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Summary

We conducted a systematic review of observational studies to examine the effects of

body mass index (BMI) and obesity (BMI ≥ 30 kg/m2) on coronavirus disease 2019

(COVID-19). Medline, Embase, and the Cochrane Library were searched. Sixteen arti-

cles were finally included in the meta-analysis, and a random effects model was used.

BMI was found to be higher in patients with severe disease than in those with mild

or moderate disease (MD 1.6, 95% CI, 0.8–2.4; p = .0002) in China; however, the het-

erogeneity was high (I2 = 75%). Elevated BMI was associated with invasive mechani-

cal ventilation (IMV) use (MD 4.1, 95% CI, 2.1–6.1; p < .0001) in Western countries,

and this result was consistent across studies (I2 = 0%). Additionally, there were

increased odds ratios of IMV use (OR 2.0, 95% CI, 1.4–2.9; p < .0001) and hospitali-

zation (OR 1.4, 95% CI, 1.3–1.60; p < .00001) in patients with obesity. There was no

substantial heterogeneity (I2 = 0%). In conclusion, obesity or high BMI increased the

risk of hospitalization, severe disease and invasive mechanical ventilation in COVID-

19. Physicians must be alert to these early indicators to identify critical patients.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an emerging viral disease

caused by severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2). A quick response from governments or societies to the

crisis may protect the interests of their citizens.1 Understanding the

disease and its risk factors is the key point in implementing public

health policy.

The spectrum of COVID-19 varies from asymptomatic, upper

respiratory symptoms and pneumonia to acute respiratory distress

syndrome (ARDS). Several risk factors have been proposed to be asso-

ciated with severe disease or death in COVID-19. In clinical studies

among countries, old age is the most important factor and may be

related to a decreased immune response to viral infection.2,3 Patients

with underlying diseases were more likely to receive intensive care or

develop ARDS. Hypertension, cardiovascular disease and diabetes are

common comorbidities mentioned in the current literature.4–6

People with obesity are prone to develop severe diseases after

infections. For example, nearly one-third of hospitalized patients and

fatal cases were found to be comorbid with obesity during the 2009

H1N1 influenza A virus pandemic.7,8 Preexisting high levels of circu-

lating leptin-induced cytokine dysregulation in obese animals have

been proposed to be a cofactor for influenza-related mortality.9

Because the prevalence of obesity is increasing globally, the impact of

obesity on infectious diseases, especially the newly emerging infec-

tious disease COVID-19, may need further exploration.

Obesity may affect the status of immune function and provoke

chronic inflammation as well as increase the cardiovascular load and

risk of metabolic disorders.10 As a consequence, we hypothesize

that obesity may increase the risk of severe COVID-19 through the

above mechanisms. Because comprehensive reviews of obesity and

COVID-19 are limited, we initiated this study to clarify the role of

obesity in this emerging disease. The aims of this study were to

evaluate the risk of severe COVID-19 in patients with obesity and
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to investigate whether BMI was different between severe and non-

severe cases.

2 | METHOD

2.1 | Search strategy

The study was conducted following the recommendations of the Pre-

ferred Reporting Items for Systematic Reviews and Meta-analysis

(PRISMA) statement. We performed a systematic literature search in

three major electronic databases: Medline, Embase and Cochrane

Library. We combined the following terms: “coronavirus or COVID-19

or 2019-nCoV or SARS-CoV-2,” “clinical features or characteristics or

symptoms,” “survival or mortality,” “severe disease or intensive care”

and “mechanical ventilation” to find related reports. The time period

was restricted to literature published beginning in January 2020, since

SARS-CoV-2 was identified then. We have provided a detailed search

strategy in Table A1. Available full texts and the reference lists of the

relevant studies were retrieved; there was no language restriction in

our search. Google Scholar was searched manually for possible miss-

ing articles. The last update of the study was on 30 May 2020.

Three independent reviewers (THC, CCC and LYC) screened all

titles and abstracts for eligibility. Studies were eligible for inclusion if

they met the following criteria: (1) COVID-19 was confirmed by

detection of SARS-CoV-2 via polymerase chain reaction (PCR);

(2) studies included patient characteristics and clinical features; and

(3) the obesity prevalence or body mass index (BMI) data of the

patients was reported. Correspondences or letters fulfilling the above

criteria were also included. We carefully screened the enrolling hospi-

tals and study periods to avoid repeated calculation and double cou-

nting of patients. Studies were excluded for the following reasons:

(1) clinical diagnosis of COVID-19 without PCR confirmation; (2) par-

ticipants included children and pregnant women, whose physiological

status and body fat distribution are unique compared with the general

population; and (3) case series with fewer than 10 patients, because

some outliers may easily affect the mean or median.

2.2 | Data extraction

After full-text screening for eligibility and review, two reviewers (THC

and LYC) extracted data independently. Disagreements were resolved

by consensus or review by another reviewer. The following variables

were extracted from each study if available: author information, jour-

nal, year of publication, study country, study period, demographic

data, BMI, obesity prevalence, disease severity and invasive mechani-

cal ventilation (IMV) use.

2.3 | Quality and risk of bias assessment

The quality of nonrandomized studies included in the meta-analysis

was assessed using the Newcastle–Ottawa Scale (NOS). The

maximum score for each study was 9, and articles with poor quality

(score = 0–3) were excluded. After qualitative and quantitative syn-

thesis, we used the Grading of Recommendations Assessment, Devel-

opment and Evaluation (GRADE) approach to evaluate the confidence

in the estimate of effect of the included studies. The factors consid-

ered in determining the quality of the evidence were risk of bias,

imprecision, indirectness, inconsistency of results, publication bias,

dose-effect response, magnitude of the effect and plausible con-

founders. Evidence was finally graded as high, moderate, low or very

low quality. The evidence summary for this meta-analysis was pre-

pared in GRADEpro Guideline Development Tool Software

(McMaster University, 2015, developed by Evidence Prime, Inc.).

2.4 | Outcomes and data analysis

Separate analyses were conducted according to different outcomes:

(1) hospitalization or discharge from the emergency department;

(2) severe or nonsevere disease; and (3) IMV use during hospitaliza-

tion. The disease severity was classified based on two guidelines pub-

lished by the American Thoracic Society (ATS)/Infectious Diseases

Society of America (IDSA)11 and the National Health Commission of

China.12 The World Health Organization (WHO) defines obesity as

BMI ≥ 30, while BMI ≥ 28 is the optimal cutoff value for Chinese

adults.13 In studies conducted in Western countries, both BMI and

obesity prevalence were used to assess outcomes if available. How-

ever, some studies in China still defined obesity as BMI ≥ 25. Thus, to

avoid confusion, we used BMI instead of obesity prevalence to assess

outcomes in Chinese studies. In our meta-analysis, we calculated the

odds ratio (OR) for the dichotomous outcome (obesity prevalence)

and mean difference (MD) for the continuous data (BMI) with their

95% confidence intervals (CIs) by random effects models in this meta-

analysis. If studies reported only median values with interquartile

ranges alone, we derived means and standard deviations using statisti-

cal methods described by Chen et al.14 and Gao et al.15 We used

Review Manager (RevMan) (Computer programme), version 5.3

(Copenhagen: The Nordic Cochrane Centre, The Cochrane Collabora-

tion, 2014.) for the analysis and conducted a meta-analysis when at

least two studies with available data reported the same outcome. I2

was calculated to measure statistical heterogeneity across the

included studies. I2 > 50% and p < .05 were considered substantial

heterogeneity. Publication bias was not assessed for outcomes fewer

than 10 studies.

3 | RESULT

3.1 | Study selection

Figure 1 shows the flow diagram of the study selection process. A

total of 7140 articles were identified in the initial search. After remov-

ing 3446 duplicates, 3694 were screened by titles and abstracts, and

obviously irrelevant articles were excluded. The remaining 75 were
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retrieved for full-text assessment. Of these, only BMI or obesity prev-

alence were reported in 55 articles. We extracted demographic data

independently. Nineteen articles were selected for qualitative synthe-

sis, and five records were identified through manual searches of Goo-

gle Scholar (n = 5) and the reference list (n = 1). Finally, we excluded

nine articles: One report was a preprint manuscript without peer

review; three case series included pregnant women or case numbers

<10; two reports used self-defined severity or did not include a spe-

cific definition; and three reports demonstrated different outcome

measures compared with other studies, so the data could not be

pooled together for quantitative synthesis. These three reports dem-

onstrated the outcome as the presence of pneumonia, ARDS and dis-

ease progression, which were different from those of other studies.

Therefore, articles with these different outcome measures were not

included in our meta-analysis. Finally, we extracted data from 16 arti-

cles for meta-analysis.

3.2 | Study characteristics

In Table A2, we summarize the characteristics of the current litera-

ture with the BMI and obesity data of COVID-19 patients. BMI

and obesity (defined as BMI ≥ 30) data from each study are

depicted in Figure 2. The global age-standardized mean BMI

(24.2 kg/m2) of men16and the mean prevalence of obesity in adults

(19.5%) provided by the Organisation for Economic Cooperation

and Development (OECD)17 were drawn on top of the figure

for comparison.

F IGURE 1 Flow diagram of the study
selection process
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After full-text review, 16 articles were selected for quantitative

synthesis (Table 1).18-33 The median or mean age ranged from 35 to

67 years old with a mortality rate from 0% to 50%. Male predomi-

nance was found in 10 studies. Ten studies were conducted in China

from January 1 to March 11. Five studies were reported from differ-

ent hospitals in Wuhan, the epidemic area in China. The enrolled

populations were different in three studies. Liu et al. focused on hos-

pitalized health workers,24 Peng et al. put emphasis on patients with

cardiovascular comorbidity,25 and Xiong et al. collected data from

patients undergoing haemodialysis.26 The outcome measure in these

articles was disease severity, which was categorized into severe or

nonsevere groups. However, different severity definitions were

applied. We further categorized outcomes into two subgroups, which

included guidelines published by the ATS and IDSA11 and the National

Health Commission of China.12

Another six reports retrospectively collected data from countries

outside China: five in the United States and one in France. The out-

comes measured in these studies were as follows: (1) the association

between obesity and hospitalization for patients being treated in the

emergency department; (2) the association between obesity and

patients receiving IMV; and (3) the association between BMI and

IMV use.

F IGURE 2 (A) BMI (kg/m2) data from current studies compared with global age-standardized mean BMI (24.2 kg/m2) of men. (B) Obesity (%)
(defined as BMI ≥ 30) in the current literature compared with the Organisation for Economic Cooperation and Development (OECD) mean
prevalence of obesity in adults (19.5%). The reference and detailed characteristics of each included study are provided inTable A2
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3.3 | Associations between obesity and
hospitalization

In Figure 3, two studies in New York show that obesity was related to

hospitalization during emergency department visits (OR 1.4, 95% CI,

1.3–1.6; p < .00001). There was no substantial heterogeneity (I2 = 0%,

p = .53).

3.4 | Associations between elevated BMI and severe
disease

Figure 4A shows 10 studies in China exploring the relation between

BMI and disease severity. We performed subgroup analysis according

to two classification guidelines. In studies adhering to the ATS/IDSA

guidelines, BMI was higher in patients with severe disease than in

TABLE 1 Characteristics of the included studies assessing severe COVID-19 according to BMI and obesity

Study Country Language

Sample

(male)

Age

(year)

Severe group (BMI or obesity

prevalence)

Nonsevere group (BMI or obesity

prevalence)

Death

(%)

Outcome measurement: severe or nonsevere disease by AmericanThoracic Society and Infectious Diseases Society of America classification11

Cai18 China English 298 (49%) 48 24.5 (22–27.8) 22.9 (20.6–25.2) 1

Li19 China English 548 (51%) 60 25.3 (22.4–27.6) 24.5 (22.4–26.0) 16.5

Outcome measurement: severe or nonsevere disease by National Health Commission of China classification12

Huang20 China English 202 (57%) 44 26.4 (23.7–29.5) 24.2 (22.1–26.1) 0

Wu21 China English 280 (54%) 43 25.8 ± 1.8 23.6 ± 3.2 0

Xiang22 China Chinese 49 (67%) 43 26.2 ± 3.93 24.6 ± 4.0 -

Chen23 China English 145 (55%) 48 24.8 (23.1–27.0) 23.2 (21.7–25.7) -

Liu24 China Chinese 30 (33%) 35 22.0 ± 1.3 27.0 ± 2.5 0

Peng25 China Chinese 112 (47%) 62 25.5 (23.0–27.5) 22.0 (20.0–24.0) 15.2

Xiong26 China English 131 (57%) 63 22.6 ± 3.7 23.3 ± 4.1 -

Sun27 China English 57 (51%) - 24.0 (21.5–26.0) 26.8 (23.0–29.9) -

Outcome measurement: hospitalization or discharge from emergency department (definition of obesity: BMI ≥ 30)

Petrilli28 USA English 5,279 (49.5%) 54 39.5% 30.8% -

Lighter29 USA English 3,615 - 42.5% 33.5% -

Outcome measurement: invasive mechanical ventilator (IMV) use (obesity: BMI ≥ 30)

Bhatraju30 USA English 24 (63%) 64 61% 40% 50

Goyal31 USA English 393 (61.2%) 60 43.4% 31.9% 10.2

Kalligeros32 USA English 103 (61%) 62 65.5% 40.5% -

Simonnet33 France English 124 (73%) 60 53.9% 31.4% 15

Note: Data are shown as mean ± SD or median (IQR) or number (%). Age (year) is expressed as median or mean age in year.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; IMV, invasive mechanical ventilation; IQR, interquartile range; SD, standard

deviation.

F IGURE 3 Associations between obesity and hospitalization in patients with COVID-19
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those with mild or moderate disease in two studies (MD 1.2, 95% CI,

0.2–2.2; p = .02). For studies using the National Health Commission

of China classification, BMI was also higher in patients with severe

disease than in mild to moderate patients (MD 1.7, 95% CI, 0.6–2.8;

p = .003). However, high overall heterogeneities within each group

were observed (I2 = 60%, p = .11; I2 = 75%, p = .0003). There was no

evidence of publication bias (Figure 4B).

3.5 | Associations between elevated BMI and
IMV use

Two studies demonstrated the effect of elevated BMI on IMV use.

Figure 5 shows that elevated BMI was associated with IMV use

(MD 4.1, 95% CI, 2.1–6.1; p < .0001), and the result was consistent

without heterogeneity (I2 = 0%; p = .66).

3.6 | Associations between obesity and IMV use

Figure 6 includes four studies from areas outside China. In these stud-

ies, obesity was defined as BMI ≥ 30 kg/m2. There was an increased

OR of IMV use in patients with obesity (OR 2.0, 95% CI, 1.4–2.9;

p < .0001), and no significant heterogeneity was found in the studies

included (I2 = 0%; p = .43).

3.7 | Quality of evidence

Table 2 shows a summary of the GRADE evidence profile for our

meta-analysis. In a meta-analysis of observational studies, the initial

rating starts as low quality of evidence. For increased risk for hospital-

ization during emergency department visits, the certainty was “low.”

F IGURE 4 (A) Associations between
elevated BMI and severe COVID-19, grouped
by different severity classifications. (B) Funnel
plots of studies reporting the associations
between BMI and severe COVID-19
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For the association between elevated BMI and severe disease, the

certainty was “very low” because of downgrades for inconsistency.

For the risk of IMV use in patients with obesity and elevated BMI, the

overall certainty was “low.”

4 | DISCUSSION

In this review, we summarized the increased risks of high BMI or obe-

sity on severe COVID-19 based on current published data. The BMI

F IGURE 6 Forest plots comparing the pooled odds ratio of invasive mechanical ventilation (IMV) use between patients with or without
obesity

TABLE 2 Summary of GRADE evidence profile and certainty of evidence on the effects of high BMI or obesity on COVID-19 severity

Certainty assessment

Patients (studies) Risk of bias Inconsistency Indirectness Imprecision Publication bias Overall certainty of evidence

Obesity and hospitalization during emergency department visit

8655 patients

(2 observational studies)

Not serious Not serious Not serious Not serious None ��
Low

Elevate BMI and severe disease

1822 patients

(10 observational studies)

Not serious Seriousa Not serious Not serious None �
Very low

Elevate BMI and invasive mechanical ventilator use

147 patients

(2 observational studies)

Not serious Not serious Not serious Not serious None ��
Low

Obesity and invasive mechanical ventilator use

630 patients

(4 observational studies)

Not serious Not serious Not serious Not serious None ��
Low

Note: Explanations

a. Include different populations (ex: health care worker or patients with underlying cardiovascular disease) that caused increased heterogeneity.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; GRADE, Grading of Recommendations Assessment, Development and

Evaluation.

F IGURE 5 Associations between elevated BMI and invasive mechanical ventilation (IMV) use in patients with COVID-19
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data and obesity prevalence in this review varied, which can primarily

be explained by regional and ethic differences. Under the definition of

BMI ≥ 30 kg/m2, obesity may be prevalent in >30% of the population

in some countries, such as the United States, Mexico or New Zealand.

However, in China, Japan, Korea or some other Asia-Pacific countries,

the prevalence of obesity was <10%.34,35 The low prevalence of obe-

sity led to studies in Asia seldom considering high BMI or obesity to

be a risk factor for severe disease. From the epidemiological data on

the obesity prevalence in our review, the Asian definition of obesity is

another consideration. Both definitions of BMI ≥ 30 and BMI ≥ 28 as

obesity were used in some studies conducted in China. To avoid con-

fusion, we used BMI instead of obesity prevalence to explore the risk

of severe disease. Additionally, we did not pool the data from China

with those from Western countries.

Studies in China showed a statistically significant MD in BMI

between severe and nonsevere disease. Small case numbers and vari-

ous study populations may explain the heterogeneity despite subgroup

analysis according to severity definition. In studies with younger age

groups, such as medical workers24 or asymptomatic patients36 such

participants had low BMI and low prevalence of comorbidities com-

pared with the general hospitalized population. In one report exploring

patients with underlying metabolic-associated fatty liver disease,37 the

subjects presented with the highest mean BMI across the included arti-

cles from China. In populations with a high prevalence of comorbidities,

such as hypertension or cardiovascular disease, the effect of these risk

factors may also need to be considered. Because background popula-

tion obesity prevalence might influence outcomes,38 the results are

more consistent in Western countries. Patients with obesity or higher

BMI showed significantly increased odds of receiving intensive

mechanical ventilation or even hospitalization. Similar data have been

reported by Kass et al. indicating that obesity could be an independent

risk factor for severe COVID-19.39

Obesity is also an independent risk factor for some infections.

After surgery, obesity is associated with a 1.1-fold to 4.4-fold increase

in the adjusted odds of developing surgical site infection compared

with normal weight.40 In a population-based study, obesity was inde-

pendently associated with future sepsis.41 Moreover, obesity is a risk

factor for community-acquired pneumonia and influenza-related

pneumonia.42 In institutionalized geriatric patients, obesity is associ-

ated with an overall increased infection rate.43 In summary, healthy

weight is an essential part of health promotion and disease preven-

tion, even in infectious diseases.

The possible mechanism and pathophysiology of obesity and

severe COVID-19 could be explained in several aspects. First, infection

with SARS-CoV-2 reduces angiotensin-converting enzyme-2 (ACE 2)

activity and causes dysregulation of the renin-angiotensin system.44 As

a result of increased angiotensin II, lung injury or tissue damage may

occur. ACE 2 receptors are highly expressed in adipose tissue, and

patients with obesity tend to have larger quantities of adipose tissue

than the general population, partially explaining the severity. Second,

impaired T or B cell immunity was found in patients with obesity. In

some animal models, the cytotoxic response and influenza-specific

CD8 + memory T cells of obese mice decreased significantly.45,46 In

SARS-CoV-2 infections, lymphopenia and an increased neutrophil-to-

lymphocyte ratio usually indicate severe disease and poor out-

come.47,48 Obesity might be associated with relatively low immunity

during the early phase of SARS-CoV-2 infection. Third, obesity is an

important predisposing factor for some comorbidities in severe

COVID-19. For example, increasing fat mass and unhealthy weight

gain, even in childhood, may lead to increased carotid intima media

thickness and further development of cardiovascular disease.49 Last,

ARDS is the major complication and cause of death in COVID-19. From

the view of respiration, obesity plays a crucial role in ventilation, and

patients with obesity show changes in baseline physiology. Ventilation

and gas exchange are also impaired. Thus, the wide distribution of adi-

pose tissue and systemic involvement is a possible explanation for the

association between severe COVID-19 and obesity. Adipose tissue can

be a research model to help understand the pathogenesis of COVID-19

infection and develop an effective treatment.50

There are several limitations in our study. First, the quality of evi-

dence is low due to limited studies and small case numbers. Most of

the enrolled articles were observational or retrospective studies, BMI

data were scarce in the currently available literature, and we lacked

BMI databases. Therefore, we need more high-quality and long-term

follow-up studies to support the evidence. Second, we cannot address

the issue between SARS-CoV-2 infection and increased body weight.

The spectrum of COVID-19 has not been fully understood with

underestimated asymptomatic or mild cases, so we failed to identify

other control groups (healthy controls or asymptomatic patients) in

this review. Third, obesity is a complex disorder with multisystem

involvement. The relationship and interaction between other risk fac-

tors, such as age, diabetes, hypertension and cardiovascular disease,

cannot be adjusted in this study. Meta-regression is a feasible method

for dealing with this issue if more studies become available. Fourth,

the demographic results are diverse in the included studies. Large-

scale or population-based studies are needed.

To conclude, obesity or high BMI increased the risk of hospitaliza-

tion, severe disease and IMV in COVID-19. Physicians must be alert

to these early indicators to identify critical patients.

ACKNOWLEDGEMENTS

We gratefully acknowledge Po-Yu Chen for the technical work on

search strategy. This study was support by the grants from Chi-Mei

Medical Center (CCFHR10902), Tainan, Taiwan and from Ministry of

Science and Technology (MOST 109-2634-F-002-029), Taiwan.

ORCID

Tu-Hsuan Chang https://orcid.org/0000-0002-6255-168X

Luan-Yin Chang https://orcid.org/0000-0003-2632-1956

REFERENCES

1. Wang CJ, Ng CY, Brook RH. Response to COVID-19 in Taiwan: big

data analytics, new technology, and proactive testing. JAMA. 2020;

323(14):1341–1342. https://doi.org/10.1001/jama.2020.3151

2. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteris-

tics, comorbidities, and outcomes among 5700 patients hospitalized

8 CHANG ET AL.

https://orcid.org/0000-0002-6255-168X
https://orcid.org/0000-0002-6255-168X
https://orcid.org/0000-0003-2632-1956
https://orcid.org/0000-0003-2632-1956
https://doi.org/10.1001/jama.2020.3151


with COVID-19 in the New York City area. JAMA. 2020;323(20):

2052–2059. https://doi.org/10.1001/jama.2020.6775

3. Wu Z, McGoogan JM. Characteristics of and important lessons from

the coronavirus disease 2019 (COVID-19) outbreak in China: sum-

mary of a report of 72314 cases from the Chinese Center for Dis-

ease Control and Prevention. JAMA. 2020;323(13):1239–1242.
https://doi.org/10.1001/jama.2020.2648

4. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized

patients with 2019 novel coronavirus–infected pneumonia in

Wuhan, China. JAMA. 2020;323(11):1061-1069.

5. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respi-

ratory distress syndrome and death in patients with coronavirus dis-

ease 2019 pneumonia in Wuhan, China. JAMA Intern Med. 2020.

https://doi.org/10.1001/jamainternmed.2020.0994

6. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus

disease 2019 in China. N Engl J Med. 2020;382(18):1708-1720.

7. Balanzat AM, Hertlein C, Apezteguia C, et al. An analysis of 332 fatal-

ities infected with pandemic 2009 influenza A (H1N1) in Argentina.

PLoS One. 2012;7(4):e33670.

8. Bassetti M, Parisini A, Calzi A, et al. Risk factors for severe complica-

tions of the novel influenza A (H1N1): analysis of patients hospital-

ized in Italy. Clin Microbiol Infect. 2011;17(2):247-250.

9. Zhang AJ, To KK, Li C, et al. Leptin mediates the pathogenesis of

severe 2009 pandemic influenza A (H1N1) infection associated with

cytokine dysregulation in mice with diet-induced obesity. J Infect

Dis. 2013;207(8):1270-1280.

10. Monteiro R, Azevedo I. Chronic inflammation in obesity and the

metabolic syndrome. Mediators Inflamm. 2010;2010:289645.

11. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of

adults with community-acquired pneumonia. An official clinical prac-

tice guideline of the American Thoracic Society and Infectious Dis-

eases Society of America. Am J Respir Crit Care Med. 2019;200(7):

e45-e67.

12. China National Health Commission. Diagnosis and treatment of pneu-

monitis caused by new coronavirus (trial version 7). Beijing: China

National Health Commission, 2020. http://en.nhc.gov.cn/2020-03/

29/c_78469.htm

13. Zhou BF. Predictive values of body mass index and waist circumfer-

ence for risk factors of certain related diseases in Chinese adults—
study on optimal cut-off points of body mass index and waist cir-

cumference in Chinese adults. Biomed Environ Sci. 2002;15:83-96.

14. Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean

from the sample size, median, mid-range, and/or mid-quartile range.

Stat Methods Med Res. 2018;27(6):1785-1805.

15. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and

standard deviation from the sample size, median, range and/or inter-

quartile range. BMC Med Res Methodol. 2014;14:135

16. NCD Risk Factor Collaboration. Trends in adult body-mass index in

200 countries from 1975 to 2014: a pooled analysis of 1698

population-based measurement studies with 19�2 million partici-

pants. Lancet. 2016;387:1377-1396.

17. Organisation for Economic Co-operation and Development. Obesity

update 2017. OECD https://wwwoecdorg/els/health-

systems/Obesity-Update-2017pdf

18. Cai Q, Huang D, Ou P, et al. COVID-19 in a designated infectious

diseases hospital outside Hubei Province, China. Allergy. 2020;00:

1–11. https://doi.org/10.1111/all.14309
19. Li X, Xu S, Yu M, et al. Risk factors for severity and mortality in adult

COVID-19 inpatients in Wuhan. J Allergy Clin Immunol. 2020.

https://doi.org/10.1016/j.jaci.2020.04.006

20. Huang R, Zhu L, Xue L, et al. Clinical findings of patients with coro-

navirus disease 2019 in Jiangsu province, China: a retrospective,

multi-center study. PLoS Negl Trop Dis. 2020;14(5):e0008280.

21. Wu J, Li W, Shi X, et al. Early antiviral treatment contributes to alle-

viate the severity and improve the prognosis of patients with novel

coronavirus disease (COVID-19). J Intern Med. 2020;288(1)::

128–138. https://doi.org/10.1111/joim.13063

22. Xiang, T.X., Liu, J.M., Xu, F., Cheng, N., Liu, Y. and Qian, K.J. Analysis

of clinical characteristics of 49 patients with coronavirus disease

2019 in Jiangxi. Chin J Respir Crit Care Med 2020;19:154–160.
23. Chen Q, Zheng Z, Zhang C, et al. Clinical characteristics of

145 patients with corona virus disease 2019 (COVID-19) in Taizhou,

Zhejiang, China. Infection. 2020;1-9. https://doi.org/10.1007/

s15010-020-01432-5

24. Liu M, He P, Liu HG, et al. Clinical characteristics of 30 medical

workers infected with new coronavirus pneumonia. Zhonghua Jie He

He Hu Xi Za Zhi. 2020;43(3):209-214.

25. Peng YD, Meng K, Guan HQ, et al. Clinical characteristics and out-

comes of 112 cardiovascular disease patients infected by

2019-nCoV. Zhonghua Xin Xue Guan Bing Za Zhi. 2020;48:E004.

26. Xiong F, Tang H, Liu L, et al. Clinical characteristics of and medical

interventions for COVID-19 in hemodialysis patients in Wuhan,

China. J Am Soc Nephrol. 2020;ASN.2020030354: https://doi.org/

10.1681/ASN.2020030354

27. Sun DW, Zhang D, Tian RH, et al. The underlying changes and

predicting role of peripheral blood inflammatory cells in severe

COVID-19 patients: a sentinel? Clin Chim Acta. 2020;508:122-129.

28. Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital

admission and critical illness among 5279 people with coronavirus

disease 2019 in New York City: prospective cohort study. BMJ.

2020;369:m1966.

29. Lighter J, Phillips M, Hochman S, et al. Obesity in patients younger

than 60 years is a risk factor for Covid-19 hospital admission. Clin

Infect Dis. 2020. https://doi.org/10.1093/cid/ciaa415

30. Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in critically

ill patients in the Seattle region—case series. N Engl J Med. 2020;

382(21):2012-2022. https://doi.org/10.1056/NEJMoa2004500

31. Goyal P, Choi JJ, Pinheiro LC, et al. Clinical characteristics of Covid-

19 in New York City. N Engl J Med. 2020;382(24):2372-2374.

https://doi.org/10.1056/NEJMc2010419

32. Kalligeros M, Shehadeh F, Mylona EK, et al. Association of obesity

with disease severity among patients with COVID-19. Obesity (Silver

Spring). 2020;28(7):1200–1204. https://doi.org/10.1002/oby.22859
33. Simonnet A, Chetboun M, Poissy J, et al. High prevalence of obesity

in severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)

requiring invasive mechanical ventilation. Obesity (Silver Spring).

2020;28(7):1195–1199. https://doi.org/10.1002/oby.22831
34. Bluher M. Obesity: global epidemiology and pathogenesis. Nat Rev

Endocrinol. 2019;15:288-298.

35. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabo-

lism. 2019;92:6-10.

36. He G, Sun W, Fang P, et al. The clinical feature of silent infections of

novel coronavirus infection (COVID-19) in Wenzhou. J Med Virol.

2020. https://doi.org/10.1002/jmv.25861

37. Zheng KI, Gao F, Wang XB, et al. Obesity as a risk factor for greater

severity of COVID-19 in patients with metabolic associated fatty

liver disease. Metabolism. 2020;108, 154244. https://doi.org/10.

1016/j.metabol.2020.154244

38. Collaborators GBDO, Afshin A, Forouzanfar MH, et al. Health

effects of overweight and obesity in 195 countries over 25 years. N

Engl J Med. 2017;377(1):13-27.

39. Kass DA, Duggal P, Cingolani O. Obesity could shift severe COVID-

19 disease to younger ages. Lancet. 2020;395(10236):1544-1545.

40. Thelwall S, Harrington P, Sheridan E, Lamagni T. Impact of obesity

on the risk of wound infection following surgery: results from a

nationwide prospective multicentre cohort study in England. Clin

Microbiol Infect. 2015;21:1008 e1–8(11):1008.e1–1008.e8.
41. Wang HE, Griffin R, Judd S, Shapiro NI, Safford MM. Obesity and

risk of sepsis: a population-based cohort study. Obesity (Silver

Spring). 2013;21(12):E762-E769.

CHANG ET AL. 9

https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jamainternmed.2020.0994
http://en.nhc.gov.cn/2020-03/29/c_78469.htm
http://en.nhc.gov.cn/2020-03/29/c_78469.htm
https://wwwoecdorg/els/health-systems/Obesity-Update-2017pdf
https://wwwoecdorg/els/health-systems/Obesity-Update-2017pdf
https://doi.org/10.1111/all.14309
https://doi.org/10.1016/j.jaci.2020.04.006
https://doi.org/10.1111/joim.13063
https://doi.org/10.1007/s15010-020-01432-5
https://doi.org/10.1007/s15010-020-01432-5
https://doi.org/10.1681/ASN.2020030354
https://doi.org/10.1681/ASN.2020030354
https://doi.org/10.1093/cid/ciaa415
https://doi.org/10.1056/NEJMoa2004500
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1002/oby.22859
https://doi.org/10.1002/oby.22831
https://doi.org/10.1002/jmv.25861
https://doi.org/10.1016/j.metabol.2020.154244
https://doi.org/10.1016/j.metabol.2020.154244


42. Phung DT, Wang Z, Rutherford S, Huang C, Chu C. Body mass index

and risk of pneumonia: a systematic review and meta-analysis. Obes

Rev. 2013;14(10):839-857.

43. Dorner TE, Schwarz F, Kranz A, Freidl W, Rieder A, Gisinger C. Body

mass index and the risk of infections in institutionalised geriatric

patients. Br J Nutr. 2010;103(12):1830-1835.

44. Furuhashi M, Moniwa N, Takizawa H, Ura N, Shimamoto K. Potential

differential effects of renin-angiotensin system inhibitors on SARS-

CoV-2 infection and lung injury in COVID-19. Hypertens Res. 2020;

1-4.

45. Chandra RK. Cell-mediated immunity in genetically obese C57BL/6J

Ob/Ob) mice. Am J Clin Nutr. 1980;33(1):13-16.

46. Karlsson EA, Sheridan PA, Beck MA. Diet-induced obesity in mice

reduces the maintenance of influenza-specific CD8+ memory T cells.

J Nutr. 2010;140:1691-1697.

47. Tan L, Wang Q, Zhang D, et al. Lymphopenia predicts disease sever-

ity of COVID-19: a descriptive and predictive study. Signal Transduct

Target Ther. 2020;5(1):33.

48. Liu Y, Du X, Chen J, et al. Neutrophil-to-lymphocyte ratio as an inde-

pendent risk factor for mortality in hospitalized patients with

COVID-19. J Infect. 2020;81(1):e6-e12. https://doi.org/10.1016/j.

jinf.2020.04.002

49. Turer CB, Brady TM, de Ferranti SD. Obesity, hypertension, and dys-

lipidemia in childhood are key modifiable antecedents of adult cardio-

vascular disease: a call to action. Circulation. 2018;137(12):1256-1259.

50. Kassir R. Risk of COVID-19 for patients with obesity. Obes Rev.

2020;21(6):e13034.

51. Wei YY, Wang RR, Zhang DW, et al. Risk factors for severe COVID-

19: Evidence from 167 hospitalized patients in Anhui. China. J Infect.

2020. https://doi.org/10.1016/j.jinf.2020.04.010

52. Ji D, Qin E, Xu J, et al. Non-alcoholic fatty liver diseases in patients

with COVID-19: A retrospective study. J Hepatol. 2020. https://doi.

org/10.1016/j.jhep.2020.03.044

53. Yu T, Cai S, Zheng Z, et al. Association Between Clinical Manifesta-

tions and Prognosis in Patients with COVID-19. Clin Ther. 2020.

https://doi.org/10.1016/j.clinthera.2020.04.009

54. Zhu W, Xie K, Lu H, Xu L, Zhou S, Fang S. Initial clinical features of

suspected coronavirus disease 2019 in two emergency departments

outside of Hubei, China. J Med Virol. 2020. https://doi.org/10.1002/

jmv.25763

55. Zhou Y, Han T, Chen J, et al. Clinical and Autoimmune Characteris-

tics of Severe and Critical Cases with COVID-19. Clin Transl Sci.

2020. https://doi.org/10.1111/cts.12805

56. Li X, Fang X, Bian Y, Lu J. Comparison of chest CT findings between

COVID-19 pneumonia and other types of viral pneumonia: a two-

center retrospective study. Eur Radiol. 2020;1-9. https://doi.org/10.

1007/s00330-020-06925-3

57. Yu X, Sun X, Cui P, et al. Epidemiological and clinical characteristics of

333 confirmed cases with coronavirus disease 2019 in Shanghai, China.

Transbound Emerg Dis. 2020. https://doi.org/10.1111/tbed.13604

58. Cai Q, Huang D, Yu H, et al. COVID-19: Abnormal liver function

tests. J Hepatol. 2020. https://doi.org/10.1016/j.jhep.2020.04.006

59. Cai Q, Yang M, Liu D, et al. Experimental treatment with favipiravir

for COVID-19: an open-label control study. Engineering. 2020.

https://doi.org/10.1016/j.eng.2020.03.007

60. Cai Q, Chen F, Wang T, et al. Obesity and COVID-19 Severity in a

Designated Hospital in Shenzhen, China. Diabetes Care. 2020;

dc200576. https://doi.org/10.2337/dc20-0576

61. Gao F, Zheng KI, Wang XB, et al. Metabolic associated fatty liver

disease increases COVID-19 disease severity in non-diabetic

patients. J Gastroenterol Hepatol. 2020. https://doi.org/10.1111/jgh.

15112

62. He G, Sun W, Fang P, et al. The clinical feature of silent infections of

novel coronavirus infection (COVID-19) in Wenzhou. J Med Virol.

2020. https://doi.org/10.1002/jmv.25861

63. Targher G, Mantovani A, Wang XB, et al. Patients with diabetes are

at higher risk for severe illness from COVID-19. Diabetes Metab.

2020. https://doi.org/10.1016/j.diabet.2020.05.001

64. Yang W, Cao Q, Qin L, et al. Clinical characteristics and imaging

manifestations of the 2019 novel coronavirus disease (COVID-19):A

multi-center study in Wenzhou city, Zhejiang, China. J Infect. 2020;

80:388-393.

65. Zheng KI, Gao F, Wang XB, et al. Obesity as a risk factor for greater

severity of COVID-19 in patients with metabolic associated fatty

liver disease. Metabolism. 2020;154244. https://doi.org/10.1016/j.

metabol.2020.154244

66. Cao J, Tu WJ, Cheng W, et al. Clinical Features and Short-term

Outcomes of 102 Patients with Corona Virus Disease 2019 in

Wuhan, China. Clin Infect Dis. 2020. https://doi.org/10.1093/cid/

ciaa243

67. Hu L, Chen S, Fu Y, et al. Risk Factors Associated with Clinical Out-

comes in 323 COVID-19 Hospitalized Patients in Wuhan, China. Clin

Infect Dis. 2020. https://doi.org/10.1093/cid/ciaa539

68. Liu Y, Du X, Chen J, et al. Neutrophil-to-lymphocyte ratio as an inde-

pendent risk factor for mortality in hospitalized patients with COVID-

19. J Infect. 2020. https://doi.org/10.1016/j.jinf.2020.04.002

69. Zhang L, Li J, Zhou M, Chen Z. Summary of 20 tracheal intubation

by anesthesiologists for patients with severe COVID-19 pneumonia:

retrospective case series. J Anesth. 2020. https://doi.org/10.1007/

s00540-020-02778-8

70. Pedersen HP, Hildebrandt T, Poulsen A, et al. Initial experiences

from patients with COVID-19 on ventilatory support in Denmark.

Dan Med J. 2020;67.

71. Mahevas M, Tran VT, Roumier M, et al. Clinical efficacy of hydro-

xychloroquine in patients with covid-19 pneumonia who require

oxygen: observational comparative study using routine care data.

BMJ. 2020;m1844:369.

72. Evrard B, Goudelin M, Montmagnon N, Fedou A-L, Lafon T, Vignon

P. Cardiovascular phenotypes in ventilated patients with COVID-19

acute respiratory distress syndrome. Crit Care. 2020;24:236.

73. Caussy C, Pattou F, Wallet F, et al. Prevalence of obesity among

adult inpatients with COVID-19 in France. Lancet Diabetes

Endocrinol. 2020. https://doi.org/10.1016/S2213-8587(20)30160-1

74. Million M, Lagier JC, Gautret P, et al. Early treatment of COVID-19

patients with hydroxychloroquine and azithromycin: A retrospective

analysis of 1061 cases in Marseille, France. Travel Med Infect Dis.

2020;101738. https://doi.org/10.1016/j.tmaid.2020.101738

75. Dreher M, Kersten A, Bickenbach J, et al. The characteristics of 50

hospitalized COVID-19 patients with and without ARDS. Deutsches

Ärzteblatt International. 2020;117:271.

76. Itelman E, Wasserstrum Y, Segev A, et al. Clinical Characterization of

162 COVID-19 patients in Israel: Preliminary Report from a Large

Tertiary Center. Isr Med Assoc J. 2020;22:271-274.

77. Bellosta R, Luzzani L, Natalini G, et al. Acute limb ischemia in

patients with COVID-19 pneumonia. J Vasc Surg. 2020. https://doi.

org/10.1016/j.jvs.2020.04.483

78. Inciardi RM, Adamo M, Lupi L, et al. Characteristics and outcomes of

patients hospitalized for COVID-19 and cardiac disease in Northern

Italy. Eur Heart J. 2020;41:1821-1829.

79. Paderno A, Schreiber A, Grammatica A, et al. Smell and taste alter-

ations in Covid-19: a cross-sectional analysis of different cohorts. Int

Forum Allergy Rhinol. 2020. https://doi.org/10.1002/alr.22610

80. Piva S, Filippini M, Turla F, et al. Clinical presentation and initial man-

agement critically ill patients with severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection in Brescia, Italy. J Crit Care.

2020;58:29-33.

81. Bhoori S, Rossi RE, Citterio D, Mazzaferro V. COVID-19 in long-term

liver transplant patients: preliminary experience from an Italian

transplant centre in Lombardy. Lancet Gastroenterol Hepatol. 2020;5:

532-533.

10 CHANG ET AL.

https://doi.org/10.1016/j.jinf.2020.04.002
https://doi.org/10.1016/j.jinf.2020.04.002
https://doi.org/10.1016/j.jinf.2020.04.010
https://doi.org/10.1016/j.jhep.2020.03.044
https://doi.org/10.1016/j.jhep.2020.03.044
https://doi.org/10.1016/j.clinthera.2020.04.009
https://doi.org/10.1002/jmv.25763
https://doi.org/10.1002/jmv.25763
https://doi.org/10.1111/cts.12805
https://doi.org/10.1007/s00330-020-06925-3
https://doi.org/10.1007/s00330-020-06925-3
https://doi.org/10.1111/tbed.13604
https://doi.org/10.1016/j.jhep.2020.04.006
https://doi.org/10.1016/j.eng.2020.03.007
https://doi.org/10.2337/dc20-0576
https://doi.org/10.1111/jgh.15112
https://doi.org/10.1111/jgh.15112
https://doi.org/10.1002/jmv.25861
https://doi.org/10.1016/j.diabet.2020.05.001
https://doi.org/10.1016/j.metabol.2020.154244
https://doi.org/10.1016/j.metabol.2020.154244
https://doi.org/10.1093/cid/ciaa243
https://doi.org/10.1093/cid/ciaa243
https://doi.org/10.1093/cid/ciaa539
https://doi.org/10.1016/j.jinf.2020.04.002
https://doi.org/10.1007/s00540-020-02778-8
https://doi.org/10.1007/s00540-020-02778-8
https://doi.org/10.1016/S2213-8587(20)30160-1
https://doi.org/10.1016/j.tmaid.2020.101738
https://doi.org/10.1016/j.jvs.2020.04.483
https://doi.org/10.1016/j.jvs.2020.04.483
https://doi.org/10.1002/alr.22610


82. Lodigiani C, Iapichino G, Carenzo L, et al. Venous and arterial throm-

boembolic complications in COVID-19 patients admitted to an aca-

demic hospital in Milan. Italy. Thromb Res. 2020;191:9-14.

83. Mauri T, Spinelli E, Scotti E, et al. Potential for Lung

Recruitment and Ventilation-Perfusion Mismatch in Patients

With the Acute Respiratory Distress Syndrome From Coronavirus

Disease 2019. Crit Care Med. 2020. https://doi.org/10.1097/CCM.

0000000000004386

84. Spiezia L, Boscolo A, Poletto F, et al. COVID-19-Related Severe

Hypercoagulability in Patients Admitted to Intensive Care Unit for

Acute Respiratory Failure. Thromb Haemost. 2020. https://doi.org/

10.1055/s-0040-1710018

85. Ihle-Hansen H, Berge T, Tveita A, et al. COVID-19: Symptoms,

course of illness and use of clinical scoring systems for the first

42 patients admitted to a Norwegian local hospital. Tidsskr Nor

Laegeforen. 2020;140. https://doi.org/10.4045/tidsskr.20.0301

86. Cardoso FS, Pereira R, Germano N. Liver injury in critically ill

patients with COVID-19: a case series. Crit Care. 2020;24:190.

87. Barrasa H, Rello J, Tejada S, et al. SARS-Cov-2 in Spanish Intensive

Care: Early Experience with 15-day Survival In Vitoria. Anaesth

Crit Care Pain Med. 2020. https://doi.org/10.1016/j.accpm.2020.

04.001

88. Docherty AB, Harrison EM, Green CA, et al. Features of 20 133 UK

patients in hospital with covid-19 using the ISARIC WHO Clinical

Characterisation Protocol: prospective observational cohort study.

BMJ. 2020;369:m1985.

89. de Lusignan S, Dorward J, Correa A, et al. Risk factors for SARS-

CoV-2 among patients in the Oxford Royal College of General Prac-

titioners Research and Surveillance Centre primary care network: a

cross-sectional study. Lancet Infect Dis. 2020. https://doi.org/10.

1016/S1473-3099(20)30371-6

90. Aggarwal S, Garcia-Telles N, Aggarwal G, Lavie C, Lippi G, Henry

BM. Clinical features, laboratory characteristics, and outcomes of

patients hospitalized with coronavirus disease 2019 (COVID-19):

Early report from the United States. Diagnosis (Berl). 2020;7:91-96.

91. Gold JAW, Wong KK, Szablewski CM, et al. Characteristics and Clin-

ical Outcomes of Adult Patients Hospitalized with COVID-19 -

Georgia, March 2020. MMWR Morb Mortal Wkly Rep. 2020;69:

545-550.

92. Price-Haywood EG, Burton J, Fort D, Seoane L. Hospitalization and

Mortality among Black Patients and White Patients with Covid-19.

N Engl J Med. 2020. https://doi.org/10.1056/NEJMsa2011686

93. Mohamed MM, Lukitsch I, Torres-Ortiz AE, et al. Acute

Kidney Injury Associated with Coronavirus Disease 2019 in Urban

New Orleans. Kidney360. 2020. https://doi.org/10.34067/KID.

0002652020

94. Ketcham SW, Adie SK, Malliett A, et al. Coronavirus Disease 2019 in

Heart Transplant Recipients in Southeastern Michigan - Case Series.

J Card Fail. 2020. https://doi.org/10.1016/j.cardfail.2020.05.008

95. Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical

course, and outcomes of critically ill adults with COVID-19 in New

York City: a prospective cohort study. Lancet. 2020. https://doi.org/

10.1016/S0140-6736(20)31189-2

96. Latif F, Farr MA, Clerkin KJ, et al. Characteristics and Outcomes

of Recipients of Heart Transplant With Coronavirus Disease

2019. JAMA cardiol. 2020. https://doi.org/10.1001/jamacardio.

2020.2159

97. Palaiodimos L, Kokkinidis DG, Li W, et al. Severe obesity, increasing

age and male sex are independently associated with worse in-hospi-

tal outcomes, and higher in-hospital mortality, in a cohort of patients

with COVID-19 in the Bronx, New York. Metabolism. 2020;108:

154262.

98. Pereira MR, Mohan S, Cohen DJ, et al. COVID-19 in solid organ

transplant recipients: Initial report from the US epicenter. Am J

Transplant. 2020. https://doi.org/10.1111/ajt.15941

99. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting Character-

istics, Comorbidities, and Outcomes Among 5700 Patients Hospital-

ized With COVID-19 in the New York City Area. JAMA. 2020.

https://doi.org/10.1001/jama.2020.6775

100. Buckner FS, McCulloch DJ, Atluri V, et al. Clinical Features and Out-

comes of 105 Hospitalized patients with COVID-19 in Seattle,

Washington. Clin Infect Dis. 2020. https://doi.org/10.1093/cid/

ciaa632

101. Kimball A, Hatfield KM, Arons M, et al. Asymptomatic and Pres-

ymptomatic SARS-CoV-2 Infections in Residents of a Long-Term

Care Skilled Nursing Facility - King County, Washington, March

2020. MMWR Morb Mortal Wkly Rep. 2020;69:377-381.

102. Bode B, Garrett V, Messler J, et al. Glycemic Characteristics and

Clinical Outcomes of COVID-19 Patients Hospitalized in the United

States. J Diabetes Sci Technol. 2020;1932296820924469. https://

doi.org/10.1177/1932296820924469

103. Garg S, Kim L, Whitaker M, et al. Hospitalization Rates and Charac-

teristics of Patients Hospitalized with Laboratory-Confirmed Coro-

navirus Disease 2019 - COVID-NET, 14 States, March 1-30, 2020.

MMWR Morb Mortal Wkly Rep. 2020;69:458-464.

104. Jacobs JP, Stammers AH, St Louis J, et al. Extracorporeal Membrane

Oxygenation in the Treatment of Severe Pulmonary and Cardiac

Compromise in COVID-19: Experience with 32 patients. ASAIO J.

2020. https://doi.org/10.1097/MAT.0000000000001185

How to cite this article: ChangT-H, Chou C-C, Chang L-Y.

Effect of obesity and body mass index on coronavirus disease

2019 severity: A systematic review and meta-analysis. Obesity

Reviews. 2020;1–17. https://doi.org/10.1111/obr.13089

CHANG ET AL. 11

https://doi.org/10.1097/CCM.0000000000004386
https://doi.org/10.1097/CCM.0000000000004386
https://doi.org/10.1055/s-0040-1710018
https://doi.org/10.1055/s-0040-1710018
https://doi.org/10.4045/tidsskr.20.0301
https://doi.org/10.1016/j.accpm.2020.04.001
https://doi.org/10.1016/j.accpm.2020.04.001
https://doi.org/10.1016/S1473-3099(20)30371-6
https://doi.org/10.1016/S1473-3099(20)30371-6
https://doi.org/10.1056/NEJMsa2011686
https://doi.org/10.34067/KID.0002652020
https://doi.org/10.34067/KID.0002652020
https://doi.org/10.1016/j.cardfail.2020.05.008
https://doi.org/10.1016/S0140-6736(20)31189-2
https://doi.org/10.1016/S0140-6736(20)31189-2
https://doi.org/10.1001/jamacardio.2020.2159
https://doi.org/10.1001/jamacardio.2020.2159
https://doi.org/10.1111/ajt.15941
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1093/cid/ciaa632
https://doi.org/10.1093/cid/ciaa632
https://doi.org/10.1177/1932296820924469
https://doi.org/10.1177/1932296820924469
https://doi.org/10.1097/MAT.0000000000001185
https://doi.org/10.1111/obr.13089


APPENDIX A.

TABLE A1 Database search strategies

Search terms genetic trait

English synonyms Controlled vocabulary Emtree/MeSH

Coronavirus Coronavirinae

COVID-19 Coronaviridae

2019-nCoV Coronaviridae infection

SARS-CoV-2 Covid 19

Sars coronavirus 2

CORONAVIRUS

CORONAVIRUS INFECTIONS

Clinical features Clinical feature

Characteristics

Symptoms Symptom

SYMPTOM ASSESSMENT

Survival Survival

SURVIVAL

Mortality Mortality

MORTALITY

Severe disease Disease severity

Intensive care Intensive care

CRITICAL CARE

Mechanical ventilation Artificial ventilation

RESPIRATION, ARTIFICIAL

Search strategy

Database # Search syntax Citations found

Embase 1 (coronavirus OR “COVID-19” OR “2019-nCoV” OR “SARS-CoV-2”):
ti,ab,kw,de

30 026

2 “Coronavirinae”/exp OR “Coronavirinae”/exp OR “Coronaviridae
infection”/exp OR “covid 19”/exp OR “sars coronavirus 2”/exp

28 193

3 (clinical features OR characteristics OR symptoms OR survival OR

mortality OR severe disease OR intensive care OR mechanical

ventilation):ti,ab,kw,de

114 321

4 “clinical feature”/exp OR “symptom”/exp OR “Survival”/exp OR

“Mortality”/exp OR “disease severity”/exp OR “intensive care”/exp
OR “artificial ventilation”/exp

4 395 276

5 (#1 OR #2) AND (#3 OR #4) 7413

6 #5 AND [2020]/py 3371

MEDLINE 1 (coronavirus OR “COVID-19” OR “2019-nCoV” OR “SARS-CoV-2”).mp 30 701

2 exp “CORONAVIRUS”/OR exp “CORONAVIRUS INFECTIONS”/ 19 014

3 (clinical features OR characteristics OR symptoms OR survival OR

mortality OR severe disease OR intensive care OR mechanical

ventilation).mp

3 988 238

4 exp “SYMPTOM ASSESSMENT”/ OR exp “SURVIVAL”/ OR exp

“MORTALITY”/ OR exp “CRITICAL CARE”/OR exp “RESPIRATION,

ARTIFICIAL “/

507 048

5 (1 OR 2) AND (3 OR 4) 7016

6 limit 5 to (yr = “2020”) 3764

12 CHANG ET AL.



TABLE A1 (Continued)

Search strategy

Database # Search syntax Citations found

CochraneCENTRAL 1 (coronavirus OR “COVID-19” OR “2019-nCoV” OR “SARS-CoV-2”):
ti,ab,kw

359

2 [mh “CORONAVIRUS”] OR [mh “CORONAVIRUS INFECTIONS”] 186

3 (clinical features OR characteristics OR symptoms OR survival OR

mortality OR severe disease OR intensive care OR mechanical

ventilation):ti,ab,kw

386 174

4 [mh “SYMPTOM ASSESSMENT”] OR [mh “SURVIVAL”] OR [mh

“MORTALITY”] OR [mh “CRITICAL CARE”] OR [mh “RESPIRATION,

ARTIFICIAL “]

14 963

5 (#1 OR #2) AND (#3 OR #4) 248

6 limit #5 to (yr = “2020”) 17

7 Cochrane reviews 5

8 Special collections 1

9 Trials 11

CHANG ET AL. 13
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