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Obesity is associated with increased severity 
of disease in COVID-19 pneumonia: a systematic 
review and meta-analysis
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Abstract 

Background: Obesity has been widely reported to be associated with the disease progression of coronavirus dis-
ease 2019 (COVID-19); however, some studies have reported different findings. We conducted a systematic review 
and meta-analysis to investigate the association between obesity and poor outcomes in patients with COVID-19 
pneumonia.

Methods: A systematic review and meta-analysis of studies from the PubMed, Embase, and Web of Science data-
bases from 1 November 2019 to 24 May 2020 was performed. Study quality was assessed, and data extraction was 
conducted. The meta-analysis was carried out using fixed-effects and random-effects models to calculate odds ratios 
(ORs) of several poor outcomes in obese and non-obese COVID-19 patients.

Results: Twenty-two studies (n = 12,591 patients) were included. Pooled analysis demonstrated that body mass 
index (BMI) was higher in severe/critical COVID-19 patients than in mild COVID-19 patients (MD 2.48 kg/m2, 95% CI 
[2.00 to 2.96 kg/m2]). Additionally, obesity in COVID-19 patients was associated with poor outcomes (OR = 1.683, 
95% CI [1.408–2.011]), which comprised severe COVID-19, ICU care, invasive mechanical ventilation use, and disease 
progression (OR = 4.17, 95% CI [2.32–7.48]; OR = 1.57, 95% CI [1.18–2.09]; OR = 2.13, 95% CI [1.10–4.14]; OR = 1.41, 95% 
CI [1.26–1.58], respectively). Obesity as a risk factor was greater in younger patients (OR 3.30 vs. 1.72). However, obesity 
did not increase the risk of hospital mortality (OR = 0.89, 95% CI [0.32–2.51]).

Conclusions: As a result of a potentially critical role of obesity in determining the severity of COVID-19, it is important 
to collect anthropometric information for COVID-19 patients, especially the younger group. However, obesity may not 
be associated with hospital mortality, and efforts to understand the impact of obesity on the mortality of COVID-19 
patients should be a research priority in the future.

Keywords: COVID-19, Obesity, Poor outcomes, Meta-analysis

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/publi cdoma in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
In early December 2019, the rapid propagation of a 
novel coronavirus broke out in Wuhan, Hubei, China, 
and caused a highly infectious serious acute respiratory 

syndrome named coronavirus disease 2019 (COVID-
19) [1]. COVID-19 causes high morbidity and mortality 
worldwide, and the World Health Organization (WHO) 
officially declared it a pandemic [2]. By 25 May 2020, 
COVID-19 had caused 5,941,223 confirmed cases and 
366,601 related fatalities worldwide [3]. Severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), which 
has been identified as the pathogen of COVID-19, is a 
novel enveloped RNA beta-coronavirus that shares simi-
lar genetic identity with two bat-derived coronavirus 
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strains, bat-SL-CoVZC45 and bat-SL-CoVZXC21 [4]. In 
addition, molecular modelling showed structural simi-
larity between the receptor-binding domains of SARS-
CoV and SARS-CoV-2; therefore, SARS-CoV-2 might 
use angiotensin-converting enzyme 2 (ACE2) as a cell 
receptor [4]. The affinity of SARS-CoV-2 for ACE2 is 
approximately 10–20-fold higher than that of SARS-CoV. 
In addition, ACE2 expression is not limited to the lung; 
ACE2 is also found in many extrapulmonary organs, such 
as the oral epithelium, adipose tissue, and heart, which 
could explain the higher infectivity and multiple organ 
dysfunction of SARS-CoV-2 infection [5, 6]. Although 
the majority of COVID-19 patients are asymptomatic or 
present with mild symptoms such as fatigue and cough, 
several patients will develop severe or critical pneumo-
nia, characterized as acute respiratory distress syndrome 
(ARDS), multiorgan failure, and even death [7]. There-
fore, more efforts should be directed towards identifying 
populations at high risk for developing severe or critical 
COVID-19 [8].

Although several factors have been clearly identified 
that contribute to the development of severe COVID-
19, such as increasing age, male sex, geographic region, 
and multiple chronic comorbidities, obesity is emerging 
as an important risk factor, especially in industrialized 
countries [9]. During the 2009 influenza A virus (IAV) 
H1N1 pandemic, obesity was linked to an increased 
risk of severe disease and was a significant risk fac-
tor for hospitalization and death [10]. Louie et  al. [11] 
reported that over half of hospitalized patients infected 
with H1N1 were obese, and most deaths occurred in 
patients who were morbidly obese. A meta-analysis iden-
tified 22 articles and indicated that obesity significantly 
increased the risk of death and critical complications of 
H1N1 infection [12]. Apart from the evidence from the 
H1N1 influenza experience, obese subjects with influ-
enza shed the virus for a longer period of time than lean 
subjects, which increased the transmitting ability of the 
virus [13]. In addition, the reduced and delayed capac-
ity of producing interferons allows more viral RNA rep-
lication, increasing the possibility of novel viral strains, 
and the unfavourable hormone milieu of obese patients 
also leads to defects in innate immunity and B and T cell 
responses [14]. Consequently, emerging evidence indi-
cates an association between obesity and the severity of 
respiratory infectious diseases. Notably, one French study 
proposed a higher frequency of obesity among intensive 
care unit (ICU) patients with SARS-CoV-2-related pneu-
monia [15]. Similarly, a retrospective case–control study 
of young Chinese patients with COVID-19 indicated that 
obesity was the most important critical factor contrib-
uting to their death [16]. Peng et al. [17] showed that, in 
comparison with survivors, non-survivors of COVID-19 

patients had a higher body mass index (BMI). However, 
research regarding fatalities in Italy associated with the 
COVID-19 pandemic failed to mention obesity as one 
of the pre-existing diseases associated with death [18]. 
Previous studies have demonstrated an “obesity paradox”, 
or an inverse relationship between obesity and mortality 
among critically ill patients, including those with ARDS 
[19, 20]. The effects of COVID-19 on patients with obe-
sity have not yet been well described. The latest systemic 
review emphasized that obesity was a risk factor for the 
prognosis of COVID-19 [21]. However, the review merely 
summarized three studies, and more data are needed 
to support the conclusions. Recently, updated studies 
assessing obesity and severe COVID-19 have become 
available, which have amplified the number of obese 
COVID-19 patients for whom data are available to a 
large extent. Due to the conflicting evidence, limitations 
of past reviews, and availability of new data, this study 
aimed to investigate the association between obesity and 
poor outcomes of COVID-19 patients by performing a 
systematic review and meta-analysis.

Methods and materials
Search strategy and selection criteria
The study was carried out according to the Meta-analy-
sis of Observational Studies in Epidemiology (MOOSE) 
guidelines [22] (Additional file  1: Table  S1). We carried 
out a comprehensive electronic search in the PubMed, 
Embase, and Web of Science databases (Additional file 1: 
Table S2). Moreover, due to the rapid evolution of infor-
mation during the current pandemic, preprint articles 
published on medRxiv (https ://www.medrx iv.org) and 
SSRN (https ://www.ssrn.com) were also included, and 
the reference lists of all potential studies were retrieved to 
identify additional suitable articles. No language restric-
tions were applied. Articles published between Novem-
ber 1, 2019, and May 24, 2020, were eligible for inclusion. 
The following search terms were used: (a) (“2019 novel 
coronavirus disease” OR “COVID19” OR “COVID-19 
pandemic” OR “SARS-CoV-2 infection” OR “COVID-19 
virus disease” OR “2019 novel coronavirus infection” OR 
“2019-nCoV infection” OR “coronavirus disease 2019” 
OR “coronavirus disease-19” OR “2019-nCoV disease” 
OR “COVID-19 virus infection” OR “COVID-19”) AND 
(“Obesity” [MeSH]); and (b) (“2019 novel coronavirus 
disease” OR “COVID19” OR “COVID-19 pandemic” OR 
“SARS-CoV-2 infection” OR “COVID-19 virus disease” 
OR “2019 novel coronavirus infection” OR “2019-nCoV 
infection” OR “coronavirus disease 2019” OR “coronavi-
rus disease-19” OR “2019-nCoV disease” OR “COVID-19 
virus infection” OR “COVID-19”) AND “Characteristics”.

https://www.medrxiv.org
https://www.ssrn.com
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Inclusion and exclusion criteria
We included all studies that reported (1) information on 
BMI or the presence of obesity (the WHO defines obe-
sity as BMI ≥ 30 kg/m2, while in Asia, obesity is defined 
as BMI ≥ 28 kg/m2) [23, 24] and (2) the specific outcomes 
of COVID-19 patients, such as mortality, severe COVID-
19, ICU care, the usage of invasive mechanical ventilation 
(IMV), and disease progression of COVID-19. If there 
were two or more studies from the same authors, only 
the study with the largest sample size was chosen. Stud-
ies with insufficient data to be analyzed, such as review 
articles, non-research letters, animal experiments, com-
mentaries, meta-analyses, and case series, were excluded.

Study selection and data extraction
Duplicates were removed. The title and abstract were 
screened by two independent investigators. The full text 
of the remaining studies was reviewed according to the 
inclusion and exclusion criteria. For each study, the fol-
lowing relevant information was extracted: first author, 
publication time, study design, country, the number of 
COVID-19 patients, male percentage, the ratio of severe 
cases to total cases, the prevalence of obesity, BMI, mean 
or median age of patients, and outcomes. The poor com-
posite outcomes included severe COVID-19, need for 
ICU care, IMV, mortality, and disease progression. Dis-
ease progression was defined when the patient’s condition 
worsened in terms of at least two poor outcomes men-
tioned in the included studies. The diagnosis of COVID-
19 complied with the WHO interim guidance [25] and 
the guidelines of the COVID-19 Diagnosis and Treat-
ment Protocol (5th edition) by the National Health Com-
mission of the People’s Republic of China [26]. According 
to the COVID-19 Diagnosis and Treatment Protocol [26], 
mild cases were defined as moderate clinical symptoms 
absent of typical pneumonia changes on CT scan. Severe 
cases were diagnosed as follows: (a) respiratory distress 
with a respiratory frequency ≥ 30  breaths/min, (b) a 
pulse oximeter oxygen saturation ≤ 93% at rest, and (c) 
an oxygenation index (arterial partial pressure of oxygen/
inspired oxygen fraction,  PaO2/FiO2)  ≤ 300 mmHg. Crit-
ical cases were defined as (a) respiratory failure requir-
ing mechanical ventilation, (b) the occurrence of shock, 
and (c) functional failure of other organs and the need for 
ICU care.

Assessment of methodological quality and risk of bias
The Newcastle–Ottawa Scale (NOS) was used to assess 
the quality of the included articles [27] (Additional file 1: 
Table  S3). The NOS is a validated scale for non-rand-
omized studies in meta-analyses. The quality of studies 
was assessed in three domains: selection, comparability, 
and outcome/exposure. A study was considered of good 

quality if there were 3 or 4 stars in the selection domain, 
1 or 2 stars in the comparability domain, and 2 or 3 stars 
in the exposure/outcome domain. If a meta-analysis 
included more than three studies, the possible publica-
tion bias was assessed by a funnel plot, Egger’s test [28], 
and the trim-and-fill method [29]. Egger’s test P values 
greater than 0.05 indicated no obvious publication bias in 
this meta-analysis.

Statistical analysis
A meta-analysis was performed, with calculations of the 
mean difference (MD) and 95% confidence interval (95% 
CI) of the BMI of COVID-19 patients. Summary odds 
ratios (ORs) with 95% CIs were estimated for the asso-
ciation between obesity and poor composite outcomes 
of COVID-19. Data were assembled and analyzed by 
Review Manager (RevMan) Version 5.3 (The Nordic 
Cochrane Center, Copenhagen, Denmark) and Stata 15.0 
software. The results were performed with a fixed-effects 
model (Mantel–Haenszel method) or random-effects 
model in cases of significant heterogeneity among stud-
ies. Heterogeneity among studies was evaluated with the 
I2 statistic: 25%, 50%, and 75% represented low, moder-
ate, and high degrees of heterogeneity, respectively. The 
choice of a proper effect model was based on the analy-
sis results: if significant heterogeneity was not present 
(I2 ≤ 50%), we used a fixed-effects model to pool out-
comes; a random-effects model was utilized if I2 > 50%. 
If there was statistical heterogeneity, further sensitivity 
analyses were performed by excluding studies one by 
one. After the studies with significant clinical heteroge-
neity were excluded, the fixed-effects model was used for 
meta-analysis. If only the median and interquartile range 
(Q25, Q75) were reported, we used the method of Wan 
et al. [30] and McGrath et al. [31] to estimate the mean 
and standard deviation of the included studies. In the 
meta-analysis, we compared the risk of poor composite 
outcomes of COVID-19 patients with and without obe-
sity [including normal-weight and overweight individu-
als (WHO defines overweight as BMI from 25 to 30 kg/
m2, while in Asia, overweight is defined as BMI from 24.0 
to 27.9  kg/m2)]. Random-effects meta-regression was 
performed using restricted-maximum likelihood for pre-
specified variables, including age, hypertension, diabetes, 
cardiovascular disease, and chronic obstructive pulmo-
nary disease (COPD). Then, subgroup analyses were con-
ducted based on poor composite outcomes and mean age 
(≥ 60 and < 60 years). P < 0.05 was considered statistically 
significant.
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Results
Study selection
In the initial search, 1163 studies were found in differ-
ent databases; of these, 611 were unique records, and 
427 records were excluded after screening their titles 
and abstracts. We assessed the eligibility of 46 full-text 
papers, 5 of which did not report BMI or information 
about obesity, 12 did not divide groups by outcomes, 6 
did not have the full text available, and 1 had the same 
subjects as another article. Figure  1 shows the search 
details. After excluding these articles, 22 records with 
12,591 patients met our prespecified inclusion criteria 
and were included in the final analysis.

Description of studies
A summary of the characteristics of each study, includ-
ing the number of participants per study, country, male 
percentage, ratio of severe cases to total cases, prevalence 
of obesity, BMI, and poor composite outcomes, is pro-
vided in Table  1. Of the 22 studies that were published 
between March 2, 2020, and May 23, 2020, over half were 
from China (12 studies) (Table  1), including a total of 
12,591 patients, with sample sizes ranging from 16 [32] 
to 5279 [33]. The mean age of the patients varied from 
24.38 to 68.02 years (median 60.53 years; 22 studies). The 
proportion of male patients ranged from 33.33 to 75.00% 
(median 57.43%; 22 studies). The proportion of patients 
diagnosed with severe/critical COVID-19 varied from 
11.39 to 68.55% (median 28.35%; 22 studies). The propor-
tion of patients with obesity ranged from 4.02 to 68.18% 
(median 35.74%; 16 studies). Two publications were let-
ters [34, 35], and the remainder were journal articles. 
Nine studies used the WHO criteria to define obesity 
(Table 1) [15, 32, 33, 35–40].

The association of BMI with severe COVID‑19
The MD in BMI between COVID-19 patients with and 
without severe disease in the 11 studies [15–17, 34, 37, 
41–46] is shown in Fig.  2. In 9 of the studies, patients 
with severe COVID-19 displayed a higher BMI than 
those with milder forms (MD ranging between 1.10 and 
6.07 kg/m2) [15–17, 34, 37, 42–45], while in the remain-
ing two studies, BMI was found to be higher in patients 
with non-severe forms of COVID-19 (MD ranging 
between − 0.7 and − 2.35  kg/m2) [41, 46]. The pooled 
results of these 11 studies revealed that BMI was signifi-
cantly higher in patients with more severe COVID-19 
(random-effects model; MD 2.28  kg/m2, 95% CI [0.81 
to 3.75  kg/m2], P = 0.002) (Fig.  2a). The heterogene-
ity was high (I2 = 93%, P < 0.00001). Sensitivity analyses 
indicated that four independent studies by Auld et  al. 
[41], Zhang et  al. [16], Xiong et  al. [46], and Argenzi-
ano et  al. [37] were the main origins of heterogeneity. 

The heterogeneity weakened after the exclusion of 
these four studies (I2 = 30%; P = 0.20). No significant 
change was seen in the corresponding pooled OR (fixed-
effects model; MD 2.48 kg/m2, 95% CI [2.00 to 2.96 kg/
m2], P < 0.00001). The presence of publication bias was 
explored using funnel plot and Egger’s test, and no evi-
dence of publication bias was found among the included 
studies addressing the association between BMI and the 
severity of COVID-19 (P = 0.125). No evidence of publi-
cation bias was visualized in the funnel plot (Fig. 2b).

Pre‑existing obesity and the poor outcomes of COVID‑19
A total of 16 studies [15, 32–41, 43, 47–50] were included 
in the analysis to determine the effect of pre-existing obe-
sity on the poor composite outcomes of COVID-19. The 
pooled OR of obesity for the unfavourable outcomes of 
COVID-19 is summarized in Fig.  3a, which shows that 
the presence of obesity was associated with a 1.79 times 
higher risk of developing poor outcomes of COVID-19 
(random-effects model; OR = 1.79, 95% CI [1.36–2.35], 
P < 0.0001); however, the heterogeneity among the dif-
ferent studies was quite high (I2 = 78%, P < 0.00001). 
Sensitivity analysis by excluding studies one by one 
showed that the studies from Petrilli et  al. [33], Auld 
et  al. [41], Klang et  al. [36], and Huang et  al. [43] were 
the major sources of heterogeneity. After the elimination 
of these studies, the heterogeneity disappeared (I2 = 0%, 
P = 0.57), while the association remained significant, with 
an OR of 1.87 (fixed-effects model; 95% CI [1.55–2.26], 
P < 0.00001). Publication bias, as assessed by Egger’s 
test, showed evident publication bias (P for Egger’s test 
was 0.010). Then, we used the trim-and-fill method to 
estimate the number of missing studies and to calcu-
late a corrected OR as if these studies were present. The 
trim-and-filled method simulated 5 negative or unpub-
lished studies that were missing from the initial analysis 
(OR = 1.683, 95% CI [1.408–2.011]) (Fig. 3b).

Since the reported endpoints varied among the 
included studies, subgroup analyses were performed to 
determine the impact of obesity on different endpoints of 
COVID-19.

Severe COVID‑19
Subgroup meta-analysis showed that obesity was asso-
ciated with severe COVID-19. The pooled OR analy-
sis included a total of 431 patients, and 53 of 148 obese 
patients (35.81%) (Fig. 3a) had an increased risk of severe 
COVID-19, compared with 35 of 283 non-obese patients 
(12.37%) (fixed-effects model; OR = 4.17, 95% CI [2.32–
7.48], P < 0.00001; I2 = 0%, P = 0.58). Sensitivity analysis 
showed that the results were not affected by any individ-
ual study. Egger’s regression asymmetry test (P = 0.362) 
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and the funnel plot indicated no publication bias among 
these studies (Fig. 3c).

ICU care
Our exploratory secondary analyses suggested that 
obesity was associated with increased need for ICU 
intervention, as 132 of 372 obese patients (35.48%) had 

Fig. 1 Flow diagram of study selection process. COVID-19: coronavirus disease 2019
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a higher need for ICU services than 148 of 581 non-
obese COVID-19 patients (25.47%) (fixed-effects model; 
OR = 1.57, 95% CI [1.18–2.09], P = 0.002; I2 = 0%, 
P = 0.60) (Fig. 3a). Because only 2 studies were available 
for this pooled OR analysis, no sensitivity or trim-and-fill 
analyses were performed.

IMV use
The rate of mechanical lung ventilation in obese patients 
compared with non-obese patients was reported in two 
studies [15, 35] and included 504 COVID-19 patients. A 
total of 104 of 195 patients with obesity (53.33%) had an 
increased need for IMV support, compared with 110 of 
309 patients without obesity (35.60%) (random-effects 
model; OR = 2.13, 95% CI [1.10–4.14], P = 0.03; I2 = 54%, 
P = 0.14) (Fig. 3a). Neither of these two studies reported 
the duration of mechanical ventilation. Because only 
2 studies were available for this pooled OR analysis, no 
sensitivity or trim-and-fill analyses were performed.

Mortality rate
A total of three studies were included [36, 38, 41], with 
3856 COVID-19 cases. Patients with obesity demon-
strated a 30.85% (398/1290) mortality rate, compared 
to the mortality rate in patients without obesity, 33.05% 
(848/2566). However, the pooled OR showed that obe-
sity was not associated with mortality (random-effects 
model; OR = 0.89, 95% CI [0.32–2.51], P = 0.83; I2 = 81%, 
P = 0.005) (Fig.  3a). The results of a sensitivity analy-
sis indicated that none of the studies had a significant 
impact on the pooled estimate. The results of Egger’s test 
(P = 0.969) suggested no evidence for publication bias.

Disease progression
Pooling of the 5 studies [32, 33, 40, 49, 50] included in 
this meta-analysis resulted in a total of 5826 COVID-19 
patients, 2979 of whom (51.13%) experienced disease 
progression and 1136 (38.13%) with obesity. A total of 

1136 patients with obesity (57.64%) experienced disease 
progression, compared with 47.81% of non-obese patients 
(Fig.  3a). The pooled OR of obesity for the disease pro-
gression of COVID-19 suggested that the presence of 
obesity was associated with a higher risk of COVID-19 
disease progression (fixed-effects model; OR: 1.41, 95% 
CI [1.26–1.58], P < 0.00001). No heterogeneity was seen 
among the mentioned studies (I2 = 0%, P = 0.63). Sensi-
tivity analysis suggested that the results were not affected 
by any study. Publication bias was assessed by a funnel 
plot (Fig. 3d) and Egger’s test (P = 0.208), which showed 
no publication bias in the analysis.

Meta‑regression
Obesity is often intertwined with several chronic com-
plications, such as hypertension, diabetes, and cardio-
vascular disease. To assess the influence of covariates, 
restricted-maximum likelihood random effects meta-
regression was performed for age, diabetes, hyperten-
sion, cardiovascular disease, and COPD. Meta-regression 
analysis showed that the association between obesity 
and increased poor composite outcomes was affected by 
age (P = 0.026) (Fig.  4a) but not by diabetes (P = 0.249) 
(Fig.  4b), cardiovascular disease (P = 0.188) (Fig.  4c), 
hypertension (P = 0.240) (Fig.  4d), or COPD (P = 0.290) 
(Fig. 4e).

Subgroup analyses: age
Next, we performed subgroup analysis based on age. 
We found that the younger group (mean age < 60  years) 
and the older group (mean age ≥ 60 years) differed with 
respect to the association between obesity and the risk 
of poor composite outcomes. Specifically, the younger 
group had a strong positive association between obe-
sity and the poor composite outcomes of COVID-19 
(random-effects model; OR = 2.86, 95% CI [1.55–5.28], 
P = 0.0008) (Fig.  5a). Heterogeneity among the included 
studies was severe (I2 = 72%, P = 0.003). Sensitivity 

Fig. 2 a Forest plot of MD in BMI between COVID-19 patients with and without severe disease. b Funnel plot of the included studies addressing the 
association between BMI and the severity of COVID-19. MD mean difference
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analysis showed that the study by Petrilli et al. [33] mate-
rially changed the between-study heterogeneities. After 
excluding the mentioned study, the heterogeneity dis-
appeared (I2 = 0%, P = 0.42), and the association was 
still significant (fixed-effects model; OR = 3.30, 95% CI 
[2.13–5.10], P < 0.00001). Publication bias, assessed by a 
funnel plot (Fig. 5b) and Egger’s test (P = 0.140), showed 
no publication bias among the studies. The associa-
tion became weaker in the older group (random-effects 

model; OR = 1.52, 95% CI [1.05–2.19], P = 0.03; I2 = 75%, 
P < 0.0001) (Fig.  5a). A sensitivity analysis showed that 
the studies by Klang et  al. [36] and Auld et  al. [41] had 
higher heterogeneity than the remaining studies. After 
excluding the two studies, the heterogeneity disappeared 
(I2 = 0%, P = 0.74), and the effect of obesity on the poor 
composite outcomes of older COVID-19 patients was 
still significant, with an OR of 1.72 (fixed-effects model; 
95% CI [1.40–2.11], P < 0.00001). The funnel plot showed 

Fig. 3 Obesity and poor composite outcomes. a Forest plot showed that obesity was associated with an increased risk of composite poor 
outcomes and its subgroup, which comprised severe COVID-19, need for ICU care, need for IMV, and disease progression in patients with COVID-19. 
b Filled funnel plot for obesity and the composite poor outcomes of COVID-19. c Funnel plot for obesity and severe COVID-19. d Funnel plot for 
obesity and COVID-19 progression. ICU intensive care unit, IMV invasive mechanical ventilation
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a symmetrical shape for poor outcomes (Fig.  5c), and 
the P for Egger’s test was 0.178. The association between 
obesity and poor composite outcomes in COVID-19 was 
greater in younger people.

Discussion
This systematic review and meta-analysis of 22 stud-
ies showed that obesity was associated with poor prog-
nosis for SARS-CoV-2 infection that comprised severe 
COVID-19, ICU care, IMV use, and disease progression, 
especially among younger patients (OR 3.30 vs. 1.72). 
However, our meta-analysis did not find an associa-
tion between obesity and hospital mortality. This result 
might partially be due to the extremely low proportion 
of deaths among COVID-19 cases with obesity in the 
studies we analysed. For example, a study by Auld et al. 
[41] reported only 1 death out of 21 cases with obesity. 
Meta-regression showed that the association between 
obesity and poor outcomes was influenced by age. Age 
was inversely proportional to the effect of obesity on 
poor outcomes. In other words, the estimated effects of 
obesity were lower in older patients. Subgroup analysis 
further demonstrated the vast difference in OR. The asso-
ciation between obesity and poor composite outcomes in 
COVID-19 was stronger in younger people. Interestingly, 
the effects of obesity on COVID-19 were independent of 

obesity-related comorbidities, such as diabetes, hyper-
tension, and cardiovascular disease. Recently, Klang 
et al. [36] also found that obesity was a risk factor for the 
progression of COVID-19 independent of diabetes and 
cardiovascular disease. This suggests a significant patho-
physiological link between excess adiposity and severe 
COVID-19 illness.

Our results on BMI and the severity of COVID-19 were 
similar to those of recent studies that have elucidated that 
BMI was significantly higher in patients with a severe 
form of COVID-19. Liu et al. [44] reported that BMI in 
severe patients was prominently higher than that in mild 
patients [27.0 ± 2.5 (critical group) vs. 22.0 ± 1.3 (general 
group), P < 0.001]. Peng et al. [17] conducted a retrospec-
tive analysis of 112 COVID-19 patients in Wuhan and 
found that the BMI of the ICU group was significantly 
higher than that of the general hospital admission group. 
After adjusting for confounding factors, each 1-unit 
increase in BMI was related to a 12% increase in the risk 
of severe COVID-19 [48]. Compared with the results of 
the mentioned studies, the pooled results of 11 selected 
studies revealed that BMI was also significantly higher in 
patients with severe COVID-19. Therefore, higher BMI 
was more common in severe or critical cases.

An increased risk of severe COVID-19 and a higher 
demand for ICU care were observed in patients with 

Fig. 4 Bubble-plot for meta-regression. Meta-regression analysis showed that the association between obesity and composite poor outcome was 
affected by age (a) but not by diabetes (b), cardiovascular disease (c), hypertension (d), or COPD (e). COPD chronic obstructive pulmonary disease. 
Circles in the picture indicate studies. The red lines indicate fitted meta-regression line
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obesity. Obese patients had a 1.41 times higher risk 
of experiencing disease progression. In line with con-
clusions by Gao et  al. [48] after adjusting for several 
confounders, obesity tripled the risk of COVID-19 wors-
ening. Findings from our meta-analysis were also consist-
ent with earlier studies on viruses such as H1N1. Several 
retrospective studies found that obesity increased the risk 
of H1N1-related hospitalization, the usage of IMV, and 

the death rate [51]. Possible mechanisms underlying obe-
sity and the severity of H1N1 are relatively comprehen-
sive. Adipose tissue acts not only as a metabolic reserve 
but also as an endocrine organ that induces chronic 
low-grade inflammation, characterized by elevated lev-
els of proinflammatory cytokines such as leptin, inter-
leukin (IL)-1, IL-6, IL-8, and TNF-α and decreased levels 
of anti-inflammatory cytokines such as adiponectin and 

Fig. 5 a Subgroup analyses based on age groups suggested that the association between obesity and poor composite outcomes was stronger 
in patients with a mean age < 60 years. b Funnel plot for obesity and composite poor outcomes of younger COVID-19 patients. c Funnel plot for 
obesity and composite poor outcomes of older COVID-19 patients
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IL-10 [52]. The constant low-grade inflammation induced 
by obesity results in T cell exhaustion, which impairs the 
immune response and the ability to eradicate virus from 
the host [53, 54]. Another crucial aspect of obesity is 
activity deficiency, which could also impair immune cell 
activation [55]. These results were confirmed with the use 
of animal models that showed that high-fat diet-induced 
obese (DIO) mice and leptin-deficient (OB) mice had 
evident lung damage, pulmonary oedema, inflammatory 
response, and immunopathology changes compared to 
wild-type (WT) mice infected with H1N1 [56]. Similarly, 
Zhang et al. [57] proposed heightened proinflammatory 
cytokines and severe pulmonary damage in DIO mice 
with H1N1 infection; in addition, evident leptin resist-
ance in DIO mice impaired B cell maturation and func-
tion. Although the link between obesity and COVID-19 
severity has not yet been established, several virological 
and physiological mechanisms that might explain the 
role of obesity in the pathogenesis of the disease have 
been suggested. Specifically, for COVID-19 patients, 
the SARS-CoV-2 spike protein has an increased affinity 
for human ACE2 compared with other mammals [58]. 
ACE2 is highly expressed in adipose tissue [59]. After 
infecting host cells, serine proteases such as TMPRSS2 
mediate the cleavage of the spike and facilitate viral 
entry into the cells through endosomes. The virus itself 
causes increased apoptosis of lymphocytes, and impaired 
function of lymphocytes results in a fulminant cytokine 
storm, which is characterized by excessive circulating 
levels of IL-6, IL-2, IL-7, TNFα and so on [60]. IL-6, for 
example, is elevated in obese COVID-19 patients and has 
been suggested to be a key proinflammatory factor that 
triggers the inflammatory storm [61]. In line with this, the 
IL-6 blocker tocilizumab has been proposed as a treat-
ment in COVID-19 and could increase the lymphocyte 
blood count of COVID-19 patients [62]. Adaptive immu-
nity is also disrupted in obesity, with a sharply decrease 
in anti-inflammatory CD4+ and CD8+ cells and an 
increased percentage of proinflammatory immune cells 
such as Th17 and Th22 cells [62]. Additionally, because 
of the large volume of adipose tissue, the population with 
obesity had a significantly large amount of ACE2 and 
was inclined to host and stock a huge amount of virus, 
which resulted in increased viral shedding, immune inac-
tivation, and cytokine storm [63]. In brief, the mentioned 
unfavourable chronic inflammation, dysfunction of the 
immune system, and higher ACE2 concentration in adi-
pose tissue might partly explain the high risk of poor 
outcomes in obese COVID-19 patients. However, a more 
accurate understanding of the underlying mechanisms is 
needed.

Interestingly, the effect estimated for subgroup analy-
sis of age ≥ 60 and < 60  years differed significantly, and 

obesity had a stronger impact on the younger group 
than on the older group (OR 3.30 vs. 1.72). The results 
were entirely consistent with the latest three studies, 
which both indicated that younger patients with obesity 
were crucial high-risk populations [16, 36, 64]. Lighter 
et  al. [64] divided COVID-19 patients into two groups, 
a younger group (less than 60 years) and an older group 
(more than 60  years), and suggested that obesity was 
associated with disease progression only in the younger 
group. Zhang et  al. and Klang et  al. [16, 36] found that 
obesity was a risk factor for mortality in young patients. 
In a cross-sectional study conducted by Bhasin et al. [65], 
patients less than 50  years infected with SARS-CoV-2 
had a higher mean BMI, and BMI appeared to decrease 
with increasing age among COVID-19 patients, which 
is consistent with Kass’s study [9]. The results suggested 
that obesity might be particularly important among 
younger COVID-19 patients. Reasons for this associa-
tion are undefined. The findings of Deng et al. [66] sug-
gested that visceral adiposity, such as liver fat deposition, 
epicardial adipose tissue, and perirenal fat accumulation, 
can predict the risk of young obese patients with severe 
COVID-19. Visceral fat accumulation can contribute to 
insulin resistance and hyperglycaemia, all measurable 
predictors of COVID-19 complications [67]. In addition, 
at a younger age, obesity-related sleep apnoea might be 
a risk factor for the progression of COVID-19 through 
atelectatic burden and hypoxemia [65]. Specifically, 
elderly patients were more likely to have hypertension 
and cardiovascular disease. However, patients with these 
comorbidities are likely to be treated with angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin 
receptor blockers (ARBs). A meta-analysis of 12 stud-
ies indicated that a lower risk of mortality was observed 
among COVID-19 patients who were taking ACEIs/
ARBs for the treatment of hypertension [68]. To some 
extent, ACEIs/ARBs treatment may alleviate the pro-
gression of COVID-19 in the older group. Further epi-
demiological and mechanistic studies to clarify the poor 
outcomes of younger obese patients are needed. Much 
attention has been given to elderly patients with multi-
ple comorbidities, but from the above evidence, younger 
patients with obesity should be considered a higher risk 
group for COVID-19. Reducing the threshold for SARS-
CoV-2 testing and greater alertness should be maintained 
in this at-risk population.

Importantly, the need for IMV increased in obese 
patients. Pulmonary function studies have concluded 
that structural changes in the thoracic-abdominal region 
in patients with obesity limit the mobility of the dia-
phragm, which is essential for adequate pulmonary func-
tion [69]. Obesity-related impaired lung function could 
partly explain why obese COVID-19 patients more often 
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need IMV. COVID-19 patients with severe obesity pre-
sent evident management challenges with regard to ven-
tilation support [70].

Nevertheless, we noticed no significant difference in 
mortality, which seemed to be paradoxical and unac-
countable. The effect of obesity on the mortality of ARDS 
was controversial in previous studies [20, 71, 72]. An 
obesity survival paradox has been observed in patients 
with pneumonia. That is, despite the increased risk of 
pneumonia and difficulties of IMV, the risk of death in 
patients with obesity and pneumonia might be decreased 
[73]. Several pathophysiological mechanisms might par-
tially explain the possible association between obesity 
and lower hospital mortality of severe illness, including 
higher serum levels of cholesterol binding endotoxin and 
excess energy stored in adipose tissues [73, 74] or other 
unidentified factors. However, the evident heterogeneity 
among the three included studies that involved informa-
tion about the mortality of COVID-19 patients in our 
systematic review and meta-analysis might lead to the 
unaccountable results. Moreover, one of the three stud-
ies included only reported ICU mortality, which may lead 
to an underestimation of mortality, because the patients 
may have died in the general ward after leaving the ICU 
or might have been readmitted to the ICU and died dur-
ing this process. Whether the obesity paradox has been 
broken by COVID-19 could not be confirmed. These 
conflicting findings still need larger studies, in particular, 
prospective studies designed to analyze BMI and other 
clinical information in all patients, to further determine 
the precise roles of obesity in mortality of patients with 
COVID-19.

Limitations
Several limitations also exist in our study: (a) one major 
drawback that merits consideration is the inherent high 
heterogeneity across studies. The definitions of obesity 
varied (BMI from 28 to 30  kg/m2). Additionally, impre-
cise measurements of BMI (which often were estima-
tions or from patient-reported data). In addition, the 
study designs were different. Additionally, there was large 
variation in the sample size among studies (16 to 5279). 
(b) Our study did not have sufficient data for subgroup 
analysis of normal weight and overweight, since most 
included studies mainly focused on obese and non-obese 
individuals, which might ignore the effect of overweight 
on poor outcomes of COVID-19 patients. (c) Several 
studies were preprints.

Conclusions
In summary, our systematic review and meta-analysis 
assessed the effect of obesity on the severity of COVID-
19 and suggested that obesity was strongly associated 

with poor composite outcomes of COVID-19, includ-
ing an increased need for ICU care and IMV support, a 
higher risk of severe COVID-19, and disease progression. 
Younger patients with high BMI seemed to be at particu-
larly high risk, and this population should be treated with 
increased precaution, priority in detection and testing, 
and aggressive therapy. These results are of great impor-
tance and may be helpful for public health strategy-
making, especially in some countries affected by a high 
morbidity of obesity. Obesity might not be associated 
with hospital mortality in COVID-19 patients. Efforts 
to understand the impact of obesity on the mortality of 
COVID-19 patients should be a research priority in the 
future.
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