV-2 may depend on the local obesity rate.32 How-
ever, in a series of 3615 patients with COVID-19 from New York, US,
those under 60 years of age with a BMI ranging from 30 to 34 kg/m2

had a 1.8-fold increase in the probability of ICU admission compared
to patients with a BMI <30 kg/m2. This likelihood increased to 3.6-fold
among patients with a BMI ≥35 kg/m2.33. Moreover, COVID-19 patients
in ICUs had higher BMI than non-ICU patients (BMI, median 30.5 kg/m2

vs 28.77 kg/m2). Interestingly, among the published proportion of pa-
tients admitted to the ICU during hospitalization in various countries,
the proportion of patients transferred to the ICU in countries with
high obesity rates, such as the United States (39.8%)34and Italy
(19%),35 was significantly higher than that in China (5.4%, non-Hubei
region)36 and SouthKorea (13.3%),37whichhave lowobesity rates. Con-
sidering that this may be due to differences in health technology and
varying degrees of aging, we need to attach significance to the role of
obesity in the severe forms of COVID-19. This is probably caused by
chronic diseases associated with obesity. Among 1591 patients treated
in the ICU for COVID-19 patients in Lombardy, Italy, 68% (95% CI, 65%–
71%) of the patients had at least one comorbidity, including hyperten-
sion (49%), cardiovascular diseases (21%), hypercholesterolemia
(18%), and diabetes (17%),38 all of which have been linked to obesity
in previous studies.39–41
3.3. Effects of obesity on IMV needing of COVID-19 patients

IMV is a means of life support, which is usually reserved as the last
option for chronic obstructive pulmonary disease (COPD), which repre-
sents that patient's condition has entered a serious stage.42 There has
been a significant association between obesity and IMV.43,44 For exam-
ple, among 393 patients in New York City, patients who received IMV
had a higher obesity rate than those who did not (43.4% vs 31.9%).45

Likewise, in a retrospective cohort study in France, 124 patients with se-
vere COVID-19were analyzed, and IMVwas used as a criterion to deter-
mine the severity of the disease. The results showed that the
requirement of IMV significantly correlated with BMI (p < 0.05); the
proportion of patients who required IMV increased with BMI categories
(p< 0.01, chi-square test), and it was the greatest among patients with
a BMI>35 kg/m2 (85.7%). Additionally, BMI >35 kg/m2 can increase the
risk of IMV 7-fold and is associated with lower survival rates.43 The
same results were found in Ong's44, and Palaiodimos's46 studies. These
studies demonstrated that obesity increases the risk of IMV among pa-
tients with COVID-19.
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3.4. Effects of obesity on death of COVID-19 patients

Obesity has also been associated with an increased risk of death in
hospitalized patients with COVID-19.47,48 In a cohort study in the
Bronx, New York, it was found that severe obesity was independently
associated with higher inpatient mortality and overall poor inpatient
outcomes.46 Similarly, a study in Milan, Italy found that 48 out of 233
hospitalized patients with COVID-19 who died had a significantly
higher prevalence of obesity than those who survived (27.1% vs 13.5%,
p = 0.029).47 In addition, obesity has also been increasingly common
even in persons younger than 50 years old relative to other known
risk factors (e.g., hypertension, cardiovascular, Type 2 diabetes), and
this high prevalence predicted a shift in severe COVID-19 disease, such
as the risk of death, to younger populations.19 A retrospective study in
New York that included 3406 hospitalized patients with COVID-19
found that younger patients with a BMI over 40 kg/m2 were 5 times
more likely to die.49
3.5. Effects of obesity on other severity outcomes of COVID-19 patients

Obesity has also been associated with other COVID-19 severity
outcomes.50–53 For example, among 212,802 patients diagnosed with
COVID-19 in Mexico, obesity increased the risk of hospital admission
by 1.29-fold (p < 0.001).54 The BMI of patients with COVID-19 and
pneumonia, a localized inflammation of the lungs, was significantly
higher than those without pneumonia (23.81 vs 20.78 kg/m2, p =
0.001).55 Also, obesity increased the risk of pneumonia by 1.327-fold
(p = 0.024).53 ARDS leads to acute diffuse lung injury and subsequent
9

acute respiratory failure, characterized by respiratory distress and hyp-
oxemia, and is almost one of the most severe consequences of COVID-
19.The results of this study showed that the incidence of ARDS is signif-
icantly higher in the group with obesity compared to the lean group
(5.00% vs 0%, p = 0.024).56

The above content systematically summarizes the impact of obesity
on the severity of COVID-19. Although most studies employed multivari-
ate analysis to adjust the impact of obesity-related diseases (i.e., diabetes,
hypertension and CVD) on the severity of COVID-19, making the role of
obesity independent, we should not neglect the equal importance impact
of obesity-related diseases due to the long-term accumulating effects on
patients' physiology and psychology.57 Among the 44,672 confirmed
COVID-19 cases in China, the case fatality rate (CFR) was 2.3%, and 7.3%
of the deaths (1023) were patients with diabetes, 10.5% were patients
with cardiovascular disease, and 6.0% were patients with hypertension.58

This suggests thatwe should give attention not only to obesity, but also to
the impact of obesity-related diseases on COVID-19.

4. Mechanisms connecting obesity to COVID-19 severity

Obesity would likely increase the severity of COVID-19 since SARS-
CoV-2 is transmitted by droplets or contact. The first line of defense
(skin and nasal mucosa) and the second line of defense (bactericidal
substances and phagocytes) of an immunocompromised individual can-
not prevent and destroy the virus, which enters the lungs through the
respiratory tract. Spike protein binds to the angiotensin-converting en-
zyme 2 (ACE2) receptor on lung cells to enter the cell, where it repli-
cates, assembles, and releases a large number of viruses (Fig. 2). After
the virus is phagocytized by alveolar epithelial macrophages, the target



Fig. 2.Mechanisms connecting obesity to COVID-19 severity.
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cells are lysed and killed by immune T cells through cellular immunity,
and a large number of cytokines and complements are released. This
autoinflammatory response leads to the destruction of lung cells,
preventing the pulmonary alveoli from carrying out the normal blood
oxygen exchange, inducing a series of clinical symptoms in patients. A
large release of cytokines may lead to cytokine storms, and an excessive
immune response may lead to a rapid decline in lung function, respira-
tory failure, viremia, ARDS and even multiple organ dysfunction syn-
drome (MODS).

4.1. Respiratory function

Obesity has detrimental effects on respiratory mechanics, the respi-
ratory drive, and the physiology and anatomy of the upper respiratory
function, directly affecting the respiratory function of patients with
obesity.59 Obesity leads to increased airway resistance, decreased respi-
ratory muscle, reduced lung volume, and impaired gas exchange in pa-
tients. However, since SARS-CoV-2 is a virus that mainly attacks the
respiratory system, patients' obesity status will further impair their re-
spiratory function during an infection of COVID-19 and may even put
them at risk of pulmonary complications,60 leading to a poor
prognosis.61 Obesity is highly associated with obstructive sleep apnea
(OSA),62 which can lead to repeated airway obstruction in patients
with COVID-19, worsening pro-inflammatory processes in the lungs.63

The negative effect of obesity on respiratory function may account for
the higher risk of respiratory failure and necessity for mechanical venti-
lation in patients that have comorbid obesity with COVID-19.64–67

4.2. Immune function and susceptibility

Previous studies have found that obesity is a risk factor for admission
to the hospital for H1N1 influenza A4 and other respiratory infections.68

This may be due to the fact that the baseline inflammatory state of obe-
sity weakens the immune system's response to the virus, including sys-
temic changes in the innate and adaptive responses, showing a delayed
10
and sluggish antiviral response to viral infection.69 Patients with obesity
have chronically high levels of leptin and low levels of adiponectin. This
adverse hormonal state can also lead to a maladjusted immune
response.70 Obesity makes individuals more susceptible to viral infec-
tion, increasing the exposure of the virus and the long-term infection
of hosts with obesity. Obesity also affected influenza virus clearance.
Compared to adults of normal weight, the amount of RNA shedding
and the duration of positive samples of the H1N1 virus were increased
in adults with obesity.5 Obesity has also been shown to have a substan-
tial impact on the immunity and pathogen defense, including the dis-
ruption of lymphoid tissue integrity and alterations in leukocyte
development, phenotypes, and activity.71 In a prospective observational
study of the trivalent inactivated influenza vaccine (IIV3) in adults, the
results have shown that the initial serum conversion rates are higher
in people with obesity, but the vaccine efficacy declines more over
time than in people without obesity.72 This decline of vaccine efficacy
may be due to the fact that overweight and obesity impairs vaccine re-
sponse to pathogens. The immune-induced response of both obese
adults and children is diminished,73 and the vaccine-specific T cell re-
sponses of adults with obesity is weakened and impaired,74 where T
cells are necessary for the protection and recovery of viral infection.

4.3. Cytokine storm

Cytokine storm is an important cause of death among COVID-19
patients.75 It represents a phenomenon of immune hyperactivation
and is characterized by increased levels of IL-6, interferon (IFN)-γ, and
other cytokines, causing consequences and symptoms related to im-
mune activation. Although some studies have found that higher levels
of proinflammatory cytokines in severe COVID-19 reflect an increased
viral burden rather than an inappropriate host response that needs to
be corrected,76 inflammatory cytokines (IL-1β, IL-1Ra, IL-6, IL-8, IL-18,
and TNF-α) associated with cytokine storm are no different than
those associated with severe ARDS or sepsis.77 But the pro-
inflammatory environment of individuals with obesity may further
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exacerbate inflammation, exposing them to even higher levels of circu-
lating inflammatory molecules.78 Dysregulated immune and other
inflammation-related responses of obesity patients may aggravate the
cytokine storm and allow increased viral spread and extended infec-
tions, which accelerate the severity of COVID-19 in patients with
obesity.

Individuals with obesity have a low level of systemic chronic inflam-
mation, and the TNF-α, IL-6, or c-reactive protein (CRP) is higher, in-
creasing the circulating level of pro-inflammatory cytokines.61 Clinical
biochemical studies of COVID-19 metabolic obesity patients also found
that IL-6 was significantly increased, and CRP was positively correlated
withwaist-to-hip ratio (WHR).79 Excess fat is also associatedwith over-
activation of the complement system, which is an important host medi-
ator of virus-induced diseases and exacerbates inflammation.80 Further-
more, the prevalence of vitamin D deficiency is higher among people
with obesity. Vitamin D, which in detriment has been linked to various
inflammations, infections, and lung diseases, can also increase the risk
of systemic infections and damage the immune response. Together,
they may make obesity a risk factor for “cytokine storms”.

There is no specific medicine to prevent SARS-CoV-2 infection and
cytokine storm caused by the virus.81 Once the cytokine storm occurs,
it is difficult for clinicians to reverse the adverse outcomes of patients.
In addition to the exploration and research of drug therapy and new
drugs, more attention should be given to warn patients of cytokine
storms to achieve early detection and treatment, if necessary. It is of sig-
nificance to suppress inflammatory response and support treatment.
The changes of pulmonary imaging, respiratory function and laboratory
indicators should be closely monitored, and once a patient's indicators
fluctuate, they should be immediately transferred to the intensive care
unit to suppress cytokine storm and prevent further intensification via
medication and oxygen therapy.82

4.4. Angiotensin-converting enzyme-2 (ACE-2)

The causes of variation in the inflammatory response in SARS-CoV-2
are unknown, but adipose tissue could contribute to this variation. Adi-
pocytes, obesity-induced related inflammation, and immune system
impairment may play an important role in infection by SARS-CoV-2.83

Adipose tissue is among the tissues with the highest expression of the
ACE2 receptor that binds the virus84 and surrounds the heart and the
connected vessels, opening the possibility that adipose tissue acts as a
reservoir for the virus. In the COVID-19 infection, ACE2 is a binding re-
ceptor of the novel coronavirus. Since SARS-CoV-2 enters the host
cells through ACE2 receptors after the spike protein is activated by
host cell protease, the cells and tissues expressing ACE2 are potential
targets of SARS-CoV-2. Tissue analysis showed that the ACE2 expression
in adipose tissue is higher than that in lungs, suggesting that people
with obesity are more susceptible to the novel coronavirus.85 In addi-
tion, chronic activation of renin-angiotensin-aldosterone system
(RAAS) in patients with obesity is conducive to the high expression of
ACE-2 and the low availability of angiotensin 1–7,which reduces the an-
tiviral immunity and increases the susceptibility to SARS-CoV-2.86 How-
ever, no study has been conducted to elucidate the relationship
between SARS-CoV-2 and adipose tissue, or the incidence of COVID-19
and obesity, which needs to be further verified by clinical studies.

4.5. Other potential mechanisms

Individuals with obesity are rich in epicardial adipose tissue (EAT),
which can affect the cardiac function in patients with COVID-19 at an
early stage. Moreover, EAT is a rich source of adipokines, including var-
ious pro-inflammatorymediators that contribute to inflammatory cyto-
kine storms.87 Obesity poses challenges to the patient's diagnosis and
treatment, such as poor quality of diagnostic imaging, difficulties in air-
way management, and unresponsiveness to prone positioning.88
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5. Obesity prevention and management during COVID-19 pandemic

5.1. Prevention measures in patients with obesity

Targeted therapieswith specific drugs and vaccines still need time to
be developed, sowe should focus on prevention for peoplewith obesity.
The general preventive measures for COVID-19 should follow the na-
tional or local prevention and control guidelines for hand hygiene,
wearing protective equipment, reducing contact, and avoiding non-
essential travel to major affected areas. Surveillance and control of co-
existing chronic diseases need to be strengthened. For example, patients
with diabetes and hypertension need to monitor their blood sugar and
blood pressure more frequently.89 The European Association for the
Study of Obesity advises people with obesity to pay attention to energy
intake (e.g., protein nutrients), energy expenditure (e.g., moderate
physical activity and exercise in non-crowded areas during the period
of quarantine), sleep (e.g., sleep duration and quality), and mental
health and resilience (e.g., healthy mental conditions).90 Patients with
delayed bariatric outpatient follow-up appointments and bariatric sur-
gery should adopt a healthier lifestyle during the epidemic; online
weight management programs, evaluation of postoperative complica-
tions, and monitoring of weight loss response are also recommended.91

5.2. Measures in COVID-19 patients with obesity

Obesity increases the risk of severe COVID-19 progression, so we
need to pay more attention to infection monitoring and clinical treat-
ment in COVID-19 patients with obesity. Patients with obesity who
have been exposed to COVID-19 patients or high-risk areas for COVID-
19 infection, especially those who have subsequently developed
suspected symptoms for COVID-19 (e.g., cold, coughing, runny nose,
fever), should go to a medical institution for virus testing as soon as
possible92; those having mild symptoms can be consulted at home
through telemedicine and should be self-isolated for 14 days after
their symptoms disappear. COVID-19 patients with obesity aged over
60 should be referred to a hospital as soon as possible. Patients with
other basic or chronic diseases (e.g., diabetes, hypertension, heart dis-
eases) should seek medical attention urgently. During the treatment,
they should continue to strictly comply with appropriate control of
blood glucose, blood pressure, and blood lipids; appropriate hypoglyce-
mic, hypotensive, and lipid-lowering regiments should be continued
during the treatment.93 Inflammatory response indicators (IL-6, TNF-
α, CRP) and immune response indicators (immunoglobulin, CD4+,
CD8+) should be monitored during treatment to prevent “cytokine
storms” in a timely manner. When treating individuals with obesity,
the feasibility of operations and appropriate tools should be considered
in advance to avoid delay in treatment.

5.3. Impact of COVID-19 lockdown on body weight

We also suggest that everyone should control their weight gain dur-
ing the epidemic period of COVID-19, so as to avoid the development of
obesity, thus increasing the risk of infection and progression to severe
stage of COVID-19. At present, many countries and regions around the
world adopted lockdown and school suspension measures to reduce
the spread of the virus and recommended social isolation to reduce
the risk of infection. Knowing that summer vacationmay be a risk factor
for students' weight gain,94 we suspect that isolation during the out-
break may enhance the risk factors for obesity and weight gain. Studies
have estimated that the prevalence of COVID-19 may double the num-
ber of out-of-school hours for children in the US95, and that prolonged
isolation at home may lead to changes in personal lifestyles, sleep pat-
terns, commuting style and psychological state, thereby indirectly af-
fecting weight change. Some recent studies showed that young people
tended to display unfavorable lifestyle changes during and after
lockdown, including unsafe, hyper-processed, high-calorie diets, and
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decreased exercise time, increased screen time, and an increased
amount of sleep.96-99 Furthermore, active commuting, including public
transportation, walking, and cycling, was significantly associated with
decreased BMI and body fat percentages among men and women.100

A study in China found that isolation and the rapid spread of SARS-
CoV-2 led participants to exhibit higher levels of anxiety, depression,
and lower levels of mental health,101 and other mediating factors,
such as diet and amount of sleep, that influence weight change.102 Ru-
mors and information overload increase stress, which can also affect
weight through biological behavioral and psychologicalmechanisms.103
6. Future directions and conclusions

The COVID-19 pandemic is characterized by a high incidence of se-
vere and acute organ damage, especially the lungs with SARS, but also
acute cardiovascular events, in association with a pro-inflammatory
cytokine-related storm.104 Such severe acute events are particularly
prevalent among aged individuals and patients with co-morbidities
such as obesity, hypertension, and Type 2 diabeteswhich have emerged
as major contributors to the severity of symptoms and organ failure,
whilst the current studies report a lower prevalence of severe COVID-
19 infection among smokers and people with chronic lung diseases.
These observations suggest the importance of the “metabolic disease
exposome”,105 including dietary lifestyle, glycaemic disorders, obesity,
and sedentariness, among other potential disease severity modifiers,
such as systemic hypertension and aging, leading to chronic low-grade
inflammation, which may aggravate COVID-19-induced acute organ
failure.

Therefore, it is essential to precisely identify the factors underlying
the severity and the clinical presentation of the disease, especially
when considering the risk of additional waves of COVID-19.106 Obesity
is a risk factor for severe forms of COVID-19, through physiological, bio-
chemical, immune, and anatomical mechanisms. Indeed, many coun-
tries worldwide are currently under lockdown to curb the dramatic
increase in the number of patients in critical conditions. Staying at
home during the COVID-19 pandemic also mediates changes in life-
styles and sleep patterns that increase the risk of obesity.108-110 Thus,
the identification of optimal strategies to manage the health crisis
after the lockdown is of critical importance for the decision makers on
the management of the COVID-19 health crisis. One of those strategies
would be the identification of vulnerable subjects in order to adapt so-
cial distancing strategies, using a personalized approach targeting this
population at risk.

Based on the characteristics of people with obesity, we suggest
that individuals with obesity should not only follow the general
preventive measures and health guidance but should also pay
more attention to the control of other underlying diseases. Patients
should seek the help of medical staff as soon as possible after being
infected with the virus. The treatment of basic diseases should be
considered in the treatment process, and the condition indicators
should be closely monitored to alleviate the prognosis. In addition,
we also recommend the use of telemedicine for obesity training
and education.

Some limitations in this reviewshould also bementioned, so future ef-
forts could be built upon it.We covered several related themes and used a
variety of indicators (e.g., recovery time, ICU admission, IMV necessity,
death) to systematically examine the additional burden of obesity on pa-
tients with COVID-19, the impact of COVID-19 infection onwhich are dif-
ficult to be compared and quantified. Therefore, we could not conduct a
series of meta-analyses of high quality to accompany this systematic re-
view. Also, to include more national and regional studies to make this re-
view more informative and convincing, we did not adopt a uniform
criterion for obesity (e.g., BMI cutoff values) to filter the literature. Strati-
fying the included studies by different criteria of obesity is also expected
to be realized in future as the number of studies is increasing.
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Determining the association between obesity and COVID-19 will re-
quire large, national or international, retrospective medical studies and
autopsy studies. In the follow-up clinical treatment, it is important to
measure and collect the parameters of human obesity, including height,
weight, waist circumference, hip circumference, etc. Priority should be
given to the treatment of COVID-19 patientswith obesity to properly al-
locate medical resources.
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