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ABSTRACT 
 
Background: Coronavirus Disease 2019 (COVID-19) is an infectious disease of the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) which first appeared at the end of 2019 in the 
city of Wuhan, China. Obesity is one of the comorbidities that increases the risk of COVID-19 
severity. This study aims to estimate the magnitude of the effect of obesity on the risk of COVID-19 
severity based on similar previous primary studies.  
Subjects and Method: This research is a systematic review and meta-analysis conducted by 
following the PRISMA flow diagram. The process of searching for articles through Google Scholar, 
PubMed and ScienceDirect journal databases by selecting articles published from 2020 to 2021. 
The keywords used include: “obesity” AND “severity” AND “COVID-19” OR “SARS-CoV-2” AND 
“cohort”. The inclusion criteria were full paper articles, open access with a cohort study design, 
articles in English. PICO in this study Population: COVID-19 Patients, Intervention: Obesity, 
Comparison: Not Obese, and Outcome: Severity. Data were analyzed using RevMan 5.3. 
Results: A total of 10 cohort studies involving 5,274 COVID-19 patients from the Americas, 
Europe and Asia were selected for a systematic review and meta-analysis. The results of the meta-
analysis showed that obese COVID-19 patients had a 2.01 times risk of experiencing severity 
compared to non-obese patients (aOR= 2.01; 95% Cl= 1.58 to 2.57; p<0.001). This meta-analysis 
has heterogeneity I2= 52%, so it uses a random effect model.   
Conclusion: Obesity may increase the risk of severity in hospitalized patients diagnosed with 
COVID-19. 
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BACKGROUND 

At the end of 2019, precisely in December, 

the world was shocked by an incident that 

made many people nervous, namely the 

emergence of a new virus known as Corona-

virus Disease 2019 (COVID-19) (Huang et 

al., 2020). The emergence of COVID-19 has 

attracted global attention, and on January 

30, 2020 the World Health Organization 

(WHO) has declared COVID-19 a global 

pandemic with a total number of reported 

cases in December 2021 of approximately 

271 million people exposed to COVID-19 

and causing 5.32 million deaths (WHO, 

2021). COVID-19 is an infectious disease of 

the severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) which first appear-

ed in the city of Wuhan, China (Huang et 

al., 2020). Common signs and symptoms of 

COVID-19 infection include symptoms of 

acute respiratory distress such as fever, 

cough and shortness of breath (Dong et al., 

2020). 
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As many as 88% of deaths in SARS-

CoV-2 positive patients are due to a history 

of comorbidities (Grippo et al., 2020). Pa-

tients with underlying comorbidities are 

more likely to contract COVID-19 and de-

velop severe and clinically deteriorating 

conditions than patients without comor-

bidities (Dong et al., 2020). At the begin-

ning of the COVID-19 pandemic, obesity 

was one of the highest comorbid factors in 

COVID-19 patients. Obesity as a medical 

condition itself has reached the stage of a 

pandemic. Globally there are 650 million 

(13%) obese people and more than 2 billion 

(39%) overweight people (WHO, 2021). 

Obesity predisposes individuals to deve-

lop many conditions with other comorbid-

dities including hypertension, diabetes mel-

litus, cardiovascular disease, kidney disease 

and some cancers. Obesity as a comorbidity 

in COVID-19 patients poses a response me-

chanism similar to hypertension and dia-

betes mellitus. These mechanisms include 

increased proinflammatory responses and 

the expression of Angiotensin Converting-

Enzyme Type-2 (ACE-2) receptors that exa-

cerbate cytokine storms. So that obesity can 

lead to an increased risk of severity to death 

in COVID-19 patients (Caussy et al., 2020; 

Grippo et al., 2020). 

The emergence of data on the increasing 

prevalence of obesity among hospitalized 

COVID-19 patients has attracted the atten-

tion of doctors. The need for mechanical 

ventilator support increases in parallel with 

the increase in body weight or Body Mass 

Index (BMI) of COVID-19 patients, thus 

showing a strong correlation between the 

severity of COVID-19 and obesity (Sim-

monnet et al, 2020). 

Meta-analysis is an epidemiological de-

sign that aims to systematically examine 

and combine quantitative estimation re-

sults from a number of previous studies 

that address the same research problem 

and can be combined (Mikolajewicz & Ko-

marova, 2019). A systematic review and 

meta-analysis of this study was conducted 

with the aim of increasing the generalizabi-

lity of the findings and obtaining convin-

cing conclusions from various similar stu-

dies regarding the effect of obesity on the 

severity of COVID-19. The analysis was car-

ried out on 5,274 COVID-19 patients. 

 

SUBJECTS AND METHOD 

1. Study Design 

The design used in this study is a systematic 

review and meta-analysis that uses second-

dary data in the form of data obtained from 

previous research from the Google Scholar, 

ScienceDirect and PubMed databases with 

a range of 2020 to 2021. The search key-

words used include: "obesity" OR “over-

weight” AND “severity” AND “COVID-19” 

OR “SARS-CoV-2”AND “cohort”. 

2. Inclusion Criteria  

The inclusion criteria in this study were full 

paper and open access articles, using an ob-

servational cohort study design, the size of 

the relationship used with the adjusted 

odds ratio, the article must state that the 

population is patients exposed to COVID-19 

who are hospitalized, the intervention used 

is obesity and the outcome analyzed is di-

sease severity. 

3. Exclusion Criteria 

The exclusion criteria for this study were 

articles using other than English, the study 

was conducted with a cross sectional, case 

control, and Randomized Controlled Trial 

(RCT) design, the article did not include the 

adjusted odds ratio (aOR), and was 

published before 2020.  

4. Operational Definition of Variable 

Obesity with the definition of exces-

sive fat accumulation so that body 

weight is above normal with BMI 30 

kg/m2, is categorized as obese and not obe-

se with a categorical scale. 
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Severity by definition of COVID-19 

progressing to stage III which is severe 

status with multi-organ dysfunction and cy-

tokine storm with immune dysregulation, 

patient is in ICU, categorized as severe and 

not severe with categorical scale. 

5. Instrument Study 

The article search process is guided by the 

PRISMA flow diagram. The quality of the 

research was assessed using the Cohort Stu-

dy Checklist published by the Critical Ap-

praisal Skills Program (CASP) in 2018. 

6. Data Analysis  

The analysis in this study was carried out 

using the RevMan 5.3 software. The analy-

sis was carried out on 5,274 COVID-19 pati-

ents. The results of the analysis are present-

ed in the forest plot and the possibility of 

bias is presented in the funnel plot.  

 

RESULTS 

The results of the article search can be seen 

in Figure 1, there are 3,423 articles iden-

tified from the database used in the study. 

Furthermore, the deletion of duplicate data 

of 410 articles resulted in 3,013 filtered arti-

cles. Based on the filtered articles, there we-

re 2,924 articles that had to be issued and 

89 full text articles that met the require-

ments were obtained. Articles that have met 

the qualitative requirements were reviewed 

again and 10 articles were found that met 

the quantitative requirements and were 

subjected to a meta-analysis. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Search Results of Research Articles with PRISMA Flow Diagrams 

Articles included in the quantitative 
synthesis (meta-analysis) (n= 10) 

The process of searching articles 
from the database (n = 3,423) 

 
(Google Scholar n=1,231; ScienceDirect 

n=982; dan PubMed n=1,210) 

Filter articles according to criteria 
  (n=3,013) 

Removing duplicate 
articles: (n=410) 

Choose a decent full text article 
(n= 89) 

Articles excluded (n=2,924) 

The title is irrelevant (n= 1,329) 
Does not speak English (n=10) 
No Open access (n=1.585) 

Articles included in the qualitative 
synthesis (Systematic review) 

  (n= 10) 

Exclusive articles (n = 79) 

Not a cohort study (n=43) 
Outcome not severity 
(n=20) 
Not reporting aOR (n= 16) 
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Research articles come from three 

continents, namely America, Europe and 

Asia. Table 1 shows that 10 articles from the 

study cohort provide evidence of the influ-

ence of obesity on the severity of COVID-19. 

Based on the results of the analysis in Fi-

gure 2, it can be seen that as many as 10 

articles report that comorbid obesity can 

increase the risk of severity in hospitalized 

patients diagnosed with COVID-19. Based 

on the results of the analysis there is a high 

heterogeneity between experiments (I2 = 

52%) so that the Random Effect Model 

(REM) is used. The results of this study 

showed that hospitalized COVID-19 pati-

ents with comorbid obesity had a 2.01 times 

risk of developing severe disease compared 

to patients without comorbid obesity (aOR 

= 2.01; 95% Cl = 1.58 to 2.57; p<0.001). 

Based on Figure 3 Funnel Plot of the 

influence of obesity on the severity of 

COVID-19, the plots on the right and left 

sides are asymmetrical to each other and do 

not form an inverted funnel. The left plot 

has a standard error between >0 to >0.2 

and the right plot has a standard error bet-

ween >0.2 to 0.8. This identifies that in this 

study there is a real bias (overestimate). 

 

 

 

 

 

 

 

 

 

Figure 2. Forest Plot Effect of Obesity on the Severity of COVID-19 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Funnel Plot of the Effect of Obesity on the Severity of COVID-19
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Table 1. Summary Source of the Effect of Obesity on the Severity of COVID-19 

Author 
(Year) 

Country 
Study 
design  

Total of sample 
Population 

(P) 
Intervention 

(I) 
Comparison (C) 

Outcome 
(O) 

Patient of 
COVID-19 

Patient of 
obesity (%) 

Biscarini et 
al. (2020) 

Italy 
(Europe) 

Cohort 331 74 (22.4%) COVID-19 
patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 
COVID-19 patients 

Cai et al. 
(2020) 

China (Asia) Cohort 383 41 (10.7%) COVID-19 
patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 
COVID-19 patients 

Ebinger et al. 
(2020) 

California 
(America) 

Cohort 442 71 (16.1%) COVID-19 
patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 
COVID-19 patients 

Fresan et al. 
(2021) 

Spain 
(Europe) 

Cohort 176 10 (5.7%) COVID-19 
patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 
COVID-19 patients 

Hajifathalian 
et al. (2020) 

New York 
(America) 

Cohort 770 227 (29.5%) COVID-19 
patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 
COVID-19 patients 

Jayanama 
et al. (2021) 

Thailand 
(Asia) 

Cohort 147 46 (31.3%) COVID-19 

patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 

COVID-19 patients 

Palaiodemos 
et al. (2020) 

New York 
(America) 

Cohort 200 46 (23.0%) COVID-19 

patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 

COVID-19 patients 

Suresh et al. 
(2021) 

America Cohort 1.983 1.031 (51.9%) COVID-19 

patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 

COVID-19 patients 

Yoshida 
 et al. (2021) 

California 
(America) 

Cohort 776 409 (52.7%) COVID-19 

patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 

COVID-19 patients 

Zheng 
 et al. (2021) 

China 
(Asia) 

Cohort 66 45 (68.2%) COVID-19 

patient 

Obese COVID-
19 patients  

Non obese 
COVID-19 patients 

Disease severity in 

COVID-19 patients 

www.jepublichealth.com 
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DISCUSSION 

A systematic review and meta-analysis of 

this study reported that obesity may increa-

se the risk of severity in hospitalized pati-

ents diagnosed with COVID-19 (aOR= 2.01; 

95% Cl= 1.58 to 2.57; p<0.001). This is in 

line with a study conducted by Cai in 2020 

conducted at a hospital in Shenzhen China, 

the study reported that obesity, especially 

in men, significantly increases the risk of 

severity of COVID-19. 

A study conducted in New York City 

reported that obese patients with COVID-19 

were more likely to come to the hospital 

with more severe symptoms and have an 

increased need for mechanical ventilation 

and double the risk of serious illness requi-

ring admission to the Intensive Care Unit. 

(ICU) in obese COVID-19 patients (Hajifa-

thaliaan et al., 2020). 

The prevalence of obesity among 

COVID-19 patients was also analyzed by 

Caussy and colleagues in 2020, who repor-

ted a 2.8% increase in the prevalence of 

obesity in patients with COVID-19 admitted 

to the ICU. This is because obesity can 

change lung homeostasis and can affect res-

piratory health through different mecha-

nisms, so obese COVID-19 patients must 

receive more intensive care (Caussy et al., 

2020). ICU patients with severe COVID-19 

had higher levels of Interleukin-6 (IL-6), 

Tumor Necrosis Factor-alpha (TNF-α) than 

patients not admitted to the ICU, indicating 

the presence of a hyperinflammatory condi-

tion also known as cytokine storm.  

The mortality and morbidity rates for 

COVID-19 patients with critical conditions 

in the world are quite high. The study ex-

plained that the majority of patients infec-

ted with critically ill COVID-19 had multi-

ple organ dysfunction or multiple organ 

dysfunction syndrome (MODS), of which 

67% had Acute Respiratory Distress Syn-

drome (ARDS), 29% had liver dysfunction, 

29% had acute kidney injury (AKI), 23% 

with cardiac injury, and 2% with pneumo-

thorax (Shang et al, 2020; Li et al., 2020). 

One of the triggers for the emergence of 

ARDS in COVID-19 patients is pneumonia. 

Obese patients with COVID-19 have a 

higher risk of severe pneumonia than 

normal weight COVID-19 patients (Gatti-

noni et al., 2020; Tay et al., 2020; Pranata 

et al., 2020). The outcome of ARDS pati-

ents caused by COVID-19 is worse than that 

of ARDS patients caused by other diseases 

(Gibson et al., 2020). 

One of the main features of ARDS in 

COVID-19 is the presence of a cytokine 

storm. Cytokine storm is an abnormal sys-

temic inflammatory response due to exces-

sive production of proinflammatory cyto-

kines and chemokines (Nile et al., 2020). 

Under normal conditions, the innate im-

mune system response is the first line of 

defense against infection. However, an ab-

normal and excessive immune response can 

cause immune damage to the human body. 

An in vitro cell experiment showed that in 

the early stages of SARS-CoV infection the-

re is delayed release of cytokines and che-

mokines by respiratory epithelial cells, den-

dritic cells, and macrophages. Then, cells 

secrete antiviral factors interferons (IFNs) 

and pro-inflammatory cytokines (interleu-

kin (IL)-1β, IL-6, and tumor necrosis factor 

(TNF)) and chemokines (CC motif chemo-

kine ligand (CCL)-2, CCL. -3, and CCL-5) in 

bulk. The production of IFN-I or IFN-/β is 

a key natural immune response against vi-

ral infections, and IFN-I is a key molecule 

that plays an antiviral role in the early sta-

ges of viral infection. Delayed release of 

IFN in the early stages of SARS-CoV infec-

tion precludes the body's antiviral response 

(Li et al., 2020; Ye et al., 2020). 

The rapidly increasing cytokines and 

chemokines attract large numbers of in-

flammatory cells, such as neutrophils and 
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monocytes, resulting in excessive infiltra-

tion of inflammatory cells into lung tissue, 

resulting in lung injury. In addition, it will 

also cause apoptosis of endothelial cells and 

epithelial cells which damage the pulmona-

ry microvasculature and the alveolar ep-

ithelial cell barrier, resulting in vascular 

leakage and alveolar edema, which ultima-

tely causes hypoxia in the body. Therefore, 

inflammatory mediators play a key role in 

the pathogenesis of ARDS (Li et al., 2020; 

Ye et al., 2020). 

In particular, obesity was identified as 

a risk factor for a poor SARS-CoV-2 prog-

nosis based on higher levels of inflam-

mation-associated biomarkers such as IL-6 

and TNF- (Jeong, Yoon, and Lee, 2020). 

Serum IL-6 and TNF- concentrations were 

predictors of increasing severity and risk of 

death in SARS-CoV-2 patients. Disruption 

of the immune response due to obesity re-

duces the response of cytotoxic cells to im-

munocompetent cells which play a major 

role as antivirals. ACE-2 receptors are ex-

pressed more in adipose tissue than in the 

lungs. Thus, obesity with an increase in adi-

pose tissue mass causes an increase in the 

number of ACE-2 receptor expression. This 

is the reason COVID-19 patients with obe-

sity are more at risk of increasing the seve-

rity of infection (Caci et al., 2020). 

Research conducted at an Academic 

Hospital in Thailand showed an increase in 

pneumonia and severe pneumonia in pa-

tients who were overweight. Obese patients 

with COVID-19 have a higher risk of severe 

pneumonia than COVID-19 patients with 

normal weight (Pranata et al., 2020). Pati-

ents who have other comorbidities such as 

cardiovascular disease, hypertension, dia-

betes mellitus, and chronic kidney disease 

will be at higher risk for experiencing 

severe COVID-19. This is because obesity is 

associated with an increased risk of diabe-

tes mellitus, hypertension, and cardiovas-

cular disease. The greater number of co-

morbidities in obese patients will increase 

the severity of COVID-19 (Wang et al., 

2020).   

In this study, there are research limi-

tations, namely the existence of publication 

bias, this is shown in the funnel plot, the 

existence of language bias because the arti-

cles used are only in English so that they 

ignore other languages, and there is a 

search bias because the database to search 

for articles used only 3 databases. 
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