
Received: 17 September 2020 | Revised: 9 November 2020 | Accepted: 13 November 2020

DOI: 10.1002/jmv.26677

R EV I EW

Obesity aggravates COVID‐19: An updated systematic
review and meta‐analysis

Jun Yang1 | Congmin Tian1,2,3 | Ying Chen4 | Chunyan Zhu1 |

Hongyu Chi1,5 | Jiahao Li1,6

1Institute of Chinese Materia Medica, China

Academy of Chinese Medical Sciences,

Beijing, China

2Institute of Clinical Pharmacology,

Guangzhou University of Chinese Medicine,

Guangzhou, Guangdong, China

3Science and Technology Innovation Center,

Guangzhou University of Chinese Medicine,

Guangzhou, China

4Department of Cardiovascular Medicine,

Shanghai Putuo Hospital Affiliated to

Shanghai University of Traditional Chinese

Medicine, Shanghai, China

5International Institute for Translational

Chinese Medicine, Guangzhou University of

Chinese Medicine, Guangzhou,

Guangdong, China

6College of Pharmacy, Fujian University of

Traditional Chinese Medicine, Fuzhou, China

Correspondence

Jun Yang, Institute of Chinese Materia

Medica, China Academy of Chinese Medical

Sciences, 100700 Beijing, China.

Email: yaju90@126.com

Funding information

Special project for training outstanding young

scientific and technological talents (innovative

type) of necessary scientific research business

expenses of China Academy of Chinese

Medical Sciences, Grant/Award Number:

ZZ13‐YQ‐051

Abstract

This review aimed to evaluate the impact of obesity on the onset, exacerbation, and

mortality of coronavirus disease 2019 (COVID‐19); and compare the effects of

different degrees of obesity. PubMed, EMBASE, and Web of Science were searched

to find articles published between December 1, 2019, and July 27, 2020. Only

observational studies with specific obesity definition were included. Literature

screening and data extraction were conducted simultaneously by two researchers.

A random‐effects model was used to merge the effect quantity. Sensitivity analysis,

subgroup analysis, and meta‐regression analysis were used to deal with the het-

erogeneity among studies. Forty‐one studies with 219,543 subjects and 115,635

COVID‐19 patients were included. Subjects with obesity were more likely to have

positive SARS‐CoV‐2 test results (OR = 1.50; 95% CI: 1.37–1.63, I2 = 69.2%);

COVID‐19 patients with obesity had a higher incidence of hospitalization

(OR = 1.54, 95% CI: 1.33–1.78, I2 = 60.9%); hospitalized COVID‐19 patients with

obesity had a higher incidence of intensive care unit admission (OR = 1.48, 95% CI:

1.24–1.77, I2 = 67.5%), invasive mechanical ventilation (OR = 1.47, 95% CI:

1.31–1.65, I2 = 18.8%), and in‐hospital mortality (OR = 1.14, 95% CI: 1.04–1.26,

I2 = 74.4%). A higher degree of obesity also indicated a higher risk of almost all of

the above events. The region may be one of the causes of heterogeneity. Obesity

could promote the occurrence of the whole course of COVID‐19. A higher degree of

obesity may predict a higher risk. Further basic and clinical therapeutic research

needs to be strengthened.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) first appeared in

December 2019 and has been confirmed to be caused by

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2).1

COVID‐19 is an infectious disease that could involve almost all

the vital organs of the body. As of September 16, 2020, there have

been more than 32 million COVID‐19 patients and 940,000 related

deaths worldwide.2

Studies have shown that obesity, as a worldwide epidemic, is

associated with the severity and prognosis of COVID‐19.3,4 If the

effects mentioned above do exist, they would hinder the prevention

and control of COVID‐19, cause more harm to COVID‐19 patients,

and deserve health policymakers’ attention in various countries.
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Some studies have systematically evaluated the impact of obe-

sity on the whole process of COVID‐19.5,6 However, whether the

influences of various degrees of obesity are different, especially for

the positive diagnosis of COVID‐19 and hospitalization, have not

been involved in current systematic reviews.

The aim of this systematic review and meta‐analysis of

observational studies is to evaluate the impact of obesity on the

positive SARS‐CoV‐2 test result of subjects, hospitalization of

COVID‐19 patients, and intensive care unit (ICU) admission, invasive

mechanical ventilation (IMV), and in‐hospital mortality of hospita-

lized COVID‐19 patients, and to compare the effects of different

body mass index (BMI) ranges.

2 | MATERIALS AND METHODS

We reported this systematic review and meta‐analysis based on the

PRISMA statement and the MOOSE checklist.7,8 Our research

protocol has been registered in PROSPERO—the international

prospective register of systematic reviews (CRD42020203399). We

carried out the project according to the research protocol.

2.1 | Search strategy

Two authors with medical doctorates (Jun Yang and Ying Chen)

conducted a systemic literature search on July 27, 2020. PubMed,

EMBASE, and Web of Science databases were searched to find all

the publications between December 1, 2019, and July 27, 2020, in

English. The following keywords were used without other restric-

tions: (“overweight” OR “obesity” OR “obese” OR “BMI” OR “body

mass index”) AND (“COVID‐19” OR “coronavirus disease 2019” OR

“2019‐nCoV” OR “SARS‐CoV‐2” OR “2019 novel coronavirus”). We

also searched the reference lists of included articles to find missing

literature (Jun Yang and Ying Chen). The positive SARS‐CoV‐2 test

result refers to a positive SARS‐CoV‐2 nucleic acid test result in

nasopharyngeal swabs. COVID‐19 patients refer to subjects with

positive SARS‐CoV‐2 test results.

2.2 | Study selection

After importing the downloaded titles and abstracts into EndnoteX9

software, the duplicate documents were removed using the soft-

ware's de‐duplication function and manual reading of the authors,

titles, and journals (Jun Yang and Ying Chen). Clinical studies con-

cerning COVID‐19 were screened out by two authors with medical

postgraduate education background through reading the titles and

abstracts. Those studies concerning the relationship between obesity

and COVID‐19(both positive and negative) were selected by further

reading the full text (Hongyu Chi and Ying Chen). If the screening

results of the two researchers were inconsistent, it would be solved

through negotiation.

The final included studies should be observational ones with

targeted outcome indicators, including positive SARS‐CoV‐2 test

results, hospitalization, ICU admission, invasive mechanical venti-

lation, and in‐hospital mortality. These papers should also include

the odds ratio (OR) and 95% confidence intervals (CIs) of outcome

indicators of obesity compared to those without. For in‐hospital
mortality, the value could be OR, risk ratio (RR), or hazard ratio

(HR). Those studies with the following characteristics would be

excluded: cases overlap with other larger ones, have less than

20 cases, or without a clear definition of obesity (for non‐Asian:
BMI ≥ 30 kg/m2; for Asian: BMI ≥ 28 kg/m2) or overweight (for

non‐Asian: 30 kg/m2>BMI ≥ 25 kg/m2; for Asian: 28 kg/m2>BMI ≥

24 kg/m2). In this process, if two studies overlap in both source

hospital and collection time, we consider the overlap of cases. In

this case, we would include the larger one.

We have contacted 11 authors by E‐mail who had not mentioned

the exact definition of obesity in their papers. Six of them have re-

sponded with the detailed diagnostic criteria for obesity. One has

provided data that were not published in the original article. The

other five studies were not included in the final analysis.

2.3 | Data extraction

We established an information extraction table. Two researchers

with medical postgraduate education background (Jun Yang and

Congmin Tian) independently extracted the literature information. If

there were any differences, it would be solved through negotiation

and discussion.

Information extracted from each of the included studies in-

cluded: (1) basic information of the article (the first author and

title); (2) characteristics of the survey (country, the period of parti-

cipation, the cut‐off point of BMI, outcome indicators, study type); (3)

characteristics of subjects (source of subjects, caseload, number of

males, age); (4) summary measures: OR, RR, or HR as mentioned

above. We would prioritize the adjusted values provided in the ori-

ginal text rather than the unadjusted ones calculated based on binary

variables.

2.4 | Statistical analysis

Stata16.0 software was used to merge effect indicators and calculate

other related values. I2 was used to calculate the heterogeneity

among studies. It would be considered low, medium, high, and very

high in the range of ≤25%, 25%–50%, 50%–75%, and ≥75%.9 The

advantage of this approach relies on its independence of the number

of studies included. When the heterogeneity was high or very high,

we would find possible sources by sensitivity analysis, subgroup

analysis, and meta‐regression analysis. These potential sources in-

clude region, caseload, age, study type, and type of value. When the

heterogeneity was very high, we would not carry out a meta‐analysis
but just conduct a systematic review. As the heterogeneity among
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studies could not be entirely measured by I2, we used the random‐
effects model to merge the effect indicators. This method would take

into account both intra‐study and inter‐study variation.

2.5 | Risk of bias assessment

To assess the risk of bias in the included literature, two researchers

(Jun Yang and Congmin Tian) independently used the Newcastle‐
Ottawa Quality Assessment Scale (NOS) to score the quality of each

research.10 Most of the included studies scored 7 or above, in-

dicating that the overall quality was high. The inconsistency was

solved through negotiation and discussion.

We drew a funnel plot and made a preliminary judgment from

the visual symmetry to assess the risk of bias among the included

articles. Also, Egger's test was conducted, and p < .05 indicated that

the existence of publication bias could not be rejected.

3 | RESULTS

3.1 | General study characteristics

The PubMed, EMBASE, and Web of Science databases were searched

for a total of 1913 records. The included literature references were

explored in the later stage, and two pieces of literature were further

included. A total of 917 articles remained after de‐duplication, 696 of

which were not clinical observational studies and were further

removed. Full‐text browsing led to the elimination of 180 pieces, and

41 papers were finally included in the systematic review (Figure 1).

Two pairs of studies with overlapping cases were included in the

meta‐analysis but belonged to different outcome indicators.3,13,11,12

The included studies were mainly conducted in the USA and

Europe, including 23, 5, 3, 2, 2, 2, 1, 1, 1, and 1 from the USA, Italy,

France, Spain, the UK, China, Mexico, Greece, Brazil, and interna-

tional cooperation among the USA, Italy, and Spain. The 41 studies

included 219,543 subjects receiving the SARS‐CoV‐2 test and

115,635 confirmed COVID‐19 patients. The number of patients

included in a single survey ranged from 46 to 51,633. Most studies

included more male patients, and those older than 60 years are also

in the majority. All the studies were conducted and published in

2020. The detailed information of each paper is shown in Table 1.

The research quality scores based on the NOS are shown in Table S1.

3.2 | Positive SARS‐CoV‐2 test result

This section included three studies, which were from the USA,11

Mexico,14 and the UK,15 respectively. A total of 164,622 subjects were

tested for SARS‐CoV‐2 nucleic acid, and 57499 were positive. The

positive rate ranged from 15.4% to 49.7% among included studies.

Pooled analysis showed that subjects with obesity had a higher

incidence of positive test results than those without (OR = 1.50, 95%

CI: 1.37–1.63, I2 = 69.2%, Figure 2A). The trend of the pooled results

did not change after each study was removed (Figure S1). Due to the

small number of included studies, no subsequent subgroup analysis,

meta‐regression, or funnel plot were conducted.

We further compared the possibility of positive test results among

subjects receiving the SARS‐CoV‐2 test with different BMI ranges. The

results showed that a higher BMI indicates a higher possibility of

positive test result (25 ≤BMI < 30 vs. BMI < 25: OR= 1.58, 95%

CI: 1.44–1.72, I2 = 0.0%; 30 ≤BMI < 40 vs. BMI < 25: OR= 1.86, 95% CI:

1.69–2.04, I2 = 0.0%; BMI ≥ 40 vs. BMI < 25: OR= 1.85, 95%

CI: 1.28–2.66, I2 = 58.6%; Figure S2).

3.3 | Hospitalization

A total of 11 studies were included in this section, including eight

from the USA11,13,16–21 and the remaining three from Brazil,22

Mexico,14 and Spain.23 Of the 70795 confirmed patients included,

25,403 were hospitalized. The hospitalization rate ranged from

10.8% to 85.0% among included studies. All the research studies

were case‐control studies.
Pooled analysis showed that COVID‐19 patients with obesity

had a higher incidence of hospitalization than those without

(OR = 1.54, 95% CI: 1.33–1.78, I2 = 60.9%, Figure 2B). The trend of

this result did not change after each study was excluded (Figure S3).

We conducted subgroup analysis and meta‐regression analysis on

all included studies. We found no confounding factors causing

heterogeneity among studies (Tables S2 and S5).

We further compared the possibility of hospitalization among

COVID‐19 patients with different BMI ranges. The results showed

that a higher BMI would predict higher possibility of hospitalization

(25 ≤ BMI < 30 vs. BMI < 25: OR = 1.30, 95% CI: 1.09–1.57, I2 = 0.0%;

30 ≤ BMI < 40 vs. BMI < 25: OR = 2.09, 95% CI: 1.34–3.26, I2 = 51.5%;

BMI ≥ 40 vs BMI < 25: OR = 2.76, 95% CI: 1.76–4.32, I2 = 25.8%;

Figure S4).

3.4 | ICU admission

A total of 15 studies were included, 10 from the USA,3,13,16,19,24–29

two from Italy,30,31 and the remaining three from China,32 Mexico,14

and Spain,33 respectively. Of all the 30,268 inpatients from

15 studies, 4086 in 29905 from 14 studies involving the exact

number of patients requiring ICU admission, with the remaining one

just provide OR value. The ICU admission rate of inpatients ranged

from 9.1% to 44.3% among the 14 studies.

Pooled analysis showed that hospitalized COVID‐19 patients with

obesity had a higher incidence of ICU admission than those without

(OR = 1.48, 95% CI: 1.24–1.77, I2 = 67.5%, Figure 2C). The trend of this

result did not change after each study was excluded (Figure S5). We

conducted subgroup analysis and meta‐regression analysis on all

included studies and found region to be the possible confounding

factor causing heterogeneity among studies (Tables S3 and S6).
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We further compared the possibility of ICU admission among

hospitalized patients with different BMI ranges. The results showed

that patients with a higher BMI may have a higher trend of ICU

admission, though they were not significant (25 ≤ BMI < 30 vs.

BMI < 25: OR = 1.90, 95% CI: 0.89–4.07, I2 = 0.0%; 30 ≤ BMI < 40

vs. BMI < 25: OR = 1.44, 95% CI: 0.67–3.09, I2 = 0.0%; BMI ≥ 40 vs.

BMI < 25: OR = 2.19, 95% CI: 0.51–9.35, I2 = 63.8%; Figure S6).

3.5 | Invasive mechanical ventilation

A total of 14 studies were included, including nine from the

USA,19,25–27,29,34–37 two from France,4,38 and the remaining three

from China,32 Mexico14 and Italy,
30 respectively. Of all the 25,945

hospitalized patients from 14 studies, 2789 in 22,176 patients from

12 papers had received IMV with a detailed description. The re-

maining two just provide OR values. The IMV rate of inpatients

ranged from 9.1% to 68.5% among the 12 studies.

Pooled analysis showed that hospitalized COVID‐19 patients

with obesity had a higher incidence of receiving IMV than those

without (OR = 1.47, 95% CI: 1.31–1.65, I2 = 18.8%, Figure 2D).

We further compared the possibility of IMV among hospita-

lized patients with different BMI ranges. The results showed that

a higher BMI may indicate a higher possibility of IMV

(25 ≤ BMI < 30 vs. BMI < 25: OR = 1.60, 95% CI: 0.97–2.65,

I2 = 0.0%; 30 ≤ BMI < 40 vs. BMI < 25: OR = 2.02, 95% CI:

1.23–3.30, I2 = 0.0%; BMI ≥ 40 vs. BMI < 25: OR = 3.73, 95% CI:

1.86–7.50, I2 = 30.9%; Figure S7).

F IGURE 1 Flow chart of literature screening
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3.6 | In‐hospital mortality

A total of 23 studies were included in this section, including 11 from

the USA,11,12,25,26,28,29,35,37,39–41 five from Italy,30,31,42–44 and the

remaining seven from Brazil,22 China,45 France,46 Greece,47

Mexico,14 UK,48 and international cooperation among the USA, Italy

and Spain,49 respectively. Of all the 54938 patients from 23 studies,

8259 in 51330 inpatients from 19 studies involved a specific death

toll. The remaining four just provide OR values. The in‐hospital
mortality rate ranged from 10.1% to 43.5% among the 19 studies.

Pooled analysis showed that hospitalized COVID‐19 patients

with obesity had a higher incidence of in‐hospital mortality than

those without (OR = 1.14, 95% CI: 1.04–1.26, I2 = 74.4%, Figure 2E).

The direction of this result did not change after each study was

excluded (Figure S8). We conducted subgroup analysis and meta‐
regression analysis on all included studies. We found no confounding

factor causing heterogeneity among the included studies (Tables S4

and S7).

We further compared the possibility of in‐hospital mortality

among COVID‐19 patients with different BMI ranges. The results

showed that patients with BMI ≥ 40 have a higher possibility of in‐
hospital mortality (25 ≤ BMI < 30 vs. BMI < 25: OR = 1.06, 95% CI:

0.79–1.42, I2 = 0.0%; 30 ≤ BMI < 35 vs. BMI < 25: OR = 1.01, 95%

CI: 0.74–1.39, I2 = 0.0%; 35 ≤ BMI < 40 vs. BMI < 25: OR = 1.32, 95%

CI: 0.88–1.96, I2 = 0.0%; BMI ≥ 40 vs. BMI < 25: OR = 1.56, 95% CI:

1.07–2.26, I2 = 0.0%; Figure S9).

3.7 | Risk of bias

We have drawn funnel charts for the effect indicators of the included

literature concerning hospitalization, ICU admission, IMV, and

in‐hospital mortality. Preliminary judgments have shown that the

figures’ points are all in symmetrical distribution (Figure 3). We

further conducted the Egger's test and found all the p‐values were

larger than 0.05, indicating no evidence of publication bias (Table S8).

4 | DISCUSSION

This systematic review and meta‐analysis found that subjects with

obesity were more likely to show positive results in the detection of

SARS‐CoV‐2. Obese COVID‐19 patients were more likely to be

hospitalized than those without. Hospitalized COVID‐19 patients

with obesity were more likely to receive ICU admission, invasive

mechanical ventilation, and die than those without. A higher degree

of obesity also indicates a higher risk of occurrence for the above

events.

Ten systematic reviews have assessed the relationship between

obesity and COVID‐19. Tamara et al.50 have included three retro-

spective cohort studies and found that obesity could significantly

increase the risk of severe conditions in COVID‐19 patients. Our

research team conducted the first meta‐analysis on this topic atT
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almost the same time.51 We have found that the BMI of COVID‐19
patients with severe conditions was significantly higher than those

with mild conditions. The risk of developing severe conditions in

COVID‐19 patients with obesity was significantly higher than those

without. Zhou et al.,52 Sales‐Peres et al.,53 and Malik et al.6 have

come to almost the same conclusion as us. Pranata et al.54 looked at

the association between higher BMI and the risk of composite ad-

verse endpoints, death, and critical illness. They found that a higher

BMI was associated with increased risk of these events. However,

most studies’ BMI ranges were not consistent, which may lead to a

decline in the reliability and extrapolation of the results. Hussain

et al have found a significant correlation between BMI > 25 kg/m2

and increased mortality, needs for respiratory support, and critical

illness in COVID‐19 patients.55 Földi et al.56 found that obesity was a

risk factor for ICU admission and IMV therapy. They have also

compared the risk of receiving IMV in different BMI ranges of

COVID‐19 patients and found that a higher BMI indicates a higher

risk of receiving IMV. Malik et al.57 have observed the prevalence of

COVID‐19 to be 0.60 among patients with BMI < 25 kg/m2 compared

to 0.34 among patients with BMI > 25 kg/m2. However, as they in-

cluded a small sample of retrospective case‐control studies, such

results’ credibility needs to be further validated. Most of these stu-

dies adopt composite endpoints, which have made it difficult to as-

sess the impact of obesity on the risk of specific single endpoint

events. During this paper's writing, a meta‐analysis published in the

latest issue of Obesity Reviews had systematically evaluated out-

come indicators of COVID‐19 patients with obesity.5 Unlike current

studies, this one has set a strict definition of obesity and BMI seg-

mentation points for comparing the risk of five outcome events in

subjects with different BMI ranges. In this study, we used the index

of in‐hospital mortality rather than overall mortality to reduce the

impact of other factors on mortality. This paper also tries to find the

heterogeneity source and finds that region may be an essential

factor.

Many factors may participate in the aggravation of obesity on

COVID‐19. Obesity could increase the expression of ACE2‐ and

CD147‐related genes in the bronchus and blood, while the latter two

are receptors for SARS‐CoV‐2 to invade.58 This would make obese

subjects more susceptible to infection and may explain the higher

positive test rate of SARS‐CoV‐2 to some extent. Obesity and con-

comitant metabolic syndrome may bring about potential damages to

organ function, making lung, kidney and other organs more prone to

F IGURE 2 Meta‐analysis of effect indicators in subjects with obesity compared to those without. A, Positive SARS‐CoV‐2 test result.
B, Hospitalization. C, ICU admission. D, Invasive mechanical ventilation. E, In‐hospital mortality
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the state of dysfunction.59 Adipose tissue may become the site of

virus retention due to the increased expression of ACE2 in obese

subjects, which could slow down virus clearance and aggravate the

infection.60 The low‐level inflammation caused by obesity may also

damage the immune system and make it abnormal in the infection of

SARS‐Cov‐2. Obesity itself may lead to increased chest and ab-

dominal pressure, limiting the expansion of the lungs.61 In the case of

COVID‐19, obese patients would be more prone to acute respiratory

distress. These factors could largely explain why obese patients are

more likely to be infected with SARS‐Cov‐2 and be more severe after

infection.

By integrating the results of different original studies, this study

aims to avoid the limitation of the applicability of conclusions caused

by the insufficient number of cases in a single research study and the

single source of patients. Nevertheless, there are inevitable limita-

tions in this study. The included studies may have different im-

plementation standards for hospitalization, ICU admission, IMV, and

other COVID‐19 patients’ treatments, impacting the final meta‐
analysis results’ reliability. Second, the risk of bias in the included

studies is inconsistent. The types of studies are mainly retrospective,

including case‐control studies and cohort studies, which may further

affect the conclusions’ reliability. Third, we only selected literature in

English, which may lead to the omission of related non‐English lit-

erature and the lack of the final conclusion's reliability.

In this systematic review and meta‐analysis, we have system-

atically retrieved the existing literature and restricted the diagnosis

of obesity and other BMI section cut‐off points. The results have

indicated a promoting role of obesity for subjects in COVID‐19 di-

agnosis, for COVID‐19 patients in hospitalization, and for hospita-

lized COVID‐19 patients in ICU admission, invasive mechanical

ventilation, and in‐hospital mortality. Simultaneously, subjects with a

higher degree of obesity may have a greater risk of developing the

above adverse outcomes. These findings suggest that obesity would

bring about severe challenges to the prevention and control of this

epidemic. It would also cause more pain and harm to COVID‐19
patients and deserves health policymakers' attention in various

countries. To combat this potential impact in the context of the

COVID‐19, we should maintain healthy diets and exercise habits

while wearing masks frequently and keeping distance from others.

Obesity is a risk factor for many diseases, and eating healthily and

exercising regularly should be a program to be adhered to by peo-

ple worldwide. Also, the pathophysiological characteristics of obese

F IGURE 3 Funnel plots of the literature concerning effect indicators. A, Hospitalization. B, ICU admission. C, Invasive mechanical ventilation.
D, In‐hospital mortality
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COVID‐19 patients need further study. When writing this paper, a

newly published multicenter study further suggested the relationship

between obesity and mortality in COVID‐19 patients, which further

confirmed our conclusion.62 This also indicates the importance of

high‐quality observational studies and basic research.

5 | CONCLUSIONS

Obesity could promote the occurrence of positive SARS‐Cov‐2 test

results, hospitalization of COVID‐19 patients, ICU admission, in-

vasive mechanical ventilation therapy, and in‐hospital mortality of

hospitalized COVID‐19 patients. Subjects with a higher degree of

obesity may have a greater risk of developing the adverse outcomes

mentioned above. Further basic and clinical therapeutic research

concerning this aggravation needs to be strengthened.
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