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Abstract
Objectives: Study bidirectional relationships between weight gain, obesity and COVID-19 infection risk during the
pandemic.

Methods: MEDLINE, Embase, MedRxiv, and WHO COVID-19 Database were searched till June 2, 2020. Newspaper and
internet article sources were identi�ed using a media database. Meta-analysis was conducted using random- and �xed
effect models.

Results: Ten studies published from 5 countries met inclusion criteria; �ve studies (provided 17 analyses/types of
results) were included in meta-analysis. The studies suggested bidirectional relationships and some dose-response
relationships. Meta-analysis showed obesity was associated with increased COVID-19 infection risk (Odds ratio,
OR=1.69, 95% CI: 1.41, 2.02). COVID-19 risk increased with obesity (OR=1.43 (1.18, 1.73)) and severe obesity (OR=1.96
(1.49, 2.59)). Obesity was positively associated with COVID-19 mortality (OR=1.64, 95% CI: 1.20, 2.25) and its severity:
admission to intensive care unit (ICU) (OR=2.01 (1.25, 3.23)), and invasive mechanical ventilation (IMV) use (OR=8.20
(2.10, 31.91)). We also observed a stronger association in younger age groups (β=-0.29 (-0.47 to -0.10)).

Conclusions: Obesity was positively associated with higher COVID-19 infection risk, severity, and mortality. Appropriate
treatment of COVID-19 patients with obesity and weight management are warranted.

Introduction
As of  early June 2020, the SARS-CoV-2 (COVID-19) pandemic has become a global emergency of unprecedented
proportions with more than 6.9 million con�rmed cases and over 400,000 deaths globally (1). In response to this
pandemic, governments are implementing widespread measures to reduce the spread of the disease including
quarantine, isolation, social distancing and bans on travel, both domestically and internationally (2, 3). Such measures
have affected people’s daily life including their eating and physical activity, and thus may affect their body weight as
well.

Some initial reports from multiple countries have highlighted obesity amongst COVID-19 infected patients and
particularly in more severe cases that were admitted to intensive care units (ICU) (4, 5). Some research suggests that in
populations with obesity, more severe degree of obesity classi�cation as de�ned by body mass index (BMI) ≥35
kg/m2) was associated with even more serious prevalence of the disease (6), and obesity was associated with greater
mortality (7). The US Centers for Disease Control and Prevention (CDC) has suggested that individuals with obesity and
conditions which are associated with obesity, are amongst those at greatest risk from COVID-19 (8).

However, the link between obesity and COVID-19 infection are poorly understood, not systematically studied yet.
Therefore, a comprehensive review will help shed light on this link by systematically reviewing all the accessible studies
in order to provide more clarity to the currently available body of scienti�c evidence.

Obesity has become a global public health crisis, and the prevalence was nearly tripled between 1975 and 2016 (9, 10,
11). As of 2016, the World Health Organization estimated that over 650 million people globally suffered with obesity
indicating that a signi�cant proportion of the population are at elevated risk of COVID-19 complications and mortality
(12). This obesity problem is potentially exacerbated by the many measures being used to �ght COVID-19, which
increase risk for development of obesity. Increased time spent at home, highlighted by mobile phone tracking reports
(13), may contribute to reductions in physical activity while increased levels of stress and anxiety brought on by
quarantine (14, 15, 16) may result in unhealthy food choices leading to the overconsumption of hyperpalatable and
energy dense convenience foods  (17).
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This study reviewed research on the role obesity plays in susceptibility to COVID-19 and the risk of developing more
severe, life-threatening symptoms. We also examined the evidence for the increased risk of weight-gain and subsequent
development of obesity during the COVID-19 pandemic. This body of knowledge will aid health care practitioners in
deciding whether the use of greater vigilance, and tailoring their testing and treatment practices to individuals with
obesity is warranted for better outcomes and reductions in mortality. Information on the role of obesity in COVID-19
progression may also help the public and government agencies in determining whether engaging in activities that can
result in lower adiposity or prevent the progression of obesity are likely to result in reduced risk of COVID-19 infection
and/or more severe disease symptoms.

Methods And Materials
1. Study design and data collection

This systematic review was conducted in accordance with the Preferred Reporting in Systematic Reviews and Meta-
Analyses guidelines. MEDLINE (via PubMed), Embase, MedRxiv, and WHO COVID-19 Databases were searched from 1st

April, 2020 through 2nd June, 2020. Newspaper and internet article sources were identi�ed using a media database
called Nexis (https://www.lexisnexis.com/en-us/products/nexis.page). The key search terms we used included
‘coronavirus OR Severe acute respiratory syndrome OR covid-19 OR nCoV OR COVID OR SARS OR MERS OR middle
east respiratory syndrome) AND (Obesity OR BMI OR body mass index OR weight OR overweight.’

To account for papers not yet indexed in databases, we also hand searched COVID-19 resource centers from the
following journals and publishers, by manually trawling the collections for relevant titles: BMJ; Cambridge University
Press; Elsevier; JAMA Network; The Lancet; New England Journal of Medicine; Oxford University Press; PLOS; Springer
Nature; SSRN (reprints); Wiley. There was no restriction on publication type. This search was complemented by an
exhaustive review of the bibliography of key articles. Results were restricted to English language articles. All retrieved
studies were exported into EndNote to remove duplicates.

2. Study/report inclusion and exclusion criteria

All reported studies that reported results on the association between obesity and COVID-19 were included. In addition,
the inclusion criteria incorporated entire comprehensive methodological study designs worldwide. We excluded articles
that exclusively reported data on other respiratory viruses that did not relate to the COVID-19 clinical or epidemiological
aspects, and those not written in English. We excluded editorials, correspondence letters, reviews, qualitative studies,
theses, and non-full text articles.

Based on PRISMA guidelines, a �ow chart was produced to facilitate transparency of the process (Figure 1). In total, 10
studies met our inclusion criteria and were included in this report. Of them, �ve studies provided adequate data and
were included in meta-analysis.

3. Data extraction

Two authors independently assessed (screened titles and abstracts, reviewed full reports) the articles for inclusion and
exclusion criteria and extracted data, with a third author resolving any differences. The reference lists from all identi�ed
studies and reviews were scrutinized for eligible articles. The data extraction was independently checked by the senior
author.

The following data were retrieved from each study: country/setting, study sample size, age (mean or range), % of male
participants, main �ndings relating to the association of obesity with outcomes (e.g. Odds ratio, OR), and other
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information of importance, such as BMI cut-offs used for classifying body weight status including obesity.  In addition,
in studies related to people’s weight gain and obesity related behaviors the following baseline data were gathered from
each study: main �ndings on weight gain and eating habits and physical activity.

4. Statistical analysis

Meta-analysis was performed using �ndings from �ve studies, which provided needed information to estimate the
pooled effects on the associations between COVID-19 and obesity. The OR and 95% con�dence interval (CI) were used
to determine the associations between COVID-19 and obesity. Study heterogeneity was assessed using the I2 index.
The level of heterogeneity represented by I2 was interpreted as small (I2 ≤ 25%), moderate (25% < I2 ≤ 50%), substantial
(50% < I2 ≤ 75%), or considerable (I2 > 75%). In our meta-analysis, a �xed-effect model was estimated when modest to
moderate heterogeneity was present, and a random-effects model was estimated when substantial to considerable
heterogeneity was present.  Additionally, meta-regression analyses were performed in order to determine whether
subjects’ age (in years), and gender (male) could be related with the associations between COVID-19 and obesity.

To investigate potential sources of heterogeneity, subgroup analyses were performed based on categorical variables
including country, study design, obesity classi�cation and the severity of COVID-19. In this review, obesity classi�cation
based on BMI was de�ned as: 1) obesity; 2) severe obesity. The severity of COVID-19 was classi�ed as: 1) COVID-19
admission; 2) ICU admission; 3) IMV use; 4) acute care admission; and 5) death by COVID-19.

A pre-speci�ed sensitivity analysis was conducted to investigate the in�uence of a single study on the overall pool
estimate by omitting one study in each turn. Publication bias was assessed by visual inspection of the funnel plot and
Begg’s and Egger’s tests.

All statistical analyses were conducted using the Stata software version 14 (Stata Corp., College Station, Texas, USA).
All analyses used two-sided tests, and p-values 0.05 were considered statistically signi�cant.

Results
1. Characteristics of the included studies

The characteristics of the 10 included studies are summarized in Table 1. These studies were published in the months
of April and May 2020 from 5 countries, including China (2 studies), France (2 studies), Italy (1 study), the United
Kingdom (3 studies), and the United States (2 studies). The sample size of these studies varied greatly, ranging from 41
to 17,425,445.  Nine studies focused speci�cally on COVID-19 and obesity, and one study investigated obesity related
behaviors (e.g., eating and physical activity).

The study design and populations were diverse. There were 8 cohort studies, 1 cross-sectional study and 1 case report.
These studies included retrospective analysis of primary care electronic health records in the general population (1
study), retrospective analysis of cohorts of COVID-19 patients (5 studies), and prospective observational cohort studies
(3 studies). The duration of data collected from these studies ranged from 1 week (2 studies), to 3 weeks (3 studies), 4
weeks (1 study), 6 weeks (1 study), 10 weeks (1 study) and 12 weeks (1 study). Some studies only included adults
while others incorporated children. Subjects’ ages ranged from 0 to 104 years. 

Only one study examined the in�uence of COVID-19 on obesity-related behaviors. This was a longitudinal observational
study in Italy with 41 children. It reported changes in eating, physical activity and inactivity behaviors.

2. Effect of obesity on COVID-19 infection risks
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Nine studies provided results regarding the association between obesity and COVID-19 infection and severity risks.
Three studies reported that obesity was more prevalent amongst COVID-19 infected patients. In a retrospective cohort
study of SARS-CoV-2 con�rmed patients, compared with a non-SARS-CoV-2-infected patient control group, Simonnet et
al (4) observed that obesity (BMI 30-34.9kg/m2) and severe obesity (BMI ≥35 kg/m2) were signi�cantly more frequent
among COVID-19 infected patients than controls (47.6% vs 25.2% and 28.2% vs 10.8%, respectively). Williamson et al
(18) used data from over 17 million UK National Health Service primary care records and observed that the incidence of
COVID-19 advanced with increasing severity of obesity. They reported a dose-response relationship between degree of
obesity and COVID-19 infection risk. Assuming non-obese individuals had a hazard ratio (HR) of 1.00, the fully adjusted
HRs for obesity class I (BMI 30-34.9kg/m2), obesity class II (BMI 35-39.9kg/m2) and obesity class III (BMI ≥40 kg/m2)
were 1.27, 1.56 and 2.27, respectively. An intensive care admissions report of con�rmed COVID-19 cases from the
Intensive Care National Audit and Research Centre (19) showed the majority of ICU admissions (71.7%) also suffered
from overweight or obesity. Speci�cally, 31.6% of ICU admissions had overweight (BMI 25-29.9kg/m2), 32.8% had
moderate obesity (BMI 30-39.9kg/m2) and 7.3% had severe obesity (BMI ≥40 kg/m2).

Six studies from different countries reported on the association between obesity and severity of COVID-19 infection
based on varying criteria such as admission to acute or critical care such as ICU or requirement for IMV. Overall, they
suggested a positive assocatoin. In a study of 291 French patients admitted to ICU for SARS-CoV-2, Caussy et al (20)
observed a doubled risk of requirement for IMV in severe obese- (BMI ≥35 kg/m2) compared to lean patients (81.8%
versus 41.9%). In a retrospective analysis of COVID-19 hospitalized patients in Wuhan, China, Hu et al (21) observed
that while obesity (BMI ≥30 kg/m2) was not associated with diagnosis of disease severity (p=0.522), it was
signi�cantly associated with unfavorable clinical outcomes (OR=3.6, p=0.009). In a retrospective cohort study of 103
US patients admitted for COVID-19, Kalligeros et al (6) observed that obesity was associated with the severity of COVID-
19 presentation. Severe obesity was associated with admission to ICU (adjusted OR=5.39) while obesity and severe
obesity were associated with the need for IMV (adjusted OR=6.85 and 9.99, respectively). Similarly, Lighter et al (5)
performed a retrospective analysis of COVID-19 patients in a New York hospital and found that in those under 60 years
old, patients with obesity (BMI 30-34.9kg/m2) and severe obesity (BMI 35-39.9kg/m2) had a greater risk of admission
to acute care (OR 2.0 and 2.2, respectively) and admission to ICU (OR 1.8 and 3.6, respectively). A similar trend was
also observed in a French cohort (4) as its multivariate regression analysis showed OR for requirement for IMV was
7.36 in patients with BMI ≥35 kg/m2 compared with those with BMI <25 kg/m2 (p=0.021). Another study from China of
patients with metabolic associated fatty liver disease (22) reported a signi�cant association between
overweight/obesity (BMI ≥25 kg/m2) and COVID-19 severity even after adjusting for age, sex, smoking, diabetes,
hypertension, and dyslipidemia (adjusted OR=6.32, p=0.033).

One study reported the association between obesity and COVID-19 mortality. Data from about 17,000 COVID-19
patients in the UK showed that any form of obesity (as de�ned by hospital staff) was associated with a 37% greater
risk of COVID-19 mortality (HR=1.37). (7) Note that in the study from China, Hu et al (21) included death, along with
progression to more severe disease presentation, in their criteria they found unfavorable outcomes, indicating mortality
data alone was insu�cient from this study.

2. Effect of COVID-19 on obesity-related behaviors

Only one published study investigated the effect of COVID-19 on obesity-related behaviors such as eating and physical
activity. A longitudinal study of lifestyle factors involving 41 children and adolescents with obesity was based in
Verona, Italy. Compared with previous data, lockdown was associated with an increase in number of meals a day
(+1.15), an increase in number of servings of potato chips, red meat and sugary drinks (+0.54, 1.66 and 0.5,
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respectively), an increase in screen time and sleep time (+4.85 hours and +0.65 hours, respectively) and a decrease in
time dedicated to sports (-2.3 hours/week). Therefore, more research on this topic is needed.

3. Meta-analysis of the associations between COVID-19 and obesity

 Figure 2 and Table 2 show that �ve studies (which provided 17 analyses and types of results) were included in the
meta-analysis. The overall pooled analysis showed that obesity was associated with increased risk of COVID-19
infection (OR=1.69, 95% CI: 1.41, 2.02), and with large heterogeneity (I2= 87.3%, χ2=126.48, p< 0.001). The ORs reported
by the individual studies ranged from 0.90 to 9.99.

Our subgroup analyses showed between-country differences in the associations between obesity prevalence and
COVID-19 (Table 2): in the US (OR=1.80, 95% CI: 1.32, 2.46), the UK (OR=1.57, 95% CI: 1.23, 2.02), and China (where
national obesity/overweight prevalence was much lower than that in the US and the UK) (OR=6.32, 95% CI: 1.16, 34.48).
When strati�ed by study design, obese/overweight people had 1.66 times higher risk of getting COVID-19 infection than
those non-overweight (OR=1.66, 95% CI: 1.39, 1.99) in cohort studies. In contrast, in a cross-sectional study, the reported
OR for obese patients was 6.32 (95% CI: 1.16, 34.48). When strati�ed by obesity classi�cations, obesity (OR=1.43, 95%
CI: 1.18, 1.73) and severe obesity (OR=1.96, 95% CI: 1.49, 2.59) were positively associated with COVID-19 risk, and
obesity was positively associated with COVID-19 mortality (OR=1.64, 95% CI: 1.20, 2.25) and its severity: ICU (OR=2.01,
95% CI: 1.25, 3.23), and IMV use (OR=8.20, 95% CI: 2.10, 31.91).

Meta-regression analysis indicated that age affected the association between obesity and COVID-19 infection (β=-0.29;
95%: -0.47 to -0.10), but not gender (Table 3).

4. Sensitivity analysis and assessment of publication bias

The sensitivity analysis consistently showed that removing individual studies from the meta-analysis did not change
the association estimate (Supplemental Table 1). The funnel plot and assessment of Egger’s and Begg’s tests did not
reveal any signi�cant publication bias in the association (Egger P=0.148; Begg P=0.343) (Figure 3).

Discussion
We systematically investigated the relationship between obesity and COVID-19 infection risk and severity. This included
an examination of the risk of weight-gain and subsequent development of obesity due to government mandated
containment measures. The results indicated that obesity and in particular, severe obesity are consistently and
signi�cantly associated with elevated risk of COVID-19 (our meta-analysis showed that OR=1.43 and 1.96,
respectively). Obesity was also associated with an increased risk of developing more severe COVID-19 symptomology,
such as admission to acute care, admission to ICU (OR=2.01), use of IMV (OR=8.20), and mortality (OR=1.64). Meta-
regression also revealed that age was an important mediating factor and negatively associated with the association
between COVID-19 and obesity. The association was stronger in younger people. Given the high prevalence of
overweight and obesity globally, these results indicate that a large proportion of the world population may be at an
increased risk of COVID-19 complications and mortality (12).

To prevent the spread of COVID-19, the unprecedented response of global governments has included measures such as
quarantine, isolation, social distancing and travel bans (2, 3) which may result in an extended period of time spent in
one’s home. Such time in quarantine is known to result in negative emotions such as fear, nervousness and sadness
(23) and eating is a known coping mechanism for dealing with stress and negative emotions (24, 25). Thus, this
increased likelihood of stress eating, combined with potentially increased use of hyperpalatable, calorie-dense ultra-
processed foods (26, 27, 28) which may be preferentially purchased in times of anticipated food emergency (29), may
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lead to overeating, body fat gain and the further development of obesity in the population. Indeed some of these
obesity-promoting behaviors (increased consumption of UPFs, increased screen time and reduced physical activity)
were observed in only one study to document such behaviors during a COVID-19 lockdown scenario (30). However, very
limited research has reported about the impact of such measures on obesity-related behaviors such as eating and
physical activity.

It is worth noting that the meta-regression revealed that age is a moderator in the association between obesity and
COVID-19, which means the association of obesity and COVID-19 was greater in younger age groups. Compared with
the elderly, younger people were unlikely to have diabetes, stroke and other chronic diseases, and are general
considered a lower-risk group for COVID-19. Nevertheless, some studies and reports have pointed to obesity being a
notable risk for COVID-19, especially among younger patients (5, 31). 

The proposed mechanism by which obesity may augment the risks of COVID-19 infection and severity is yet to be
elucidated, but may be multifaceted. Physically, those with obesity carry excess adipose tissue and in particular,
central/abdominal distribution of this adipose tissue can make breathing more di�cult, resulting in less oxygen from
respiration entering the blood (32). It is known that SARS-CoV-2 gains cellular entry via the angiotensin converting
enzyme 2 (ACE2) receptor (33). Highman et al observed increased ACE2 expression in the bronchial epithelium of
chronic obstructive pulmonary disease (COPD) patients who are overweight compared to those not overweight, which
may be a route for increased SARS-CoV-2 infection of the respiratory tract (34). Obesity patients are known to have
chronically higher leptin (and lower adiponectin) concentrations resulting in an unfavorable, pro-in�ammatory
hormonal milieu which may lead to a dysregulation of the immune response and lead to obesity-linked complications
in COVID-19 (35). Similarly, those with obesity typically have chronically elevated levels of pro-in�ammatory cytokines,
such as Tumor Necrosis Factor- alpha, Monocyte Chemoattractant Protein-1 and Interleukin-6, which can contribute to
defective innate immunity (36). Lower levels of physical activity, which may be more likely observed in individuals with
obesity, may also contribute to increased risk as regular physical activity improves immune function (37).

The implications of these results are signi�cant for the general population. One also needs recognize that those with
obesity may suffer from the additional burden of weight bias and stigma (38). During this COVID-19 pandemic, the
acknowledgment of obesity as a risk factor for COVID-19 might led to fat-shaming amongst the general public and, in
particular, on social media. Therefore, efforts need be made to prevent weight stigma. The ultimate risk of such weight
stigma is that those with obesity may avoid healthcare services even when suffering symptoms of COVID-19, which
may lead to a worsening of their condition and predisposing them to other chronic diseases, and post risks to others.

Obesity is considered a top public health concern, and the prevalence was nearly tripled from 1975 to 2016 (9, 10, 11).
In 2016, 39% of adults worldwide were overweight, and 13% were obese (12). In addition to obesity-related many other
non-communicable chronic diseases, our study indicated that having obesity will increase the risk of contracting
COVID-19, its severity and mortality.  Thus, countries like the US where the prevalence of overweight and obesity has
reached nearly 70% and the reported COVID-19 cases are greater than 1.1 million, government agencies and health care
professionals need to take extra effort to encourage their citizens with overweight/obesity issues to take extra
precautions against COVID-19.

Our �ndings also support the importance of the ongoing efforts worldwide in �ghting the global obesity epidemic.
There are major concerns that the obesity epidemic will become worse with the many dramatic changes in people’s
daily life, including reduced physical activity and over-consumption of unhealthy food and reduced consumption of
fresh vegetables and fruits. Many sectors in the society need pay attention on such issues while they are taking efforts
to �ght COVID-19 and save lives.
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Regarding the limitations of the individual studies used in this review, many of the studies included in this article were
single-center studies which increases the likelihood of admission bias and selection bias between studies. Furthermore,
due to the urgent nature of the pandemic many of the included studies did not clarify their inclusion criteria, nor did
they provide speci�c details on the severity of disease presentation. In addition, some of the included studies were
retrospective studies, therefore the in�uence of other confounding factors cannot be ruled out. Finally, the
heterogeneous nature of the reported studies must be noted. Further, investigation is required to determine the impact
of body composition (adipose tissue/fat-free mass/muscle) on clinically relevant outcomes such as hospitalization,
severity of disease and mortality associated with COVID-19, as well as the mechanisms involved, which may help
improve COVID-19 treatment strategies.

This study has several important strengths. It is the �rst study to comprehensively investigate the link between COVID-
19 and obesity. Second, we analyzed data from multiple nations and different ethnicities, which may improve the
generalizability of the �ndings to other populations. Third, we conducted meta-analysis and meta-regression analysis.
Combining those results with those of the larger data sets, makes our conclusions more robust. Finally, our �ndings are
timely and will help guide ongoing public health efforts, to contain COVID-19 and save lives.

In conclusion, obesity is positively associated with a greater risk of COVID-19 infection and there is a dose-response
relationship, while age is mediating factor. Obesity is also associated with increased severity of COVID-19 infection
outcomes including like admission to ICU, requirement for IMV and death. These �ndings highlight the need for early
detection and appropriate treatment of COVID-19 in patients with obesity. They also demonstrate the importance of
obesity prevention. Government agencies and policy makers should consider the potential negative health
repercussions induced by altered lifestyle behaviors during COVID-19 lockdowns and how best to reduce the risk of
obesity development.

Abbreviations
ACE2, angiotensin converting enzyme 2; BMI, body mass index; CDC, The Center for Disease Control and Prevention; CI,
con�dence interval; HR, hazard ratio; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IMV,
invasive mechanical ventilation; OR, Odds ratio, aOR, adjusted OR.
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Tables

Table 1. Main characteristics of studies and related �ndings on the
associations between COVID-19 and obesity
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Study
ID

First
author
Publication
Year

Country/

setting

Study
design

Study
sample
size

Age
(mean,
median or
range)
(years)

Males
(%)

Main
�ndings on
the
associations,
e.g. ORs
95%CI

 

Note: How
obesity
was
measured

A. Associations between COVID-19 and obesity

1 Hu et al,
2020

China Cohort
study

323 Mean 61 
(range:
23-91)

51.4 Obesity
prevalence:
All patients:
4%, Non-
severe
cases: 3.8%,
Severe
cases: 4.3%,
Critical
cases 8%

Outcome
unfavorable:
10.7%,
Favorable:
2.9%.

Obesity
(BMI >30
kg/m2).

2^ Zheng et
al, 2020

China Cross-
sectional
study

66 Mean 47
(range:18-
75)

 

25.8 Compared to
those with
non-severe
COVID-19,
patients with
severe
disease were
more obese
(89.5% vs.
59.6%,
p = 0.021).

Association
with obesity
and COVID-
19 severity
(adjusted-OR
6.32, 95% CI
1.16–34.54).

Obesity:
BMI
>25 kg/m2.

All had
metabolic
associated
fatty liver
disease.

3 Caussy et
al, 2020

France Cohort
study

291 NA NA Higher
requirement
for IMV in
severe
obesity ≥35
kg/m2

compared to
lean
patients:
81.8% versus
41.9%,
p=0.001.

Severe
obesity:
BMI ≥35
kg/m2.

 

4 Simmonet
et al, 2020

France Cohort
study

124 Median
60 (range:
51- 70)

73.0 Obesity and
severe
obesity were
signi�cantly
more
frequent

Obesity
(BMI >30
kg/m2) ;

Class II
obesity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7197620/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7166301/
https://pubmed.ncbi.nlm.nih.gov/32314861/
https://www.ncbi.nlm.nih.gov/pubmed/32271993


Page 13/19

among
SARS-CoV-2
participants
than in non
SARS-CoV-2
controls:
47.6% vs
25.2% and
28.2% vs
10.8%,
respectively.

Admission to
ICU: 47.5%
presented
with obesity,
including
class II
obesity in
13.7% and
with class III
obesity in
14.5%.

y
(BMI 35-
39.9
kg/m2);
Class III
obesity
(BMI ≥40
kg/m2).

5^ Docherty et
al, 2020

UK Cohort
study

16,749

 

Median
72 (range:
0-104)

60.2 Mortality

All obesity
1.37 (1.16-
1.63,
p<0.001).

as
recognized
by clinical
staff

6 ICNARC UK Case
report

196 Median
64 (range:
52-73)

70.9 28.6% of
patients had
a BMI of 25-
30, 29.6%
had a BMI of
30-40 and
6.6% had a
BMI of 40 or
higher.

Obesity
(BMI >30
kg/m2).

 

7^ Kalligeros
et at, 2020

USA Cohort
study

103 Median
60 (range:
52-70)

61.1 1)
Admission to
ICU: obesity
(aOR:2.65;
95% CI 0.64-
10.95); and
severe
obesity
(aOR: 5.39;
95% CI1.13-
25.64).

2) Use of
IMV: obesity
(aOR: 6.85;
95% CI 1.05-
44.82); and
severe
obesity
(aOR: 9.99;
95% CI 1.39-
71.69).

Obesity
(BMI 30-
34.9
kg/m2);

Severe
obesity
(BMI≥35
kg/m2).

8^ Lighter et
al, 2020

USA Cohort
study

3,615 <60 and
≥60

NA 1) <60 years:

Admission to
acute care:

Obesity
BMI 30-34
kg/m2;

https://www.medrxiv.org/content/10.1101/2020.04.23.20076042v1.full.pdf
https://www.icnarc.org/DataServices/Attachments/Download/a9875849-f16c-ea11-9124-00505601089b
https://www.ncbi.nlm.nih.gov/pubmed/32352637
https://www.ncbi.nlm.nih.gov/pubmed/32271368
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obesity OR:
2.0 (95% CI
1.6-2.6), and
severe
obesity OR:
2.2 (95% CI
1.7-2.9).

Admission to
ICU: obesity
OR: 1.8 (95%
CI 1.2-2.7),
and severe
obesity OR:
3.6 (95% CI
2.5-5.3).

2) ≥60
years

Admission to
acute care:
obesity OR:
0.9 (95% CI
0.6-1.2), and
severe
obesity OR:
0.9 (95% CI
0.6-1.3).

Admission to
ICU: obesity
OR: 1.1 (95%
CI 0.8-1.7),
and severe
obesity OR:
1.5 (95% CI
0.9-2.3).

Severe
obesity
BMI >35
kg/m2.

9^ Williamson
et al, 2020

UK
(England)

Cohort
study

17,425,445

(5,683
COVID-19
deaths)

>18 49.9 Incidence

Not obese
1.00 (ref)

Obese class
I: 1.27 (1.18-
1.36);

Obese class
II: 1.56 (1.41-
1.73);

Obese class
III: 2.27
(1.99-2.58).

Obese
class I (30-
34.9kg/m2)

Obese
class II (35-
39.9kg/m2)

Obese
class III
(≥40
kg/m2)

 

B. Obesity related behaviors (e.g. eating and physical activity)

10 Pietrobelli
et al, 2020

Italy Cohort
study

41 Mean
13.0±3.1
(range: 6-
18)

53.7 1) Meals
(#/day)
change:
1.15±1.56;
95% CI:
0.65/1.64

Baseline
BMI was
about 30.5
kg/m2 in
males and
29.7 kg/m2

in females

https://www.medrxiv.org/content/10.1101/2020.05.06.20092999v1.full.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/oby.22861
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2) Potato
chips
change:
0.54±0.86;
95% CI:
0.26/0.81

3) Red meat
change:
1.66±2.10;

95% CI:
1.00/2.32

4) Sugary
drinks
(#/day)
change:
0.50±1.08;
95% CI:
0.16/0.84

5) Screen
time
(hrs/day)
change:
4.85±2.40;
95% CI:
4.10/5.61

6) Sleep time
(hrs/day)
change:
0.65±1.29;
95% CI:
0.24/1.05

7) Sports
(hrs/week)
change:

-2.30±4.60;
95% CI:
-3.76/-0.85

Abbreviation: CI: con�dence intervals; ICU: Intensive Care Unit; IMV: Invasive Mechanical Ventilation; COVID-19:
Coronavirus Disease 2019; aOR, adjusted OR; WHO: World Health Organization.

^ These studies were included in our meta-analyses, because the effect sizes (OR and 95% CI) were reported.

 

Table 2. Overall results of meta-analysis and sub-group analysis of the associations between COVID-19 and obesity
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  Number of
studies/

Analyses*

Effect size
(95%CI)

P
value

Heterogeneity

I2
(%)

χ2 P
value

Tau-
squared

Total 17 1.69 (1.41, 2.02) <0.001 87.3 126.48 <0.001 0.0838

 

Country

             

  USA 12 1.80 (1.32, 2.46) <0.001 80.7 57.12 <0.001 0.1945

  UK 4 1.57 (1.23, 2.02) <0.001 95.1 61.29 <0.001 0.0605

  China 1 6.32 (1.16,
34.48)

0.033 … … … …

 

Study design

             

cohort study 16 1.66 (1.39, 1.99) <0.001 87.9 123.73 <0.001 0.0826

  cross-sectional
study

1 6.32 (1.16,
34.48)

0.033 … … … …

 

Obesity
classi�cations

             

  obesity 9 1.43 (1.18, 1.73) <0.001 71.0 27.56 0.001 0.0417

  severe obesity 8 1.96 (1.49, 2.59) <0.001 86.7 52.55 <0.001 0.0997

 

COVID-19 severity

             

  COVID-19 admission 2 2.31 (0.56, 9.56) 0.248 67.6 3.09 0.079 0.7903

  ICU admission 6 2.01 (1.25, 3,23) 0.004 77.4 22.16 <0.001 0.2290

  IMV use admission 2 8.20 (2.10,
31.91)

0.002 0.0 0.07 0.786 0.0000

  Acute care
admission

4 1.40 (0.88, 2.22) 0.155 89.2 27.79 <0.001 0.1956

  The death of COVID-
19

3 1.64 (1.20, 2.25) 0.002 96.7 60.57 <0.001 0.0740

Abbreviation: CI: con�dence intervals; ICU: Intensive Care Unit; IMV: Invasive Mechanical Ventilation; COVID-19:
Coronavirus Disease 2019. 

*Results from �ve studies (reported 17 analyses, including for different related outcomes and subgroups) were
included in the meta-analysis. A �xed-effect model was �t when modest to moderate heterogeneity was present, and a
random-effects model was �t when substantial to considerable heterogeneity was present.
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Table 3. Results of meta-regression analyses of age and gender differences on the association between COVID-19 and
obesity*

  β 95% CI P-value R2

 Age -0.29 -0.47, -0.10 0.005 26.01

 Gender 0.01 -0.15, 0.17 0.859  

*Meta-regression analyses based on results from �ve studies were performed to determine whether subjects’ age (in
years) and gender (% of males) affected the association between COVID-19 and obesity.

Figures

Figure 1

Flow chart diagram of studies selected for investigating the relationship between obesity and Covid-19
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Figure 2

Meta-analysis of associations between COVID-19 and obesity: Odds ratios and 95% con�dence intervals based on
mixed models Five studies (17 analyses and types of results) were included. A �xed-effect model was estimated when
modest to moderate heterogeneity was present, and a random-effects model was estimated when substantial to
considerable heterogeneity was present. a. obesity; b. severe obesity. ‡ Severe obesity was divided into two categories:
severe obesity I (35-39.9 kg/m2) and II (≥40 kg/m2). # The COVID-19 patients in these articles needed Intensive Care
Unit (ICU) admission; § The COVID-19 patients in these articles needed Invasive Mechanical Ventilation (IMV) use; †
The COVID-19 patients in these articles needed acute care admission. * indicates age ≥60; age groups were classi�ed
as under and over 60 years in the study reported by Lighter et al, 2020.
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Figure 3

Funnel plot for publication bias Five studies (17 analyses) were included in the meta-analysis of the associations
between COVID-19 and obesity). We used the trim method to make the funnel plot.
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