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SARS CoV-2 is a β-coronavirus responsible for the current COVID-19 pandemic.
Although there is increase severity and mortality described in the elderly population
and people with co-morbidities, all age groups are susceptible to COVID-19. Recent
data showed that obesity has also emerged as a signiﬁcant risk factor for COVID-19
mortality. As per the WHO, most of the world’s population lives in countries where
obesity is highly prevalent. In this context, we aimed to review various studies that
showed obesity as an independent risk factor for mortality in SARS CoV-2 infection. We
followed the PRISMA guidelines to search for two databases including PubMed and
Google Scholar using the key terms “COVID-19, OBES and MORTALITY,” SARS CoV-2,
OBES and MORTALITY” “COVID-19, OBESITY, and MORTALITY,” SARS Cov-2, OBESITY
and MORTALITY,” respectively, up to August 3, 2020. Twelve studies were ﬁnally
included in this review after applying inclusion and exclusion criteria. All 12 studies
included in the review consistently showed that obesity is a risk factor for mortality in
patients with SARS CoV-2 infection. These studies have also shown evidence that
obesity leads to increased hospitalization, ICU admission, increased need for mechanical ventilation, and poor prognosis among patients with SARS CoV-2 infection. Obesity
is an independent risk factor for mortality in patients infected with this novel
coronavirus. Appropriate triage, monitoring, and vigilance are required while dealing
with individuals with obesity with SARS CoV2 infection, especially in the young obese
population. More epidemiological studies need to be done taking BMI also into
consideration in COVID-19 patients to ﬁnd the exact cause of increased severity and
mortality and develop appropriate preventive and therapeutic strategies.

COVID-19 (coronavirus disease-2019) is caused by the coronavirus SARS-CoV-2 (severe acute respiratory syndrome-

coronavirus-2), which was initially identiﬁed in Wuhan
city, China, in a cluster of patients who presented with
pneumonia of unknown cause in December 2019. It was
observed that some patients with pneumonia developed
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acute respiratory distress syndrome (ARDS) requiring ventilation, and some of them worsened in a short period and died
of multiple organ failure in China.1 Later, it has emerged as a
rapidly spreading communicable disease affecting almost all
countries globally and was declared as a pandemic by the
WHO on March 11, 2020. As of November 10, 2020, there
have been 50,676,072 conﬁrmed COVID-19 cases, including
1,261,075 deaths, reported to the WHO globally, and
86,36,011 conﬁrmed cases including 1,27,571 deaths were
reported from India.2
The disease severity ranges from asymptomatic and mild
upper respiratory tract infection to pneumonia. Wu et al
described the spectrum of disease as mild, severe, and
critical.3 Patients at high risk for SARS-CoV-2 infection
have been characterized by pre-existing diseases such as
hypertension, cardiovascular disease, diabetes, chronic respiratory disease, or cancer.4 Obesity has been rarely mentioned among the signiﬁcant clinical risk factors for SARSCoV-2, reported in early clinical reports from China,5 Italy,6
and the United States.7 However, as the knowledge on this
pandemic is evolving, further studies8,9 found that obesity is
associated with severe COVID-19 outcomes as well.
Worldwide obesity has nearly tripled since 1975 and is
now considered a pandemic. In 2016, more than 1.9 billion
adults (39%), 18 years and older, were overweight. Of these,
over 650 million (13%) had obesity. Over 340 million children
and adolescents, aged 5 to 19 years were overweight or
obese.10 Obesity has also been described as an independent
predisposing factor to severe H1N1 pulmonary infection and
mortality.11 As the COVID-19 pandemic is now rapidly
spreading worldwide, there is a health care crisis in all the
countries; therefore, there is a need to identify the high-risk
group and provide more care to them to decrease the
mortality rate. In this systematic review, we aimed to
investigate whether obesity is an independent risk factor
for mortality among patients with SARS CoV-2 infection.

Methods
This systematic review was conducted following the PRISMA
(Preferred Reporting Items for Systematic Review and MetaAnalysis) guidelines.12 We searched PubMed using the key
terms “COVID-19,” “OBES, “OBESITY” and “MORTALITY,”
“SARS CoV-2,” and “COVID-19” up to August 3, 2020, as
mentioned in ►Table 1.
Table 1 Keys terms used for search in this review
DATABASE

Key terms used

PubMed

COVID-19, OBES,
and mortality

Google Scholar
(search sorted with
relevance to date from
December 2019 until
August 3, 2020)

Hits


597

SARS-CoV-2, OBES,
and mortality

453

COVID-19, obesity,
and mortality
SARS-CoV-2, obesity,
and mortality

434
184
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The inclusion criteria were studies that have taken BMI as
a risk factor for mortality in adult patients with SARS-CoV-2
infection. The exclusion criteria are studies that have not
taken BMI as a risk factor for mortality in SARS -CoV-2
infection and infections other than SARS-CoV-2 that are
studied in the obese population. The aim of this study was
to ﬁnd if overweight/obesity is an independent risk factor for
mortality in SARS CoV-2 infection. The ﬁnal consensus
among the authors regarding the studies to be included in
this review was reached after developing a data extraction
spreadsheet, matching a record of eligibility of the studies,
describing study types, and applying inclusion criteria and
exclusion criteria. Ethics committee approval was not required because it was a review study.

Results
Around 1,668 articles were identiﬁed in the literature search
using key terms as mentioned in ►Table 1, of which 66
articles were retrieved after title and abstract screening.
Thirty-three articles were assessed in full text after removing
duplicates. Finally, 12 studies were eligible to be included in
this review after applying the inclusion and exclusion criteria
as shown in the PRISMA ﬂow chart in ►Fig. 1.
Of the 12 studies that were included, 10 were retrospective in nature, 1 was a prospective cohort study, and 1 was a
cross-sectional study. In addition, 8 studies are from the
United States of America, 2 from Italy, 1 from China, and 1
from Mexico. The subjects included in the studies were
conﬁrmed COVID-19 cases with a sample size ranging
from 13 to 51,633 patients. In all studies, body mass index
(BMI) between 25 and 29.99 kg/m2 was considered as overweight, BMI > 30 kg/m2 as obesity, except a study by Zhang
et al in Wuhan, China, in which BMI 24 to 27.99 kg/m2 was
considered as overweight and BMI > 28 kg/m2 was considered as obesity. The risk of mortality in obese patients in
these studies is described as odds ratio (OR), adjusted hazard
ratio (aHR), and relative risk (RR). The characteristics of the
included studies, risk of mortality, and other outcomes
related to overweight and obesity in patients with conﬁrmed
SARS CoV-2 infection are described in ►Table 2. It is evident
from these 12 studies that as the BMI increases from overweight (25–30 kg/m2), obesity class 1 (30–35 kg/m2), 2 (35–
40 kg/m2), and 3 (40 kg/m2), there is an increase in the risk
of mortality from SARS CoV-2 infection.
Giacomelli et al described that obese subjects had a
threefold higher risk of death when compared with those
with a BMI below 30 kg/m2 in hospitalized patients during
the ﬁrst wave of the Italian epidemic. The proportion of
obese patients in this study were 16.3% (38 out of 233
hospitalized patients), of whom 13 patients were in the
non-survivor group. Apart from obesity, older age and advanced critical illness were factors independently associated
with increased risk of mortality in this study.13 Palaiodimos
et al assessed whether obesity is associated with worse
outcomes independent of age, gender, and comorbidities.
In this study, the patients were classiﬁed based on BMI as
BMI < 25 kg/m2, BMI 25–34 kg/m2, and BMI  35 kg/m2 as
No. 1/2022
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Fig. 1 PRISMA ﬂow diagram.

per the most recent BMI assessment prior to or during the
index admission, severe obesity is deﬁned as BMI > 35. It was
observed that 16 (34.8%) out of 46 patients in the severely
obese group succumbed. Patients were also classiﬁed into
four quartiles based on age: 50, 51–64, 65–73, and 74
years old. They demonstrated that severe obesity, increasing
age, and male sex were independently associated with higher
in-hospital mortality and in general worse in-hospital
outcomes.14
Zhang et al in a study in two hospitals from Wuhan
included 13 young patients (14–45 years old) who died
from COVID-19 and 40 matched controls and found that
obesity is a high-risk factor predisposing to the death of
young patients by aggravating inﬂammatory responses, cardiac damage, and increased coagulation activity.15 Steinberg
et al conducted a two-center, retrospective cohort study that
included 210 young adult patients (18–45 years old), of
which 18 died during hospitalization (9%), 36 (17%) required
Annals of the National Academy of Medical Sciences (India)
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mechanical ventilation, and 94 (45%) were admitted. The
limitation of this study is that co-morbid conditions such as
diabetes and hypertension were not taken into account.16
Klang et al demonstrated obesity as an independent risk
factor for mortality in patients younger than 50 years by
retrospectively analyzing the data of COVID-19 patients;
around 60 (10.5%) out of 572 younger population and
1,076 (38%) of 2,834 COVID-19 patients of age > 50 years
had died. In the younger population, BMI > 40 kg/m2 was
more strongly associated independently with mortality than
the older population.17 Thus, from the above three studies it
is clear that the obese young population is at high risk for
mortality from SARS CoV-2 infection.
Rottoli et al in a multicentric retrospective cohort study
from Italy aimed to ﬁnd whether obesity is a risk factor for
respiratory failure and death. Of 296 patients included in the
study, 70 (23·6%) were in the obese group with a BMI  30
kg/m2. A comparison between obese and non-obese groups

© 2021. National Academy of Medical Sciences (India). All rights reserved.
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Retrospective study

Retrospective cohort study

Retrospective cohort study

Nakeshbandi et al20

Pettit et al 21

Retrospective multicentric
cohort study

Rottoli et al18

Hajifathalian et al19

Retrospective study in
young patients

Zhang et al15

Retrospective cohort study
in young age group (18–45
years)

Retrospective cohort study

Palaiodimos et al14

Steinberg et al16

Prospective
cohort study

Type of study

Giacomelli et al13

Author

No. 1/2022

Chicago, US,
March 1–April 18

New York,
March 10–April 13

New York, March 4–
April 9

New Jersey, US,
March 8–April 4

Italy, Feb 28–
March 28

Wuhan, China, Feb
7–March 27

Bronx, New York,
March 9–March 22

Italy, February 21–
March 19

Place and date of
enrollment of
patients

June, 2020

July, 2020

May, 2020

June, 2020

May, 2020

May, 2020

May, 2020

May,2020

Month and year
of publication

Table 2 Baseline characteristics, mortality, and other outcomes related to obesity

238, of which 146 are
obese

684

975–770 had data on
BMI

210

296 ¼ 70 in obese and
226 in nonobese group

Thirteen deceased
patients and 40
matched survivors

200

233, of which 38 obese

Sample size

Obesity-BMI > 30 kg/m2

Three groups of pts based
on BMI
139 pts in Normal weightBMI-18.5–24.99 kg/m2, 150
pts in overweight BMI-25–
29.99 kg/m2 and 215 pts in
obese BMI > 30 kg/m2

BMI > 30 kg/m2¼ obesity
and in Asian
BMI > 27.5 kg/m2
Mean BMI-29
(SD ¼ 8 kg/m2)

BMI> 30 is obesity. Mean
BMI in dead-39.97  7.27 vs
Mean BMI in alive29.75  6.2)

Obese group BMI > 30 and
nonobese group
BMI < 30 kg/m2

BMI 24–28-overweight,
BMI > 28-obesity.
Mean BMI in
deceased ¼ 27.79  5.18

Three groups of patients.
BMI < 25–38 pts, BMI ¼ 25–
34–116 pts, BMI > 35–46
pts. Median BMI (IQR)-30
(26–35 kg/m2)

>30

BMI (in kg/m2)

Obesity is a predictor of
mortality (OR ¼ 1.7, 95%
CI ¼ 1.1–1.8, p ¼ 0.016).

Increased risk of mortality
in overweight (RR ¼ 1.4%,
95%CI ¼ 1.1–1.9) and
obese group (RR ¼ 1.3%,
95%CI ¼ 1.0–1.7)

Obesity associated with ICU
admission or death
(RR ¼ 1.58, p ¼ 0.002) and
in Asian (RR ¼ 1.61,
p ¼ 0.01)

Obesity associated with
mortality signiﬁcantly
(OR ¼
6.29, 95%CI ¼ 1.76–22.46,
p ¼ 0.0046)

On MV analysis, obesity
(OR ¼ 3.11, p ¼ 0.008) is
risk factor for in-hospital
mortality

Higher BMI risk for
mortality in young,
(OR1 ¼ 354, 95%
CI ¼ 1.075–1.704,
p ¼ 0.010)

24% of cohort died, with
higher rates of death in
severe obesity. On
multivariate (MV) analysis
BMI > 35 kg/m2, OR ¼ 3.78,
95%CI ¼ 1.45–9.83,
p ¼ 0.0060

48 patients died (20.6%).
Obesity (aHR ¼ 3.04, 95%
CI ¼ 1.42–6.49), p ¼ 0.004

Mortality outcome

(Continued)

Obesity is a risk factor for
hypoxemia and more likely
to require supplemental
oxygen on presentation
when compared with
normal weight.

Increased risk for intubation
in overweight (RR ¼ 2.0,
95%CI ¼ 1.2–3.3) and
obese (RR ¼ 2.4, 95%
CI ¼ 1.5–4.0)

Obesity associated with
increased risk of intubation
(RR ¼ 1.72, p ¼ 0.002)

Obesity is associated with
mechanical ventilation
(OR ¼ 6.01, p ¼ 0.0001) and
hospital admission
(OR ¼ 2.61, p ¼ 0.0008)

Obese population
presented with more severe
clinical picture at admission
and more likely to require
CPAP, NIV, ICU admission,
and respiratory failure

Obesity corelated with hscTnI, NT-pro BNP. and
coagulation activity

Severe obesity
(BMI > 35 kg/m2)-is
predictor for increased
oxygen requirement (OR:
3.09, p ¼ 0.004) and
intubation (OR: 3.87,
p ¼ 0.001)

Other outcomes studied
related to obesity
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Retrospective cohort study
using federal electronic
network (TriNetX)

Shailendra Singh et al23

Vol. 58

Bello-Chavalla et al24

Cross-sectional study

Retrospective cohort study

Retrospective cohort study

Shah et al22

No. 1/2022

Mexico, May 18

New York, March 1–
May 17

Data from 21
Health care
organizations, US,
January 20–May 16

Southwest Georgia,
US, March 2–May 6

Place and date of
enrollment of
patients

May, 2020

May, 2020

July, 2020

May, 2020

Month and year
of publication

51,633 of which 20.7%
are obese, i.e., 10,708
cases

3406–572 pts younger
than 50 years of age
and 2,834 pts > 50
years

20,296

522, of whom 347 were
obese

Sample size

Obesity: BMI >30 kg/m2

BMI > 30 kg/m2, obesity,
BMI > 40 kg/m2-morbid
obesity. Median BMI in non
survivors age < 50–31.5
(26.8–43) and in age > 50
years 27.3 (23.4–31.6)

Mean BMI37.66  6.98 kg/m2
Two groups-obeseBMI > 30 kg/m2 and control
group BMI < 30 kg/m2

BMI > 30 kg/m2: obesity
and BMI > 40 kg/m2:
morbid obesity

BMI (in kg/m2)

Obesity has increased
lethality risk for COVID-19
(HR ¼ 1.26, 95%
CI ¼ 1.109–1.433). Obesity
mediated 49.5% of the
effect of diabetes on
COVID-19 lethality

In both younger (OR¼ 5.1)
and older (OR ¼ 1.6)
population BMI > 40 was
independently associated
with mortality

Mortality was high in
obesity class 2 (BMI: “ 35–
39.99 kg/m2), RR1 ¼ 43,
95%CI: 1.02–2.00,
p ¼ 0.036 and even higher
in obesity class 3
(BMI > 40): RR: 1.61, 95%
CI ¼ 1.12–2.33, p ¼ 0.001)

Morbid obesity is
independent predictor of
In-hospital mortality (OR¼
2.29,95%CI ¼ 1.11–4.69,
p ¼ 0.02)

Mortality outcome

Obesity also increased risk
for hospitalization, ICU
admission, and intubation

In both younger (OR ¼ 4.1)
and older (OR ¼ 1.5)
population BMI > 40 kg/m 2
was independently
associated with intubation
and mechanical ventilation

Risk of intubation is higher
in obesity group

Obesity is predictor for
intubation and need for
new renal replacement
therapy.

Other outcomes studied
related to obesity
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regarding mortality in COVID-19 showed a signiﬁcant difference between both groups (p < 0.0005), with the proportion
of deaths in obese (38.6%) more than non-obese (17.7%).
Obese patients were signiﬁcantly older and reported a higher
rate of hypertension, chronic obstructive pulmonary disease,
type 2 diabetes, and moderate/severe renal disease.18 Hajifathalian et al described that obese patients were more likely
to present with fever, cough, and shortness of breath and
were also associated with a signiﬁcantly high rate of ICU
admission or death (RR ¼ 1.58, p ¼ 0.002) even after adjusting for age, race, and troponin levels,19 whereas underweight
were not associated with increased ICU admissions or death
(RR ¼ 1.04, p ¼ 0.892). Older age, increased troponin I levels,
and Asian race were other signiﬁcant predictors of ICU
admission or death in primary analysis with three categories
of BMI (normal [including overweight] BMI >18.5 and < 30
kg/m2 [reference category], underweight BMI < 18.5 kg/m2,
and obese BMI > 30 kg/m2) and for Asian race BMI categories
were underweight BMI <18.5 kg/m2, normal (including overweight) BMI > 18.5–27.5 kg/m2, and obese BMI  27.5 kg/m2.
The association between BMI and composite outcome of ICU
admission or death is also evaluated using ﬁve categories of
BMI (normal weight BMI > 18.5 and < 25 kg/m2 (reference
category), underweight BMI < 18.5 kg/m2, overweight
BMI > 25 kg/m2, and BMI < 30 kg/m2, obese BMI >30 kg/m2,
and BMI < 40 kg/m2, and severely obese BMI > 40 kg/m2)
in secondary analysis and it was found that obesity, deﬁned
as > 30 kg/m2 and BMI < 40 kg/m2, was associated with a
signiﬁcantly higher rate of ICU admission or death compared
with normal weight in multivariable analysis (RR ¼ 1.57,
p ¼ 0.012) and severe obesity (i.e., BMI > 40 kg/m2), showed
a trend toward increasing risk, but did not reach statistical
signiﬁcance (RR ¼ 1.75, p ¼ 0.065).
Nakeshbandi et al demonstrated in a retrospective cohort
study in SUNY Downstate Health Sciences University, a
COVID-only hospital in New York that there was a signiﬁcantly increased risk of mortality in the overweight (BMI:
25–29.99 kg/m2) (RR: 1.4, 95% CI: 1.1–1.9) and obese groups
(BMI  30) (RR: 1.3, 95% CI: 1.0–1.7) compared with those
with normal BMI (18.5–24.99). Subgroup analyses were also
performed based on sex and age. Obesity appears to signiﬁcantly increase the risk of mortality in males (RR: 1.4, 95% CI:
1.0–2.0, p ¼ 0.03) but not in females (RR: 1.2, 95% CI: 0.77–
1.9, p ¼ 0.40).20 Age-stratiﬁed analyses demonstrated that
among those 65 or older, being overweight signiﬁcantly
impacted mortality (RR: 1.5, 95% CI: 1.2–2.0, p ¼ 0.002).
Pettit et al did a retrospective cohort study to determine
whether obesity is a predictor of mortality in hospitalized
patients. A total of 238 patients were included, 218 patients
(91.6%) were African American, 113 (47.5%) were male, and
the mean age was 58.5 years. Of the included patients, 146
(61.3%) were obese (BMI > 30 kg/m2), with 63 (26.5%), 29
(12.2%), and 54 (22.7%) with class 1, 2, and 3 obesity with BMI
30–35, 35–40, and > 40 kg/m2, respectively. It was found that
with every increase from one BMI category to the next, there
was a 70% increased odds of mortality in the multivariable
model. Obesity was identiﬁed as a predictor of mortality and
also a risk factor for hypoxemia. Apart from obesity, male
Annals of the National Academy of Medical Sciences (India)
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gender and old age were also found to be predictors of
mortality in this study.21 Shah et al analyzed data using an
electronic medical record of hospitalized COVID-19 patients
at Phoebe Putney Health System in rural southwest Georgia
and demonstrated that out of 522 hospitalized patients, 347
patients (66.5%) were obese and 92 patients, died of whom
52 patients were obese (BMI  30 kg/m2) and 23 patients
(25.6%) were morbidly obese (BMI  40 kg/m2). Apart from
morbid obesity, it was found that immunosuppression,
hypertension, and age > 65 years are independent predictors
of increased mortality.22
Shailendra Singh et al stratiﬁed COVID-19 cases into obese
(BMI  30 kg/m2, 4,289 members) and non-obese control
group (BMI < 30 kg/m2, 3,814 members). They found that
patients in the obese group had signiﬁcantly higher comorbidities, higher prevalence of respiratory symptoms, and
higher inﬂammatory markers (CRP, ESR, and LDH), and
higher proportions were hospitalized when compared with
the control group. Subgroup analysis showed higher mortality in patients with obesity class 2 (BMI-35–39.99 kg/m2) and
class 3 (BMI > 40 kg/m2).23 Bello-Chavolla et al described a
mechanistic score relating obesity and diabetes to COVID-19
outcomes in Mexico and demonstrated that obesity is a
COVID-19 speciﬁc risk factor for mortality, apart from it
being a risk factor for ICU admission, tracheal intubation, and
hospitalization. They also observed that obesity mediates
49.5% of the effect of diabetes on COVID-19 lethality and
there was a ﬁvefold increase in the mortality rate in obese
patients with COVID-19.24

Discussion
The studies included in this review proved that obesity is an
independent risk for mortality in patients with COVID-19
even after adjusting for age, gender, and co-morbidities,
except in a study by Steinberg et al in which co-morbidities
were not taken into account. Studies by Zhang et al, Steinberg et al, and Klang et al included in this review showed
that obesity is a risk factor for mortality in the younger age
group population (18–50 years). The papers included
showed a variable mortality rate, which could be due to
the differences in the sample size, race, BMI cutoffs, and
selection bias. The articles included also demonstrated that
overweight/obesity shows a correlation with the presentation with more severe symptoms, need for hospitalization,
ICU admission, and mechanical ventilation in patients with
this novel coronavirus infection. Thus, there is an increased
need for medical care in the obese population, the prevalence of which is more in western countries when compared with Asian countries and could be one of the possible
explanations for the health care crisis in countries such as
the US and Italy.
Multiple explanations can be put forward for this apparent association between obesity and COVID-19 that include
the following: Obesity can lead to altered respiratory physiology, obesity per se acts as a proinﬂammatory state and
impairs immune surveillance, adipose tissue with an increase in the number of ACE2 receptors, and increased
No. 1/2022
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DPP4 activity, and associated cardiometabolic co-morbidities in obese patients.25
Obesity leads to direct mechanical changes due to fat
deposition on the chest wall, abdomen, and upper airway,
leading to limited chest wall expansion and obstructive sleep
apnea, respectively.26 Pulmonary function abnormalities in
obese patients include reduction in lung compliance, reduction in the expiratory reserve volume (ERV), functional
residual capacity (FRC), and total lung capacity (TLC), and
there is also a reduction in respiratory muscle strength,
increased airway resistance, heterogeneity of ventilation
distribution, increase in pulmonary diffusion, and hypercapnic respiratory failure in obesity. Superadded COVID-19 on
already compromised lung function can increase the need for
invasive mechanical ventilation as seen in the study by
Simonnet et al. Excess fat could also lead to the possible
presence of ectopic adipocytes with ACE2 receptors within
the alveolar interstitial space that may suffer direct viral
infection with SARS-CoV2 and, in turn, aggravate the inﬂammatory inﬁltrate, therefore contributing to the massive
interstitial edema.
Excess adipose tissue in obese patients is associated with
the production of various proinﬂammatory cytokines, including tumor necrosis factor-α (TNF-α), interleukin-1-β (IL1β), and interleukin-6 (IL-6) and thus may lead to exaggerated cytokine storm and may play a role in SARS-CoV-2
driven hyperinﬂammation, leading to ARDS and multiorgan
failure. There is increased susceptibility of obese individuals
to oxidative damage due to depletion of enzymes that are
active in antioxidant pathways, including superoxide dismutase (SOD), glutathione peroxidase, and catalase. Antioxidant pathways associated with vitamins A, C, and E and βcarotene also seem to be depleted, thus compromising the
host defense mechanism.27 Zinc is known to modulate
antiviral and antibacterial immunity and regulate the inﬂammatory response. Zinc possesses anti-inﬂammatory activity by inhibiting the NF-κB signaling and modulation of
regulatory T cell functions that may limit the cytokine storm
during COVID-19 infection. Indirect evidence also indicates
that Zn2þ may decrease the activity of angiotensin-converting enzyme 2 (ACE2), known to be the receptor for SARSCoV-2. Obesity is mentioned among the risk groups associated with zinc deﬁciency along with aging, diabetes, and
cardiovascular diseases.28,29
Excess adipose tissue can lead to increased visceral fat in
areas such as atrioventricular and interventricular grooves.
Adipokines released from epicardial fat can have a negative
inotropic effect locally and increase systemic inﬂammation.
In COVID-19 patients, there is a cytokine storm and dysregulated immune system, which can aggravate this epicardial
fat-induced inﬂammation and lead to myocarditis and myocardial dysfunction in obese patients as hypothesized by Lei
Zhao.30
Angiotensin-converting enzyme 2 (ACE2), a surface receptor for SARS-CoV, directly interacts with the spike glycoprotein (S protein).31 A study suggested that the afﬁnity
between ACE2 and the receptor-binding domain (RBD) of
SARS-CoV-2 is 10 to 20 times higher than that with the RBD
Annals of the National Academy of Medical Sciences (India)
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of SARS-CoV, indicating that ACE2 might also be the receptor
for SARS-CoV-2.32 There is increased expression of ACE2
receptors with excess adipocytes seen in obese patients, thus
facilitating the viral entry. ACE2 was reported to be widely
expressed in various organ systems including the cardiovascular system, kidneys, lungs, and brain33 which could be an
explanation why some COVID-19 patients died of multiple
organ failure.
It is well known that MERS-CoV infection is mediated by
the binding of its S1 protein to the β-propeller domain of
DPP4 for viral entry.34 Similarly, Vankadari and Wilce demonstrated a model that suggested a large binding interface
between the SARS-CoV-2 S1 glycoprotein and DPP4, indicating a tight interaction and facilitating host cell binding and
entry.35 DPP4 acts as a co-stimulator for T cell activation by
binding to adenosine deaminase (ADA). It also enhances
lymphocyte proliferation, independent of ADA binding. As
adenosine is a potent suppressor of T cell proliferation,
inducing its degradation through increased DPP4 activity
can increase T cell proliferation. Obese subjects demonstrate
increased levels of DPP4 expression in dendritic
cell/macrophage cell populations from visceral adipose tissue, potentiating inﬂammation in obesity by interacting
with ADA,36 so this immune dysregulation may also contribute to increased mortality during this novel coronavirus
infection.
Obese individuals exhibit a persistent proinﬂammatory
state that leads to insulin resistance, endothelial dysfunction,
systemic arterial hypertension (SAH), and dyslipidemia.37
These factors culminate in type 2 diabetes mellitus (T2DM)
38
and promote atherogenesis, which in turn increases the
risk of coronary heart disease, stroke, and heart failure; all
these co-morbidities increase morbidity and mortality in
patients with COVID-19 as shown in various studies across
the globe.39–42 The main limitation of this study is the
qualitative analysis of the included study was not done;
therefore, this is only a narrative systematic review.

Conclusion
Obesity has emerged as a signiﬁcant risk factor for mortality
apart from being a risk factor for increased hospitalization
and severity in COVID-19 disease. Obesity leading to altered
respiratory physiology, acting as a proinﬂammatory state,
and association with cardiometabolic comorbidities can be a
possible explanation for emerging as a risk factor for severe
SARS-CoV-2 infection. So appropriate triage, monitoring, and
vigilance are required while treating an obese patient with
SARS-CoV2 infection, especially in young obese individuals
and during this pandemic times as there is a health care
crisis. As most of the countries in the world were in lockdown
until recently with restriction of daily routines, which can
increase the prevalence of obesity, with the relaxation of
lockdown now preventive strategies such as moderate-intensity exercises, appropriate nutrition as per body weight,
and measures to improve immunity should be taken as there
is a long way to go until the availability of vaccine or
development of herd immunity. More epidemiological
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studies need to be done taking BMI also into consideration in
COVID-19 patients to ﬁnd the cause of increased severity and
mortality in this cohort and to develop appropriate preventive and therapeutic strategies.
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