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Obese patients are at increased risk of exacerbations from 
viral respiratory infections. During the H1N1 pandemic, 
obesity was associated with an increased risk of influenza-
associated intensive care unit (ICU) admission and death, 
longer duration of mechanical ventilation, and longer duration 
of ICU and hospital length of stay compared with the non-
obese. These observations have raised a concern about 
the correlation between obesity and the current COVID-19 
pandemic. In this review, we have outlined the potential 
impacts of obesity on respiratory physiology and the function 
of both innate and adaptive immune responses. Also, it has 
been clearly illustrated that obese patients are potentially 
more vulnerable to COVID-19 and more contagious than 
lean patients. The comorbidities associated with obesity 
were found to be correlated with a severe clinical course of 
COVID-19 and increased mortality and high BMI has been 
shown to be correlated with hospitalisation, the need for 
mechanical ventilation and non-survival. The review also sheds 
light on the challenges that obese patients pose for healthcare 
providers inside and outside ICUs. 
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Introduction

Coronavirus disease 2019 (COVID-19) is a current pandemic 
outbreak caused by a novel coronavirus now called severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). The virus is an 
enveloped RNA virus found in humans and wildlife that was first 
identified in Wuhan City, Hubei Province, China.1 Epidemiological 
investigations revealed an initial connection with a seafood market 
that sold live animals, which was then closed for disinfection.2 
However, the epidemic progressed, with the main mode of 
transmission being person-to-person spread. COVID-19 was first 
reported to the World Health Organization (WHO) on 31 December 
2019. On 30 January 2020, the WHO declared the COVID-19 to be 
a world pandemic disease.3
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Older patients with comorbidities such as chronic pulmonary 
diseases, heart diseases, kidney diseases, diabetes and hypertension 
were vulnerable to a more severe course of the disease with 
higher mortality rates. According to a CDC report, the commonest 
underlying conditions among those hospitalised with COVID-19 
were diabetes, chronic lung disease, and cardiovascular disease.4 
Obesity is well known to be a risk factor for cardiovascular diseases 
and diabetes mellitus. Besides, many respiratory complications were 
associated with obesity, including increased demand for ventilation, 
increased work of breathing, respiratory muscle inefficiency, and 
diminished respiratory compliance.5 When compared to China, 
obesity is more prevalent in Italy, which might contribute to the 
different fatality rates between the two countries.6 Another point 
of note is that the United States, which currently has the highest 
mortality rates from COVID-19, has a high prevalence of obesity 
compared to China when obesity is defined by BMI.7 Also, from 
the previous experience of the impacts of obesity on mortality 
during the H1N1 influenza epidemic, several challenges have been 
encountered when dealing with obese patients inside and outside 
the intensive care units (ICUs). All of these observations have raised 
concerns about the impacts that obesity could have on COVID-19. 

The impacts of obesity on respiratory physiology 

COVID-19 pneumonia has at least two distinct phenotypes, 
low (L) phenotype and high (H) phenotype. The L phenotype is 
characterised by low elastance (nearly normal/normal compliance 
which means that the amount of gas in the lung is almost normal), 
low ventilation-to-perfusion (VA/Q) ratio, low lung recruitability (very 
low amount of non-aerated tissue), and yet substantial hypoxemia. 
As the volume of gas is almost normal, hypoxemia is thought to be 
attributable to the loss of regulation of perfusion and loss of hypoxic 
vasoconstriction (pulmonary arterial vasoplegia). In this situation, 
the factor limiting pulmonary function will be perfusion. The normal 
response to hypoxemia is by increasing minute ventilation, primarily 
by increasing the tidal volume. The near-normal compliance 
explains why some COVID-19 patients have no dyspnea, as the 
patient inhales the volume that he expects.

On the other hand, the H phenotype is characterised by high 
elastance, low compliance, high right-to-left pulmonary shunts 
and high recruitability. In this case, the factor limiting pulmonary 
function will be ventilation. The type H pattern fully fits the 
criteria of severe ARDS (hypoxemia, bilateral infiltrates, decreased 
respiratory system compliance, increased lung weight and 
potential for recruitment). 

 In general, obesity is characterised by a decrease in total 
respiratory system compliance. This is partially due to a decrease 
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in lung compliance, which could be related to the increased 
pulmonary blood volume seen in obese subjects. The primary 
reason, however, is the decrease in chest wall compliance that is 
due to accumulation of fat in and around the ribs and diaphragm 
and in the abdomen. The impacts of obesity on respiratory 
physiology also include increased airway resistance and work 
of breathing, respiratory muscle inefficiency, and ventilation–
perfusion inequality. It also associated with a symmetrical 
decrease in forced expiratory volume in one second (FEV-1) and 
forced vital capacity (FVC) in mild to moderate obesity.5 Severe 
obesity is associated with a greater decrease in FEV-1.

Obese subjects spend considerable energy to overcome the 
reduction in chest wall compliance (the elastic work). In addition, 
considerable energy must also be spent to overcome the air flow 
limitation and the airway resistance (the non-elastic work). The 
obese must also dedicate a disproportionately high percentage of 
total oxygen consumption (VO

2
) to respiratory work, even during 

quiet breathing. This relative inefficiency indicates a decreased 
ventilatory reserve and a propensity to respiratory failure, in the 
setting of even mild systemic or pulmonary insults. Taken together, 
the already attenuated respiratory system of obese subjects can 
be severely compromised from any respiratory insults, meaning 
that these patients will struggle to recover if they have developed 
any severe illnesses that can deleteriously affect the respiratory 
function, like COVID-19.

To date, there are no published studies that mention the relation 
between obesity and the ventilator phenotypes of COVID-19. 
However, an increased prevalence of obesity has been found 
among patients with SARS-CoV-2 pneumonia with ventilatory 
phenotype H (ARDS-like). From the ventilatory point of view, these 
patients need high positive end-expiratory pressure (PEEP) and 
respond well to prone positioning and extracorporeal support.8

The vulnerability of obese populations to contracting 
COVID-19 

Studies have shown that the SARS-CoV receptor ACE2 is used by 
the SARS-CoV-2 spike protein as a co-receptor for host cell entry.9 
ACE2 is highly expressed in the heart and lungs. In adipose tissue, 
the expression of ACE2 is higher than in lung tissue, the main 
target tissue affected by COVID-19.10 Adipose tissue might also be 
a target site for COVID-19 infection. Obese subjects, who have an 
increased amount of adipose tissue, have an increased number 
of ACE2-expressing cells and therefore a larger amount of ACE2. 
However, there was no difference in adipocyte expression of ACE2 
protein between obese individuals and those without obesity.11 
These findings might contribute to the hypothesis that obese 
populations are at increased risk for COVID-19 infection.

After the initial engagement of the SARS-CoV-2 spike protein to 
the ACE2 receptor, there is downregulation of the membrane-bound 
ACE2. This downregulation of ACE2 activity in the lungs will lead 
to an unopposed accumulation of angiotensin II, the substrate for 
ACE2. Angiotensin II (ANG II) accumulation will lead to increased 
neutrophil accumulation, increased vascular permeability, and 
exacerbated pulmonary oedema, which will eventually lead to ARDS.

Obesity, both in humans and in experimental animals, is 
associated with an imbalance in the renin–angiotensin–aldosterone 
system (RAAS), resulting in an over-expression of the angiotensin 
II (ANG II) and angiotensin II receptor type 1 (AT1R) axis both 
at the level of adipose tissue and at systemic level. Moreover, the 
expression of ACE2 is considerably greater in visceral adipose tissue 
than in the subcutaneous adipose tissue. As long as adipose tissue 

can act as a reservoir for influenza A virus, HIV, human adenovirus 
Ad-36, and cytomegalovirus, SARS-CoV-2 can also use the adipose 
tissue as a reservoir to affect other parts of the body.12 Upon that, 
obese subjects, especially those with extensive visceral adipose tissue, 
may develop an explosive systemic response of the ANG II and AT1R 
axis and could host and store an expansive viral load, which might 
lead to the development of a more severe form of the disease.

Obesity and comorbidities

Depending on the degree, duration, and distribution of the excess 
adipose tissue, obesity can progressively cause and/or exacerbate 
a variety of comorbidities, including hypertension, type 2 diabetes 
mellitus, dyslipidemia, cardiovascular diseases.13 According to many 
studies, comorbidities including cardiovascular disease, hypertension, 
diabetes mellitus, and chronic lung diseases4,14,15 have been found 
to be associated a with severe clinical course of COVID-19 and 
increased mortality. Therefore, obesity can potentially contribute to 
increased morbidity and mortality among COVID-19 patients.

The impacts of obesity on immunity 

Generally, obesity is characterised by a state of chronic and 
low-grade inflammation and obese patients are affected at 
various levels of their innate and adaptive immune responses.16 
Expanded adipose tissue seen in obese adults is mainly due to 
adipocyte hypertrophy rather than adipocyte hyperplasia.17 Such 
hypertrophic lipid-engorged adipocytes are more likely to activate 
endoplasmic reticulum and mitochondrial stress responses 
along with mechanical stress-inducing shear on the extracellular 
environment. These factors together promote the activation of a 
chronic, pro-inflammatory state within the adipose tissue.18

Obese patients have chronically lowered concentration of 
adiponectin (an anti-inflammatory adipokine) and higher levels 
of leptin (a pro-inflammatory adipokine).19 There is an excess 
production of leptin and other pro-inflammatory cytokines such 
as TNF alpha, IL-6, MCP-1, and IL-1ß in adipose tissue, which 
leads to pro-inflammatory excess energy milieu. The abundance 
of these pro-inflammatory mediators in adipose tissue leads to 
dysfunction of the innate immunity under obesity.20 Also, such 
an increase is associated with increased tissue inflammation and 
increased mortality upon infection in diet-induced obesity model 
(DIO model),21 which uses animals that have obesity caused by 
being fed high-fat or high-density diets. The chronic inflammatory 
state also blunts the activation of macrophages when an antigen 
is presented. Moreover, it reduces the pro-inflammatory cytokine 
production upon macrophage stimulation.22 This blunted 
activation of macrophages upon antigen presentation may 
explain the failure of vaccination in obese people.

Diabetes mellitus is reported as one of the commonest 
comorbidities associated with COVID-19 hospitalisations.4 The 
excess TNF alpha impairs the translocation of glucose transporter 
type 4 to the surface of skeletal muscle cells, leading to an 
increased mobilisation of free fatty acids (FFAs) from adipose 
into the circulation.23,24 Free fatty acids and triglycerides (TGs) are 
released into the bloodstream, which leads to the accumulation 
of lipid derivatives in skeletal muscle, liver, and pancreatic ß-cells. 
This accumulation results in impaired tissue functioning and 
systemic insulin resistance. Another addressable factor for the 
insulin resistance is that the abundance of TNF alpha, leptin, and 
other pro-inflammatory mediators block the production of insulin-
sensitising adipokines such as adiponectin.25
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Human studies revealed that the obese state is associated with 
either increased or decreased total lymphocytes in the peripheral 
blood.26–28 The CD8+ T cells are decreased and CD4+T cells 
are increased or decreased.28,29 B and T cell responses are also 
disrupted in obese patients, with reduced lymphocyte proliferative 
response. These disrupted responses result in increased sensitivity 
and delay in the resolution of viral infections.30 Obesity is also 
characterised by impaired memory CD8+ T cell responses to 
influenza virus infections, resulting in increased mortality, elevated 
viral titers in lung and worsened lung pathology.31 Such adverse 
effects were accompanied by an obesity-induced inability to 
produce and maintain influenza-specific CD8+ memory T cells 
which are important for the effectiveness of the vaccine.31

Zhang et al hypothesized that leptin was a cofactor for the H1N1 
pandemic in 2009.32 The metabolic dysfunctions that are associated 
with obesity often lead to systemic leptin resistance.33 This resistance is 
associated with reduced bone marrow hematopoiesis and decreased 
T cell production and development in the thymus.34,35 Together,these 
disturbances result in diminished initiation of the immune responses, 
decreased memory T cell reactions and decreased efficacy of 
vaccination.36 This impaired pro-inflammatory response has led to the 
severe lung lesions seen in patients of the H1N1 pandemic. 

Obese patients are potentially more contagious than 
lean people 

Studies have shown that obese patients are potentially more 
contagious than lean subjects in the setting of viral infections. Firstly, 
obesity increases the duration of viral shedding; symptomatic obese 
patients shed the virus 42% longer than people who do not have 
obesity.37 Secondly, the obesity state is characterised by a delayed 
capacity to produce interferons in human and animal studies.38,39 
This delay in the production of the interferon enables further viral 
RNA replication to increase the chances of new, more virulent 
viral strains emerging.39 Thirdly, BMI was found to be positively 
associated with the level of infectious virus in the exhaled air.40

Obesity in the clinical setting 

Previous experience of the impacts of obesity on H1N1 Influenza 
mortality shows that obese patients who become ill and required 
intensive care pose many challenges regarding their management. 
They are more challenging to intubate and to image. Due to the 
challenge of acquiring venous access, obesity has been shown 
to increase the risk of ICU acquired catheter and bloodstream 
infections.41 The obese are also more difficult to position and 
transport by the nursing staff and at higher BMI levels may need 
special beds and positioning/transport facilities that are not often 
available outside specialised bariatric surgical units.42

Another point of great concern is the fact that self-isolated 
obese people who prefer to avoid social interaction are already 
been stigmatised. And as social isolation may be misconstrued 
around their obesity, the healthcare providers need to guard 
against obesity stigma more than ever before.

Early data 

The identification of obesity as an independent risk factor for 
hospitalisation and death in H1N1 influenza43 led to suspicion 
that it would have a significant impact on the current COVD-19 
pandemic and concerns about the effects of obesity on COVID-19 

have been further substantiated by preliminary data from many 
hospitals. 

One of the first published studies of BMI data was a descriptive 
study of a small group of 24 critically ill patients (64% male) 
diagnosed with COVID-19 in the Seattle area, Washington (three 
patients were in normal category BMI, seven were overweight, 13 
were obese and one had missing data). The study found that 85% 
of obese patients required mechanical ventilation and 62% of obese 
patients died. These proportions are higher than those in non-obesity 
patients, where 64% needed mechanical ventilation and 36% died.44

In a study performed in the Third People’s Hospital of Shenzhen, 
China from 11 January to 16 February 2020, 383 admitted 
patients with COVID-19 were included, and they were classified 
according to BMI as underweight (BMI lower than 18.5 kg/m2), 
normal weight (18.5–23.9 kg/m2), overweight (24.0–27.9 kg/m2), 
and obese (≥28 kg/m2).45 The study concluded that overweight 
patients were associated with an 86% higher risk, and obesity with 
a 142% higher risk, of developing severe pneumonia compared 
with normal weight patients.

In another retrospective study of 112 patients with COVID-19 
infection admitted to the western district of Union Hospital in 
Wuhan, the authors found that the highest BMI was seen more 
often in serious cases and non-survivors.46 Thromboembolic events 
were an important cause of death, and as long as obesity status 
is recognised as an important cause of thromboembolic events, 
obesity can be considered as an aggravating risk factor for death 
from COVID-19 infection.47

Using the ISARIC WHO Clinical Characterization Protocol, the 
features of 16,749 hospitalised patients with COVID-19 in the 
UK have been studied. This prospective observational cohort 
study has been performed in 166 UK hospitals during the period 
between 6 February and 18 April 2020. Chronic cardiac disease 
was the most common documented comorbidity (29%). Next in 
order of frequency were uncomplicated diabetes (19%), non-
asthmatic chronic pulmonary disease (19%) and asthma (14%), 
whereas 47% were found to have no reported comorbidity. Of the 
hospitalised patients, 17% required critical care. Poor outcomes 
were associated with being elderly, male and obese. In addition to 
increased age, comorbidities including obesity were found to be 
associated with a higher probability of mortality.48 ISARIC, based 
on hospital survey data (2,212 deaths), revealed a hazard ratio 
(HR) of 1.37 for death linked to clinician-reported obesity among 
16,749 hospitalised patients, after correction of age and sex (95% 
confidence interval 1.16–1.63).

Recently, a large cohort study examined the factors associated 
with COVID-19-related hospital death in the linked electronic health 
records of 17 million adult NHS patients. It found that the risk of 
death increased with the degree of obesity: fully adjusted HR was 
1.27 for BMI 30–34.9 kg/m2, increasing to 2.27 for BMI ≥40 kg/m2.49 

According to the Intensive Care National Audit and Research 
Centre (ICNARC) report on 8,699 patients with COVID-19 
being treated in ICUs in England (released 15 May 2020), BMI 
distribution revealed that 35.2 % of the patients were overweight 
(BMI 25–30 kg/m2), 31.0% were obese (BMI 30–40 kg/m2), and 
7.6% classified as having morbid obesity (BMI >40 kg/m2). 

Newly released statistics from New York indicated that for those 
under the age of 60, obesity was twice more likely to result in 
COVID-19 hospitalisation. The study, which included 4,103 patients 
with COVID-19 at an academic health system in New York City, 
showed that BMI >40 kg/m2 was the second strongest independent 
predictor of hospitalisation after old age.50
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Finally, in a small study from a university hospital in Lille, France, 
which enrolled 124 patients with COVID-19, the need for invasive 
mechanical ventilation was associated with a BMI of ≥35, 
regardless of other comorbidities.

Conclusion

In conclusion, obesity is a well-recognised cause of respiratory 
function compromise which might make these group of patients 
at risk of a more severe clinical course if they contract COVID-19. 
We have also concluded that obese subjects are potentially more 
vulnerable to become infected with COVID-19, and are more 
contagious when they do so with a prolonged period of viral 
shedding. Obesity has been found to be a strong independent 
risk factor for hospitalisation in COVID-19, and to cause or 
exacerbate a variety of comorbidities which have been proven 
to be associated with increased morbidity and mortality among 
COVID-19 patients. Moreover, obese individuals have defective 
responses of both innate and adaptive immunity, with decreased 
response to vaccinations. And finally, obese patients are likely 
to strain the health system as they pose many challenges to 
healthcare provision inside and outside the ICUs. Results from 
many recently published studies have led to the conclusion that 
obesity is associated with poor outcomes in COVID-19, with a 
higher probability of mortality. Measurement of anthropometric 
characteristics for obesity is vital in both the primary care setting 
and in the hospital setting for a better estimation of the risk of 
complications in COVID-19 patients. 
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