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Summary

The ongoing coronavirus disease 2019 (COVID-19) pandemic calls for identification

of risk factors, which may help to identify people at enhanced risk for severe disease

outcomes to improve treatment and, if possible, establish prophylactic measures. This

study aimed to determine whether individuals with obesity compared to individuals

with normal weight have an increased risk for severe COVID-19. We conducted a

systematic literature search of PubMed, Embase and Cochrane Library and critically

reviewed the secondary literature using AMSTAR-2. We explored 27 studies. Find-

ings indicate that individuals with obesity (body mass index ≥ 30 kg/m2), as com-

pared to individuals without obesity, experience an increased risk for hospitalization

(odds ratio [OR]: 1.40–2.45), admission to the intensive care unit (OR: 1.30–2.32),

invasive mechanical ventilation (OR: 1.47–2.63), and the composite outcome ‘severe
outcome’ (OR or risk ratio: 1.62–4.31). We found diverging results concerning

death to COVID-19, but data trended towards increased mortality. Comparing indi-

viduals with obesity to individuals without obesity, findings suggested younger indi-

viduals (<60 years) experience a higher risk of severe disease compared to older

individuals (≥60 years). Obesity augments the severity of COVID-19 including a ten-

dency to increased mortality and, thus, contributes to an increased disease burden,

especially among younger individuals.
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1 | INTRODUCTION

On 11 March 2020 the World Health Organization (WHO) classified

the ongoing coronavirus disease 2019 (COVID-19) outbreak as a

global pandemic.1 The disease caused by severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) and reported to originate from

Wuhan, China, is estimated to have infected more than 260 million

individuals and resulting in more than 5.1 million deaths worldwide.2

Although people are encouraged to enter vaccination progr-

ammes the COVID-19 can still be characterized as a pandemic leading

to disease and death. It is, therefore, of the utmost importance to be

able to identify potential risk factors which may increase the risk of

severe illness or even death to aid these more vulnerable individuals

as early as possible in the course of the disease or even, if possible, to

facilitate relevant protective measures in the society.

A possible protective effect of obesity (obesity paradox) in rela-

tion to infectious diseases has previously been proposed,3 however,

several studies evaluating risk factors in relation to COVID-19 sever-

ity have pointed out obesity to potentially augment the severity of

the disease, including increased risk of hospitalization, of admission to

intensive care units (ICU), and an increased need for invasive mechan-

ical ventilation (IMV).4

After infection by SARS-CoV-2 contaminated aerosols, the aver-

age individual experience an incubation period of 5–7 days.5 Despite
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the infection, up to 20% of infected individuals may not develop any

kind of symptoms through the course of the infection.6 Most of the

symptomatic individuals will experience a mild or moderate course of

disease consisting of fever, cough, fatigue and even anosmia and

ageusia.5 However, as many as 20% of patients may develop severe

or critical disease resulting in requirement of oxygen support and hos-

pital care or even admission to ICU to prevent and handle feared com-

plications such as acute respiratory distress syndrome, sepsis,

thromboembolism and even multiorgan failure.5 As the WHO esti-

mates that nearly 2 billion individuals experience overweight or obe-

sity (650 million with obesity)7 it is important to clarify whether these

individuals should be considered at increased risk of developing

severe COVID-19. In addition, it may be of interest to investigate if an

age-dependent risk exists as a previous report has demonstrated that

BMI among hospitalized individuals was negatively correlated with

age (r2 = .051; p = .0002),8 suggesting that the severity of COVID-19

in younger individuals with obesity might be augmented.

This ubiquitous crisis demanding a worldwide attention has

resulted in the production of an enormous number of scientific publi-

cations. To explore the possible link between obesity and COVID-19

severity, it is necessary to continuously critically review and discuss

the available literature. Hence, a systematic appraisal of the study

quality of the available systematic reviews on the association between

obesity and risk of severe a COVID-19 outcome and a discussion of

their conclusions is needed.

2 | OBJECTIVES

We hypothesize that obesity is an independent risk factor for the

development of severe illness following SARS-CoV-2 infection. This

paper seeks to give an updated answer on the following Population,

Intervention, Comparison, Outcome (PICO)9 question: In individuals

infected with a SARS-CoV-2 (P), does obesity (I) compared to normal

weight (C) affect outcomes such as hospitalization, ICU admission,

need for IMV or mortality (O)?

3 | METHODS

3.1 | Search strategy and literature search

We performed a systematic literature search of PubMed, Embase and

Cochrane Library using the search strings as presented in Table S1.

The searches were carried out 8 February, 22 May, 25 October 2021,

with no limitations regarding time period of publication. The choice of

proper search terms was made in accordance with the individual data-

base thesaurus. We performed hand searching of the lists of refer-

ences of the included studies to further include studies potentially

missed by the literature search.

To be included, the studies must fulfil the following criteria:

(1) Publication type of systematic review with or without meta-

analysis of SARS-CoV-2-positive individuals; (2) risk assessments of

the continuous variable, BMI, or the dichotomous variable, obesity

(BMI ≥ 27.5 kg/m2 for Asian individuals; BMI ≥ 30 kg/m2 for non-

Asian individuals10), regarding COVID-19 severity either as hospitali-

zation, ICU admission, need of IMV, mortality, or any representative

measurement of severe (blood oxygen saturation < 90%, respiratory

rate > 30/min, signs of severe respiratory distress5) or critical (require-

ment of life sustaining treatment or acute respiratory distress5) dis-

ease outcome; (3) the included study must have been through a

proper peer-review process.

After the removal of duplicates, studies were screened by title

and abstract and excluded if found ineligible, e.g., improper publica-

tion type such as editorials, commentaries, primary studies, or second-

ary literature without investigations included by the aforementioned

inclusion criteria. We evaluated the remaining studies for final inclu-

sion in accordance with the inclusion criteria by full-text reading. The

literature selection process is shown in Figure 1.

3.2 | Study quality assessment

To assess the quality of each included study this project used the

appraisal tool ‘A MeaSurement Tool to Assess systematic Reviews-2’
(AMSTAR-2).11 The instrument consists of 16 questions of which

7 are considered critical. By applying these questions to each study, it

is possible to qualitatively rate the overall confidence in the results of

the review as either ‘critically low’ (more than one critical flaw), ‘low’
(one critical flaw), ‘moderate’ (more than one noncritical weakness) or

‘high’ (no or one noncritical weakness). We excluded studies rated as

‘critically low’ for qualitative synthesis. Two authors (A.A. and N.K.)

independently performed the quality assessment, and any differences

were solved through discussion.

3.3 | Data extraction

Using the standardized data extraction tool in accordance with the

guidelines for umbrella reviews by the Joanna Briggs Institute12 One

of the authors (N.K.) extracted the following data from the literature:

Author, date of publication, study objectives, sources searched, search

details, types and number of studies included, total number of partici-

pants, appraisal instrument used, and summary of findings, including

heterogeneity.

4 | RESULTS

4.1 | Results of literature search

The initial literature search yielded 347 potential publications. After

removing duplicates, screening titles and abstracts 163 articles

remained and were evaluated in detail prior to potential inclusion. This

led to exclusion of further 101 articles with reasons specified in

Figure 1. After full-text reading we excluded 25 articles and using the
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AMSTAR-2 quality assessment tool we excluded further 10 studies

which led to the inclusion of 27 systematic reviews in this paper's

qualitative deductions. The 27 systematic reviews included a total of

260 unique primary studies.

Table 1 shows, that the systematic reviews mainly included stud-

ies from the Regions of the Americas (USA, Mexico, Brazil, Bolivia),

the European Region (Italy, France, Spain, United Kingdom, Greece,

Germany, Switzerland, Israel) and Western Pacific Region (China,

Singapore), whilst the Eastern Mediterranean Region (Kuwait) was

represented sparsely and none of the systematic reviews included

studies from the African Region or the South-East Asian Region.

4.2 | Results of study appraisal

Using the AMSTAR-2 appraisal tool to judge the methodological

quality, 2514,17–21,24–26,28,30,32,33,35,37,41–50 of the 37 studies

were evaluated as ‘Low’- or ‘Critically low’-quality studies; 1514,17–

21,24–26,28,30,32,33,35,37 and 10,41–50 respectively (Table S2). The

individual results of the AMSTAR-2 study quality assessment are

shown in Table S3.

4.3 | Results of individual studies

The results of the included systematic reviews are presented in Table 1

and visually summarized in Table 2. Tables S4 and S5 and Figures S1

and S2 presents subgroup analyses regarding IMV and mortality, respec-

tively. A total of five different outcomes (hospitalization, ICU, IMV,

‘severe outcome’ and mortality) were assessed across the 27 studies.

4.4 | Hospitalization

Eight studies examined the role of obesity in relation to hospi-

talization.14,17,19,24,27,30,35,39 Seven studies provided a meta-

analysis,14,17,19,24,27,30,35 six of which reported significant odds ratios

[ORs] ranging from 1.4035 to 2.4524 reflecting an increased OR for

F IGURE 1 Flow diagram of study selection process

KRISTENSEN ET AL. 3 of 15



T
A
B
L
E
1

Su
m
m
ar
y
ta
bl
e
o
f
in
cl
ud

ed
st
ud

ie
s
an

d
th
e
re
po

rt
ed

o
ut
co

m
es

re
la
te
d
to

o
be

si
ty

an
d
C
O
V
ID

-1
9
se
ve

ri
ty

Q
ua

nt
it
at
iv
e
st
ud

ie
s

A
ut
ho

r

(y
ea

r/
m
o
nt
h)

St
ud

ie
d

co
un

tr
ie
s

O
ut
co

m
e

C
o
m
pa

ri
so

ns

St
ud

ie
s

(n
)

Sa
m
pl
e

si
ze

(n
)

O
R
o
r
R
R
(9
5
%

C
I)

I2
A
dj
us
tm

en
ts

Q
u
al
it
at
iv
e

ap
p
ra
is
al

(A
M
ST

A
R
-2
)

D
es
si
e
et

al
.1
3

(2
0
2
1
/A

ug
)

U
SA

:6

M
ex

ic
o
:2

F
ra
nc

e

M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

9
3
6
2
2
5
4

O
R
:1

.3
4
(1
.1
7
–1

.5
2
)

8
2
.6

M
ul
ti
va
ri
at
e
m
et
a-
an

al
ys
is
ad

ju
st
ed

fo
r
co

m
o
rb
id
it
ie
s,

ge
nd

er
sm

o
ki
n
g
st
at
u
s,
o
b
es
it
y,
ag
e,

ac
u
te

ki
d
n
ey

in
ju
ry

an
d
D
-d
im

er

H
ig
h

R
ae

is
ie

t
al
.1
4

(2
0
2
1
/J
ul
y)

U
SA

:1
9

C
hi
na

:5

F
ra
nc

e:
4

It
al
y:

3

U
K
:2

M
ex

ic
o

B
o
liv
ia

Sp
ai
n

Si
ng

ap
o
re

H
o
sp
.

IC
U

IM
V

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

6 1
0

1
1

3
7

1
8

4
4
7
5
9
5

5
8
0
5
5

5
4
4
5
9

4
7
9
0
5
2

7
8
2
6
0

O
R
:1

.7
5
(1
.4
7
–2

.0
9
)

O
R
:1

.7
5
(1
.3
8
–2

.2
2
)

O
R
:2

.2
4
(1
.7
0
–2

.9
4
)

O
R
:1

.6
2
(1
.4
8
–1

.7
6
)

O
R
:1

.2
3
(1
.0
6
–1

.4
1
)

7
3
.3

7
4
.0

4
8
.5

6
6
.8

6
0
.6

R
an

do
m
-e
ff
ec
ts

m
et
h
o
d
co

m
b
in
in
g
cr
u
d
e
an

d
ad

ju
st
ed

da
ta

ad
ju
st
ed

fo
r
m
u
lt
ip
le

p
ar
am

et
er
s
in
cl
u
d
in
g
ge

n
d
er
,

ag
e,

ed
uc

at
io
n
,e

th
n
ic
it
y,
h
yp

er
te
n
si
o
n
,C

V
D
,C

O
P
D

a ,

so
ci
o
ec
o
n
o
m
ic
st
at
u
s,
sm

o
ki
n
g
st
at
u
s,
d
ia
b
et
es

an
d

o
th
er

co
va
ri
at
es

Lo
w

Li
et

al
.1
5

(2
0
2
1
/M

ar
ch

)

It
al
y:

2

U
SA

U
K

M
o
rt
al
it
y

B
M
I
≥
3
0
vs
.B

M
I<

3
0

4
1
1
3
4
3

O
R
:1

.5
9
(1
.0
2
–2

.4
8
)

8
7
.5

R
an

do
m
-e
ff
ec
ts

m
u
lt
iv
ar
ia
te

m
et
a-
an

al
ys
is
ad

ju
st
ed

ag
e

an
d
ge

nd
er

H
ig
h

B
o
o
th

et
al
.1
6

(2
0
2
1
/M

ar
ch

)

U
SA

:3

F
ra
nc

e

SO
W

it
ho

ut
se
ve

re
o
be

si
ty

4
5
9
6
9

O
R
:2

.5
7
(1
.3
1
–5

.0
5
)

3
9
.0

R
an

do
m
-e
ff
ec
ts

m
o
d
el

m
et
a-
re
gr
es
si
o
n
an

al
ys
in
g

ag
e
>
7
5
ye

ar
s,
m
al
e
se
x,
se
ve

re
o
b
es
it
y

H
ig
h

Z
ha

ng
et

al
.1
7

(2
0
2
1
/M

ar
ch

)

U
SA

:9

C
hi
na

:5

It
al
y:

2

F
ra
nc

e:
2

U
K
:2

G
er
m
an

y

Si
ng

ap
o
re

H
o
sp
.

IC
U

IM
V

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

4 8 7 4 9

6
2
5
2

3
2
8
1

1
4
3
0

1
6
2
1

2
0
5
9
8

O
R
:1

.6
8
(1
.2
8
–2

.1
9
)

O
R
:1

.3
5
(1
.1
4
–1

.5
9
)

O
R
:1

.7
6
(1
.2
9
–2

.4
0
)

O
R
:3

.0
3
(1
.4
6
–6

.2
8
)

O
R
:0

.9
6
(0
.7
4
–1

.2
5
)

N
A

N
A

N
A

N
A
N
A

U
na

dj
us
te
d
O
R
s

Lo
w

P
o
ly
et

al
.1
8

(2
0
2
1
/F

eb
)

U
SA

:1
1

It
al
y:

2

M
ex

ic
o

F
ra
nc

e

U
K

C
hi
na

M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

1
7

5
4
3
3
9
9

R
R
:1

.4
2
(1
.2
4
–1

.6
3
)

6
7
.9

R
an

do
m
-e
ff
ec
ts

m
et
h
o
d
,m

et
a-
an

al
ys
is
o
f
ad

ju
st
ed

ef
fe
ct

es
ti
m
at
es

U
ns
pe

ci
fi
ed

ad
ju
st
m
en

ts

Lo
w

H
el
va
ci
et

al
.1
9

(2
0
2
1
/F

eb
)

U
SA

:8

M
ex

ic
o
:2

C
hi
na

:2

F
ra
nc

e:
2

It
al
y:

2

K
uw

ai
t

G
er
m
an

y

U
K

H
o
sp
.

IC
U

IM
V

M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

5 1
3

4 6

9
5
6
9

9
5
1
9

1
9
2
2

1
1
7
8
5

O
R
:1

.3
0
(1
.0
0
–1

.6
9
)

O
R
:1

.5
1
(1
.1
6
–1

.9
7
)

O
R
:1

.7
7
(1
.3
4
–2

.3
5
)

O
R
:1

.2
8
(0
.7
6
–2

.1
6
)

5
2
.0

7
2
.0

0
.0

8
0
.0

R
an

do
m
-e
ff
ec
ts

m
et
h
o
d
,h

o
w
ev

er
,n

o
st
at
em

en
t

sp
ec
if
yi
ng

th
e
ad

ju
st
ed

p
ar
am

et
er
s

Lo
w

4 of 15 KRISTENSEN ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

Q
ua

nt
it
at
iv
e
st
ud

ie
s

A
ut
ho

r

(y
ea

r/
m
o
nt
h)

St
ud

ie
d

co
un

tr
ie
s

O
ut
co

m
e

C
o
m
pa

ri
so

ns

St
ud

ie
s

(n
)

Sa
m
pl
e

si
ze

(n
)

O
R
o
r
R
R
(9
5
%

C
I)

I2
A
dj
us
tm

en
ts

Q
u
al
it
at
iv
e

ap
p
ra
is
al

(A
M
ST

A
R
-2
)

D
en

g
et

al
.2
0

(2
0
2
1
/J
an

)

U
SA

:6

It
al
y:

2

Si
ng

ap
o
re

C
hi
na

Sp
ai
n

IC
U

IM
V

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

7 7 9 7

1
8
1
2

2
1
6
7

2
4
4
2

5
1
7
5

O
R
:1

.8
6
(1
.4
5
–2

.3
9
)

O
R
:1

.7
4
(1
.3
9
–2

.1
7
)

O
R
:1

.7
9
(1
.5
2
–2

.1
1
)

O
R
:1

.0
5
(0
.6
5
–1

.7
1
)

N
A

N
A

N
A

N
A

R
an

do
m
-e
ff
ec
ts

m
o
d
el

w
it
h
ad

ju
st
m
en

ts
fo
r
ag
e,

ge
n
d
er

F
ix
ed

-e
ff
ec
t
an

d
ge

n
er
al
iz
ed

le
as
t
sq
u
ar
e
m
et
h
o
d
fo
r

do
se
–r
es
p
o
n
se

an
al
ys
es

Lo
w

H
o
o
ng

et
al
.2
1

(2
0
2
1
/J
an

)

U
SA

:2

C
hi
na

:2

U
K

It
al
y

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

6 4

1
7
8
6
1

1
7
3
2
2

O
R
:2

.0
2
(1
.4
1
–2

.8
9
)

O
R
:1

.5
1
(1
.1
3
–2

.2
1
)

7
3
.5

4
6
.2

R
an

do
m
-e
ff
ec
ts

m
o
d
el

m
et
a-
re
gr
es
si
o
n
ad

ju
st
in
g
fo
r
ag
e,

ge
nd

er
,C

V
D
,C

K
D
,c
h
ro
n
ic
re
sp
ir
at
o
ry

d
is
ea

se
,d

ia
b
et
es
,

hy
pe

rt
en

si
o
n

Lo
w

H
o
et

al
.2
2

(2
0
2
0
/D

ec
)

U
SA

:1
0

C
hi
na

:7

It
al
y:

2

U
K

M
ex

ic
o

Sp
ai
n

IC
U

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

8 6 1
2

9
8
6
9

1
1
1
1

4
5
7
6
8

O
R
:1

.2
5
(0
.9
9
–1

.5
8
)

O
R
:3

.1
3
(1
.4
1
–6

.9
2
)

O
R
:1

.3
3
(1
.0
7
–1

.6
6
)

3
1
.0

8
2
.6

8
8
.5

R
an

do
m
-e
ff
ec
ts

u
n
iv
ar
ia
te

m
et
a-
re
gr
es
si
o
n

M
o
d
er
at
e

M
es
as

et
al
.2
3

(2
0
2
0
/N

o
v)

U
SA

:7

It
al
y:

3

B
ra
zi
l:
2

Sp
ai
n:

2

Is
ra
el

M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

1
7

2
0
2
8
9

O
R
:1

.0
9
(0
.8
4
–1

.4
2
)

8
2
.9

R
an

do
m
-e
ff
ec
ts

m
o
d
el

ad
ju
st
in
g
fo
r
ag
e,

ge
n
d
er
,

co
m
o
rb
id
it
ie
s
(u
n
sp
ec
if
ie
d
)

H
ig
h

Y
an

g
et

al
.2
4

(2
0
2
0
/O

ct
)

U
SA

:1
5

M
ex

ic
o
:4

It
al
y:

2

B
ra
zi
l

U
K

B
o
liv
ia

H
o
sp
.

IC
U

IM
V

M
o
rt
al
it
y

B
M
I≥
3
0
vs
.B

M
I<

2
5

B
M
I≥
3
0
vs
.B

M
I<

3
0

B
M
I≥
3
0
vs
.B

M
I<

2
5

B
M
I≥
3
0
vs
.B

M
I<

3
0

9 9 7 8

2
5
9
8
4
2

1
8
2
7
5
8

1
8
3
1
0
1

3
4
5
2
7
3

O
R
:2

.4
5
(1
.7
8
–3

.3
9
)

O
R
:1

.3
0
(1
.2
1
–1

.4
0
)

O
R
:1

.5
9
(1
.3
5
–1

.8
8
)

O
R
:1

.6
5
(1
.2
1
–2

.2
5
)

9
2
.0

1
4
.0

4
6
.0

9
5
.0

N
A

Lo
w

C
hu

et
al
.2
5

(2
0
2
0
/O

ct
)

U
SA

:5

C
hi
na

:4

F
ra
nc

e

It
al
y

IC
U

IM
V

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

2 2 4 3

1
2
3
3

7
1
8

5
1
9

5
1
0
2

O
R
:1

.5
7
(1
.1
8
–2

.0
9
)

O
R
:2

.1
3
(1
.1
0
–4

.1
4
)

O
R
:4

.3
1
(2
.4
2
–7

.6
5
)

O
R
:0

.8
9
(0
.3
2
–2

.5
1
)

0
.0

5
4
.0

0
.0

8
1
.0

R
an

do
m
-e
ff
ec
ts

m
et
a-
re
gr
es
si
o
n
ad

ju
st
in
g
fo
r
ag
e,

hy
pe

rt
en

si
o
n
,d

ia
b
et
es
,C

V
D
,C

O
P
D

Lo
w

N
o
o
r
et

al
.2
6

(2
0
2
0
/S
ep

t)

It
al
y:

2

U
SA

B
ra
zi
l

Sp
ai
n

G
re
ec
e

Sw
it
ze
rl
an

d

M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

7
1
3
4
7
7

R
R
:2

.1
8
(1
.0
9
–4

.3
4
)

9
8
.6

R
an

do
m
-e
ff
ec
ts

m
et
h
o
d
,h

o
w
ev

er
,n

o
st
at
em

en
t
re
ga
rd
in
g

ad
ju
st
m
en

ts

Lo
w (C
o
nt
in
u
es
)

KRISTENSEN ET AL. 5 of 15



T
A
B
L
E
1

(C
o
nt
in
ue

d)

Q
ua

nt
it
at
iv
e
st
ud

ie
s

A
ut
ho

r

(y
ea

r/
m
o
nt
h)

St
ud

ie
d

co
un

tr
ie
s

O
ut
co

m
e

C
o
m
pa

ri
so

ns

St
ud

ie
s

(n
)

Sa
m
pl
e

si
ze

(n
)

O
R
o
r
R
R
(9
5
%

C
I)

I2
A
dj
us
tm

en
ts

Q
u
al
it
at
iv
e

ap
p
ra
is
al

(A
M
ST

A
R
-2
)

Y
an

g
et

al
.2
7

(2
0
2
0
/S
ep

t)

U
SA

:2
4

It
al
y:

6

Sp
ai
n:

3

F
ra
nc

e:
3

C
hi
na

:2

U
K

M
ex

ic
o

B
ra
zi
l

G
re
ec
e

H
o
sp
.

IC
U

IM
V

M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

1
1

1
5

1
4

2
1

1
6
9
3
6
2

3
0
2
6
8

2
5
9
4
5

5
4
9
3
8

O
R
:1

.5
4
(1
.3
3
–1

.7
8
)

O
R
:1

.4
8
(1
.2
4
–1

.7
7
)

O
R
:1

.4
7
(1
.3
1
–1

.6
5
)

O
R
:1

.1
4
(1
.0
4
–1

.2
6
)

6
0
.9

6
7
.5

1
8
.8

7
4
.4

R
an

do
m
-e
ff
ec
ts

m
o
d
el

p
re
fe
ra
b
ly

u
si
n
g
ad

ju
st
ed

va
lu
es
,

ho
w
ev

er
,n

o
st
at
em

en
t
sp
ec
if
yi
n
g
th
e
ad

ju
st
ed

pa
ra
m
et
er
s

H
ig
h

D
u
et

al
.2
8

(2
0
2
0
/S
ep

t)

U
SA

:5

F
ra
nc

e

M
ex

ic
o

K
uw

ai
t

SO M
o
rt
al
it
y

B
M
I
≥
3
0
vs
.B

M
I<

3
0

B
M
I
≥
3
0
vs
.B

M
I<

3
0

8 4

9
9
1
0
0

4
3
7
6

O
R
:1

.6
9
(1
.2
7
–2

.2
7
)

O
R
:3

.3
4
(1
.8
9
–5

.9
0
)

7
5
.7

7
8
.4

R
an

do
m
-e
ff
ec
ts

m
o
d
el

m
et
a-
re
gr
es
si
o
n
b
as
ed

o
n

m
ul
ti
va
ri
at
e
an

al
ys
is
ad

ju
st
ed

fo
r
ag
e,

ge
n
d
er
,

m
al
ig
na

n
cy
,s
m
o
ki
n
g,
d
ia
b
et
es
,C

V
D
,h

yp
er
te
n
si
o
n
,C

K
D
,

o
th
er

ch
ro
n
ic
d
is
ea

se
s

Lo
w

Z
ha

o
et

al
.2
9

(2
0
2
0
/A

ug
)

U
SA

:4

C
hi
na

:3

It
al
y

M
ex

ic
o

F
ra
nc

e

Si
ng

ap
o
re

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

9 4

9
4
4
0

1
3
0
0

O
R
:2

.0
7
(1
.5
3
–2

.8
1
)

O
R
:1

.5
7
(0
.8
5
–2

.9
0
)

7
0
.9

5
7
.0

R
an

do
m
-e
ff
ec
ts

m
et
h
o
d
,h

o
w
ev

er
,n

o
st
at
em

en
t

sp
ec
if
yi
ng

th
e
ad

ju
st
ed

p
ar
am

et
er
s

H
ig
h

H
ua

ng
et

al
.3
0

(2
0
2
0
/A

ug
)

U
SA

:1
0

M
ex

ic
o
:2

It
al
y:

2

K
uw

ai
t

F
ra
nc

e

H
o
sp
.

IC
U

IM
V

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

4 6 4 2
1

7

2
3
6
5
4

9
9
4
2

2
2
5
8

4
5
6
5
0

2
9
1
6
6

O
R
:2

.3
6
(1
.3
7
–4

.0
7
)

O
R
:2

.3
2
(1
.3
8
–3

.9
0
)

O
R
:2

.6
3
(1
.3
2
–5

.2
5
)

O
R
:2

.0
9
(1
.6
7
–2

.6
2
)

O
R
:1

.4
9
(1
.2
0
–1

.8
5
)

9
6
.0

8
2
.5

6
4
.4

9
0
.7

6
9
.2

R
an

do
m
-e
ff
ec
ts

m
o
d
el

m
u
lt
iv
ar
ia
te

an
al
ys
is
,h

o
w
ev

er
,n

o

st
at
em

en
t
sp
ec
if
yi
n
g
th
e
ad

ju
st
ed

p
ar
am

et
er
s

Lo
w

Sa
le
s-
P
er
es

et
al
.3
1

(2
0
2
0
/J
ul
y)

C
hi
na

:2

U
SA

SO
W

it
ho

ut
o
be

si
ty

3
4
6
3

R
R
:1

.4
0
(0
.9
1
–2

.1
7
)

3
8
.1

R
an

do
m
-e
ff
ec
ts

m
o
d
el
,h

o
w
ev

er
,n

o
st
at
em

en
t
sp
ec
if
yi
n
g

ad
ju
st
m
en

ts

H
ig
h

P
ra
na

ta
et

al
.3
2

(2
0
2
0
/J
un

e)

U
SA

:6

C
hi
na

:2

U
K

It
al
y

F
ra
nc

e

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

9 4

3
4
1
9
0

2
9
0
5
1

O
R
:1

.7
3
(1
.4
0
–2

.1
4
)

O
R
:1

.5
5
(1
.1
6
–2

.0
6
)

5
5
.6

7
4
.4

R
an

do
m
-e
ff
ec
ts

m
o
d
el
,i
n
cl
u
d
ed

o
n
ly

ad
ju
st
ed

O
R
s,

ho
w
ev

er
,n

o
st
at
em

en
t
sp
ec
if
yi
n
g
th
e
ad

ju
st
ed

pa
ra
m
et
er
s

Lo
w

F
ö
ld
ie

t
al
.3
3

(2
0
2
0
/J
un

e)

U
SA

:3

F
ra
nc

e:
2

Is
ra
el

C
hi
na

It
al
y

Si
ng

ap
o
re

IC
U

IM
V

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

6 5

2
7
7
0

5
0
9

O
R
:1

.2
1
(1
.0
0
–1

.4
6
)

O
R
:2

.0
5
(1
.1
6
–3

.6
4
)

0
.0

3
4
.9

R
an

do
m
-e
ff
ec
ts

m
o
d
el

o
n
m
u
lt
iv
ar
ia
te

m
o
d
el

ad
ju
st
ed

fo
r

ag
e,

ra
ce
,g
en

d
er
,d

ia
b
et
es
,h

yp
er
te
n
si
o
n
,l
u
n
g
d
is
ea

se
a ,

he
ar
t
di
se
as
eb

Lo
w

6 of 15 KRISTENSEN ET AL.



T
A
B
L
E
1

(C
o
nt
in
ue

d)

Q
ua

nt
it
at
iv
e
st
ud

ie
s

A
ut
ho

r

(y
ea

r/
m
o
nt
h)

St
ud

ie
d

co
un

tr
ie
s

O
ut
co

m
e

C
o
m
pa

ri
so

ns

St
ud

ie
s

(n
)

Sa
m
pl
e

si
ze

(n
)

O
R
o
r
R
R
(9
5
%

C
I)

I2
A
dj
us
tm

en
ts

Q
u
al
it
at
iv
e

ap
p
ra
is
al

(A
M
ST

A
R
-2
)

Se
id
u
et

al
.3
4

(2
0
2
0
/J
un

e)

U
SA

:2

C
hi
na

:2

It
al
y:

2

Si
ng

ap
o
re

F
ra
nc

e

SO
1

SO
2

M
o
rt
al
it
y

B
M
I
>
3
5
vs
.B

M
I<

2
5

B
M
I
>
2
5
vs
.B

M
I<

2
5

B
M
I
>
2
5
vs
.B

M
I<

2
5

3 6 4

3
9
4
5

4
1
6
9

5
6
5

R
R
:3

.7
6
(1
.9
7
–7

.1
6
)

R
R
:2

.3
5
(1
.4
3
–3

.8
6
)

R
R
:3

.5
2
(1
.3
2
–9

.4
2
)

2
9
.0

7
1
.0

6
6
.0

R
an

do
m
-e
ff
ec
ts

m
o
d
el

o
n
m
u
lt
iv
ar
ia
te

ad
ju
st
ed

ri
sk

es
ti
m
at
es

(if
av
ai
la
b
le
).
N
o
st
at
em

en
t
sp
ec
if
yi
n
g
th
e

ad
ju
st
ed

p
ar
am

et
er
s

M
o
d
er
at
e

C
ha

ng
et

al
.3
5

(2
0
2
0
/M

ay
)

U
SA

:5

F
ra
nc

e

H
o
sp
.

IM
V

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

2 4

8
6
5
5

6
4
4

O
R
:1

.4
0
(1
.3
0
–1

.6
0
)

O
R
:2

.0
0
(1
.4
0
–2

.9
0
)

0
.0

0
.0

U
na

dj
us
te
d
O
R
s

Lo
w

F
ig
lio

zz
ie

t
al
.3
6

(2
0
2
0
/M

ay
)

N
A

SO
W

it
ho

ut
o
be

si
ty

N
A

5
1
8
4

O
R
:2

.2
8
(0
.7
6
–6

.9
0
)

8
1
.0

R
an

do
m
-e
ff
ec
ts

m
et
a-
re
gr
es
si
o
n
,1

0
o
u
t
o
f
3
5
st
u
d
ie
s

pr
o
vi
de

d
ad

ju
st
ed

O
R
s
ad

ju
st
ed

fo
r
ag
e,

sm
o
ki
n
g,

di
ab

et
es
,C

V
D
,m

al
ig
n
an

cy
,a
cu

te
ca
rd
ia
c,
ki
d
n
ey

an
d

liv
er

in
ju
ry
,D

-d
im

er
,s
te
ro
id
s

M
o
d
er
at
e

Z
ho

u
et

al
.3
7

(2
0
2
0
/A

pr
il)

C
hi
na

U
K

U
SA

F
ra
nc

e

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

W
it
ho

ut
o
be

si
ty

3 1

5
6
0

2
9
3
6

O
R
:2

.2
9
(1
.2
2
–4

.2
9
)

O
R
:1

.1
5
(0
.9
8
–1

.3
4
)

3
8
.5

N
A

R
an

do
m
-e
ff
ec
ts

m
o
d
el
,h

o
w
ev

er
,n

o
st
at
em

en
t
co

n
ce
rn
in
g

po
te
nt
ia
la
d
ju
st
m
en

ts

Lo
w

Q
ua

lit
at
iv
e
st
ud

ie
s

A
ut
ho

r
(y
ea

r/

m
o
nt
h)

St
ud

ie
d

co
un

tr
ie
s

O
ut
co

m
e

C
o
m
pa

ri
so

ns

St
ud

ie
s

(n
)

Sa
m
pl
e

si
ze

(n
)

Fi
nd

in
gs

Q
u
al
it
at
iv
e

ap
p
ra
is
al

(A
M
ST

A
R
-2
)

T
am

ar
a
et

al
.3
8

(2
0
2
0
/M

ay
)

C
hi
na

U
SA

F
ra
nc

e

H
o
sp
.

IM
V

SO

O
be

si
ty

vs
.

no
rm

o
-
an

d

o
ve

rw
ei
gh

t

3
8
0
6

O
be

si
ty

is
pr
o
cl
ai
m
ed

as
an

in
de

pe
nd

en
t
ri
sk

fa
ct
o
r
fo
r
th
e
re
qu

ir
em

en
t
o
f
ad

va
n
ce
d
m
ed

ic
al
tr
ea

tm
en

t
d
u
e

to
C
O
V
ID

-1
9

T
hi
s
de

cl
ar
at
io
n
is
sy
nt
he

si
ze
d
as

th
e
ra
te

o
f
ho

sp
it
al
iz
at
io
n
in

in
d
iv
id
u
al
s
w
it
h
o
b
es
it
y
is
in
cr
ea

se
d
—

es
pe

ci
al
ly

th
o
se

yo
un

ge
r
th
an

6
0
ye

ar
s
o
ld
.C

o
m
pa

ri
ng

pa
ti
en

ts
ex

p
er
ie
n
ci
n
g
o
b
es
it
y
G
ra
d
e
Ia

n
d
II
to

no
rm

o
-
o
r
o
ve

rw
ei
gh

t
pa

ti
en

ts
,t
he

ri
sk

o
f
re
ce
iv
in
g
cr
it
ic
al
ca
re

(in
cl
u
d
in
g
IM

V
[o
n
ly

G
ra
d
e
II
o
b
es
it
y]
)i
s

in
cr
ea

se
d

M
o
d
er
at
e

P
er
es

et
al
.3
9

(2
0
2
0
/A

ug
)

U
SA

:4

C
hi
na

:3

F
ra
nc

e

M
ex

ic
o

H
o
sp
.

IC
U

SO M
o
rt
al
it
y

W
it
ho

ut
o
be

si
ty

9
1
7
5
6
8

O
be

si
ty

is
pr
o
po

se
d
as

a
lik
el
y
ri
sk

fa
ct
o
r
fo
r
ex

pe
ri
en

ci
ng

po
o
r
o
u
tc
o
m
e
in

p
at
ie
n
ts

w
it
h
C
O
V
ID

-1
9

T
hi
s
is
sy
nt
he

si
ze
d
as

th
e
pr
ev

al
en

ce
o
f
ch

ro
ni
c
di
se
as
es

in
cl
ud

in
g
o
b
es
it
y
is
h
ig
h
er

in
in
d
iv
id
u
al
s
re
q
u
ir
in
g

ho
sp
it
al
iz
at
io
n
es
pe

ci
al
ly

th
o
se

yo
un

ge
r
th
an

6
0
ye

ar
s
o
ld

w
it
h
o
b
es
it
y;

o
f
th
es
e
h
o
sp
it
al
iz
ed

p
at
ie
n
ts

th
e

o
ne

s
ad

m
it
te
d
to

th
e
IC
U
si
gn

if
ic
an

tl
y
pr
es
en

ts
a
hi
gh

er
B
M
I

F
in
al
ly
,p

at
ie
nt
s
w
it
h
o
be

si
ty

an
d
o
th
er

co
nc

ur
re
nt

ch
ro
ni
c
di
se
as
es

(e
.g
.,
N
A
LF

D
,d

ia
b
et
es
,c
ar
d
io
va
sc
u
la
r

di
se
as
es
,a
st
hm

a,
hy

pe
rt
en

si
o
n)

se
em

to
ex

pe
ri
en

ce
hi
gh

er
ra
te
s
o
f
h
o
sp
it
al
iz
at
io
n
,I
M
V
as

w
el
la
s

m
o
rt
al
it
y

M
o
d
er
at
e

N
ot
e:
St
ud

ie
s
by

P
o
ly
et

al
.,
N
o
o
r
et

al
.,
Sa

le
s-
P
er
es

et
al
.,
an

d
Se

id
u
et

al
.r
ep

o
rt
ed

ef
fe
ct

es
ti
m
at
es

as
ri
sk

ra
ti
o
s
(R
R
).
A
ll
o
th
er

qu
an

ti
ta
ti
ve

st
ud

ie
s
re
po

rt
ed

o
d
d
s
ra
ti
o
s
(O

R
).
Q
u
al
it
at
iv
e
ap

p
ra
is
al
:C

ri
ti
ca
lly

lo
w
:M

o
re

th
an

o
n
e

cr
it
ic
al
fl
aw

;L
o
w
:O

ne
cr
it
ic
al
fl
aw

;M
o
de

ra
te
:M

o
re

th
an

o
ne

no
nc

ri
ti
ca
lw

ea
kn

es
s;
H
ig
h:

N
o
o
r
o
ne

no
nc

ri
ti
ca
lw

ea
kn

es
s.

A
bb

re
vi
at
io
ns
:C

K
D
,c
hr
o
ni
c
ki
dn

ey
di
se
as
e;

C
O
P
D
,c
hr
o
ni
c
o
bs
tr
uc

ti
ve

pu
lm

o
na

ry
di
se
as
e;

C
V
D
,c
ar
di
o
va
sc
ul
ar

di
se
as
e;

H
o
sp
.,
ho

sp
it
al
iz
at
io
n;

N
A
,n

o
t
av
ai
la
b
le
;S

O
,‘
Se

ve
re

o
u
tc
o
m
e’

([
co

m
p
o
si
te

o
u
tc
o
m
e
co

n
si
st
in
g
o
f

W
H
O
-d
ef
in
ed

se
ve

ri
ty

4
0
in
cl
.I
C
U
,I
M
V
an

d
m
o
rt
al
it
y]
).

a C
O
P
D
,a
st
hm

a,
in
te
rs
ti
ti
al
lu
ng

di
se
as
e
an

d
pu

lm
o
na

ry
hy

pe
rt
en

st
io
n.

b
H
ea

rt
fa
ilu

re
,c
o
ro
na

ry
ar
te
ry

di
se
as
e
an

d
ca
rd
io
m
yo

pa
th
y.

KRISTENSEN ET AL. 7 of 15



hospitalization in individuals with obesity compared to individuals

without obesity following SARS-CoV-2 infection (Figure 2A). Only the

study by Helvaci et al.19 reported a nonsignificant OR of 1.30, how-

ever, the confidence interval showed a near significant finding (95%

confidence interval [CI]: 1.00–1.69). The two studies without meta-

analysis38,39 provided concordant qualitative conclusions.

Yang et al.27 compared different BMI intervals to BMI < 25 kg/m2

suggesting the OR for hospitalization increased gradually with incr-

easing BMI: 25 kg/m2 ≤ BMI <30 kg/m2, OR: 1.30 (95% CI: 1.09–1.57);

30 kg/m2 ≤ BMI <40 kg/m2, OR: 2.09 (95% CI: 1.34–3.26); BMI

≥40 kg/m2, OR: 2.76 (95% CI: 1.76–4.32).

This, however, was in contrast to the study of Yang et al.24 who

found no association between hospitalization and the BMI interval of 30–

34.9 kg/m2 compared to BMI < 25 kg/m2, OR: 1.10 (95% CI: 0.88–1.37).

4.5 | ICU

Eleven studies investigated the association between obesity and

ICU admission14,17,19,20,22,24,25,27,30,33,39 among SARS-CoV-2

positive individuals and 10 studies provided a meta-

analysis.14,17,19,20,22,24,25,27,30,33 Peres et al.39 concluded that individ-

uals with obesity experienced an increased risk of ICU admission com-

pared to individuals without obesity, however, they did not provide a

meta-analysis to support their findings.

Eight of the 10 meta-analyses reported significant ORs of ICU

admission when comparing individuals with obesity to individuals

without obesity14,17,19,20,24,25,27,30 ranging from 1.3024 to 2.3230

(Figure 2B).

Although Ho et al.22 and Földi et al.33 reported an OR > 1, their

findings were considered nonsignificant (95% CI: 0.99–1.58; 1.00–

1.46, respectively). Despite this, Ho et al.22 did report a significant

mean difference in BMI of 2.32 kg/m2 (95% CI: 1.04–3.60, p < .001)

comparing the ICU to the non-ICU group.

Deng et al.20 used the generalized least square method to deter-

mine that the OR for ICU admission increased in a dose–response

manner meaning for each rise in BMI of 5 kg/m2, the OR for ICU

admission increased by 20%, OR: 1.20 (95% CI: 1.11–1.30), when

comparing individuals with obesity to individuals without obesity.

Yang et al.24 reported similar results for ICU admission, demon-

strating increasing ORs with increasing BMIs compared to

BMI < 30 kg/m2: ≥30 kg/m2, OR: 1.30 (95% CI: 1.21–1.40); ≥35 kg/

m2, OR: 1.86 (95% CI: 1.31–2.63); ≥40 kg/m2, OR: 1.96 (95% CI:

1.27–3.02).

4.6 | IMV

Eleven studies focused on the need for IMV in relation to SARS-

CoV-2 infected individuals with obesity.14,17,19,20,24,25,27,30,33,35,38 All

studies except one provided a meta-analysis38 but all reported a posi-

tive association between individuals with obesity and COVID-19 and

the need for IMV. Five of the ORs even identified at least a twofold

increase of the OR.14,25,30,33,35 Overall, the ORs ranged from 1.4727

TABLE 2 Visual summarization of evidence from quantitative and qualitative research syntheses
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to 2.6330 considering the unfavourable outcome of the need for IMV

(Figure 2C).

Only two studies presented heterogeneity of high value25,30

(50% ≤ I2 < 75%51) whilst the rest were characterized as either moder-

ate14,24,33 (25% ≤ I2 < 50%51) or low27 (0% < I2 < 25%51) if heteroge-

neity was described at all.20,35 Zhang et al.17 did not provide any

estimate of heterogeneity. These levels of heterogeneity for the

IMV-meta-analysis represent the lowest for all the five outcomes

(hospitalization, ICU, IMV, ‘severe outcome’ and mortality) describing

COVID-19 severity (Table 1).

Four studies further quantified the relationship between an ele-

vated BMI and the increased OR for IMV.20,24,27,33 Yang et al.,24 Yang

et al.,27 and Földi et al.33 all compared different BMI ranges of BMIs

≥25 kg/m2 to individuals with BMI <25 kg/m2. They all found similar

trends that increasing levels of BMI increased the OR for the need for

IMV. The data is shown in Table S4 and visually illustrated in

F IGURE 2 Forest plot summarizing
the association between obesity and the
risk of hospitalization (A), risk of
admission to intensive care unit (B) and
risk of receiving invasive mechanical
ventilation (C). Yang Jiao compared
BMI ≥ 30 kg/m2 to BMI < 25 kg/m2; all
others compared obesity to without
obesity
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Figure S1. It should be noted that 11 of 21 primary studies used in

the subgroup analyses in the four secondary studies20,24,27,33 were

used ≥2 times.

Deng et al.20 even further elaborated this association by using the

generalized least square method to develop a model showing that for

every 5 kg/m2 increment in BMI the OR for the need for IMV

increased by 16%, OR: 1.16 (95% CI: 1.10–1.23), when comparing

individuals with obesity to individuals without obesity.

4.7 | ‘Severe outcome’

‘Severe outcome’ is a composite outcome as the definition of severe

COVID-19 varied among the studies depending on the reports by the

primary studies.

Some studies used the definition of severe disease as presented

in the Report of the WHO-China Joint Mission on Coronavirus Dis-

ease 2019 (COVID-19)52 but did not differentiate between severe or

critical disease.22,25,32,39 Others extended the definition to include

admission to ICU and/or IMV16,17,20,28,30,34,37,38 and/or mortal-

ity.14,21,29 Only two studies31,36 did not elaborate their definition of

severe COVID-19.

In total, 17 studies evaluated the possible link between obesity

and severe outcome of COVID-19.14,16,17,20–22,25,28–32,34,36–39

Tamara et al.38 and Peres et al.39 did not provide a meta-analysis,

however, both studies reported an increased risk for a ‘severe out-

come’ for individuals with obesity compared to individuals without

obesity. Both studies referred to the study by Lighter et al.53

that examined the association between age (< or ≥60 years)

and obesity grade I (30 kg/m2 ≤ BMI < 35 kg/m2) and obesity

grade II (35 kg/m2 ≤ BMI < 40 kg/m2) compared to individuals with

BMI < 30 kg/m2, respectively, and the risk of being admitted to an

ICU as a measure of ‘severe outcome’. In this study only the individ-

uals aged <60 years with obesity grade I and II experienced a signifi-

cant increased risk of being admitted to an ICU compared to

individuals <60 years with BMI <30 kg/m2.

Of the other 14 studies providing a meta-analysis, only Figliozzi

et al.36 and Sales-Peres et al.31 disagreed with this conclusion as they

did not find individuals with obesity compared to individuals without

obesity of being at increased risk of a severe outcome of COVID-19:

OR: 2.28 (95% CI: 0.76–6.90) and risk ratio (RR): 1.40 (95% CI: 0.91–

2.17), respectively.

Overall, the significant ORs or RRs for ‘severe outcome’ of

COVID-19 in individuals with obesity compared to individuals without

obesity ranged between 1.6214 and 4.3125 with nine studies reporting

ORs >2.0,16,17,21,22,25,29,30,34,37 but only Chu et al.25 described the

association to be significantly greater than 2.0, OR: 4.31 (95% CI:

2.42–7.65) (Figure 3).

Pranata et al.32 found that the severity of COVID-19 acted in a

dose-dependent manner in parallel to an augmented outcome. Using

BMI 20 kg/m2 as reference, Pranata et al.32 found the increasing ORs as

follows: BMI 25 kg/m2, OR: 1.02 (95% CI: 0.99–1.05); BMI 30 kg/m2,

OR: 1.09 (95% CI: 1.04–1.15); BMI 35 kg/m2, OR: 1.28 (95% CI: 1.17–

1.41); BMI 40 kg/m2, OR: 1.61 (95% CI: 1.31–1.97). The association was

described as linear with an increasing OR of 1.05 (95% CI: 1.03–1.08)

for each BMI increment of 5 kg/m2. The linearity only persisted until

BMIs of 30–35 kg/m2 after which, the curve (association) steepened.

Seidu et al.34 confirmed this association as they compared BMIs

≥25 and >35 kg/m2 to BMI <25 kg/m2 and reported RRs of 2.35 (95%

CI: 1.43–3.86) and 3.76 (95% CI: 1.97–7.16), respectively.

Four studies stratified individuals with obesity by age.25,34,38,39

Among younger individuals (mean age < 60 years) Chu et al.25 esti-

mated an OR for a severe outcome for individuals with obesity com-

pared to individuals without obesity to be OR: 3.30 (95% CI: 2.13–

5.10). In contrast, the same association for individuals with a mean

age ≥ 60 years displayed a statistically significant lower OR: 1.72

(95% CI: 1.40–2.11).

Seidu et al.34 provided a similar analysis as they also divided their

individuals by the mean age <60 and ≥60 years. However, their find-

ings contrasted the ones by Chu et al.,25 as Seidu et al.34 estimated

the strongest association between ‘severe outcome’ and

BMI ≥ 25 kg/m2 versus BMI < 25 kg/m2 to be among the older group,

RR: 3.41 (95% CI: 2.28–5.09), whilst no such link was found for the

younger group, RR: 1.47 (95% CI: 0.90–2.40).

4.8 | Mortality

The most detrimental outcome of COVID-19 is death. Twenty-one

studies reported on the association between death in relation to SARS-

CoV-2 infection and obesity and/or overweight.13–15,17–30,32,34,37,39

Fourteen studies found an association between mortality in rela-

tion to COVID-1913–15,18,21,22,24,26–28,30,32,34,39 and overweight

and/or obesity versus BMI < 25 kg/m2 without obesity, and seven

studies found no such association.17,19,20,23,25,29,37

Twelve of the 13 studies provided a meta-analysis with ORs or

RRs ranging between 1.1427 to 3.3428 when comparing individuals

with obesity to individuals without obesity (Figure 4).

Comparing individuals with a BMI ≥25 kg/m2 to individuals with a

BMI <25 kg/m2, Seidu et al.34 found an RR of 3.52 (95% CI:

1.32–9.42).

Despite nonsignificant ORs reported by seven stud-

ies17,19,20,23,25,29,37 it should be noted that only two studies17,25

reported an OR < 1.0 and the study by Zhou et al.37 provided a near

significant positive association (OR: 1.15 [95% CI: 0.98–1.34]).

A subgroup analysis, comparing mortality of different BMI inter-

vals to BMI <25 kg/m2 were conducted by both Yang et al.24 and

Yang et al.27 These results are presented in Table S5 suggesting that

only individuals with BMI ≥40 kg/m2 experienced a significant

increased mortality after a SARS-CoV-2 infection. However, when

using BMI <30 kg/m2 as reference, Yang et al.24 found a dose–

response relationship: BMI ≥30 kg/m2, OR: 1.65 (95% CI: 1.21–2.25);

35 kg/m2 ≤ BMI <40 kg/m2, OR: 1.91 (95% CI: 1.04–3.49); BMI

≥40 kg/m2, OR: 1.71 (95% CI: 1.32–2.22).

Du et al.28 performed a dose–response meta-analysis regarding

the association between mortality and obesity and reported a linear
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association (pnonlinearity = .12) with a risk of 6% for each 1 kg/m2

increase in BMI (OR: 1.06 [95% CI: 1.02–1.10]). This is in contrast to

the study by Deng et al.20 as they reported a possible nonlinear asso-

ciation (pnonlinearity < .05), however, a possible association was not

reported (OR: 0.96 [95% CI: 0.83–1.11]).

Mesas et al.23 stratified SARS-CoV-2 positive individuals by age

>60 or ≤60 years and investigated the risk of dying by comparing indi-

viduals with obesity to individuals without obesity. However, they

only reported nonsignificant findings (age > 60 years: OR: 0.90 [95%

CI: 0.67–1.20]; age ≤ 60 years: OR: 1.62 [95% CI: 0.92–2.83]).

Despite the nonsignificant finding the effect estimates seem to trend

towards individuals with obesity younger than 60 years are at

increased risk of dying following SARS-CoV-2 infection.

5 | DISCUSSION

By comparing individuals with overweight and obesity to individuals

without overweight and obesity, we found in this updated umbrella

review that overweight, and obesity augmented disease progression of

COVID-19 with increased hospitalization, ICU admission, need for IMV

and the composite outcome of ‘severe outcome’. Fourteen of 21 studies

reported an association between obesity and increased mortality, with

some studies24,27,28 reporting a dose–response relationship between

the two. However, since seven of the included studies found no rela-

tionship, further investigations are required to clarify if a possible associ-

ation exists between obesity and death due to COVID-19.

The ongoing COVID-19 pandemic pose a challenge to the limited

medical resources54 in the healthcare system and may force clinicians

to prioritize the access to medical services for the most vulnerable

patient groups. Possibly, COVID-19 patients with overweight and

obesity admitted to the hospital should be prioritized compared to

COVID-19 patients with normal body weight. However, it is impor-

tant to note that only the most affected individuals will be admitted

to the hospital and all the effect estimates presented throughout this

paper should be reserved for these patients. In general, only 0.2% of

all SARS-CoV-2 positive individuals are hospitalized.55 Nevertheless,

as stated earlier individuals with overweight and/or obesity are more

prone to hospitalization as compared to individuals without over-

weight and/or obesity.

Concerning the mortality, an insufficient power among some of

the primary studies may distort the reported association resulting in

an underestimation of the reported effect. Multiple of greatly used

primary studies included a small number of individuals and an even

smaller number of individuals with obesity.56–58 For instance, the

study by Ong et al.56 was a minor study with just 91 patients, in which

only four individuals died (three with BMI <25 kg/m2; one with BMI

≥25 kg/m2). Halvatsiotis et al.58 reported 26 deaths (14 without obe-

sity; 12 with obesity) among only 90 ICU-hospitalized individuals with

COVID-19, however, possibly due to the lack of power, the associa-

tion between obesity and death due to COVID-19 was found nonsig-

nificant (p = .08). In comparison, the primary study by Gao et al.55

utilizing data from more than 6.9 million patients reported a 4%

increase in mortality for each increment in BMI above 23 kg/m2.

F IGURE 3 Forest plot summarizing
the association between obesity and the
risk of the composite outcome ‘severe
outcome’. Booth compared severe
obesity to without severe obesity; Du
compared BMI ≥ 30 kg/m2 to
BMI < 30 kg/m2; Seidu 1 compared
BMI > 35 kg/m2 to BMI < 25 kg/m2;
Seidu 2 compared BMI≥25 kg/m2 to

BMI < 25 kg/m2; all others compared
obesity to without obesity. Seidu 1, Seidu
2, and Sales-Peres reported effect
estimates as risk ratios (RR); all others
reported odds ratios (OR)
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Few studies provided a stratified analysis on the association

between disease progression and age.23,25,34,38,39 Of these, three

found disease progression to be greatest among the younger

(<60 years) individuals25,38,39 when comparing individuals with obe-

sity to individuals without obesity, whilst another study reported the

strongest association among the older (≥60 years) individuals,34 and a

fifth study did not find any significant associations when stratifying

individuals by age.23

Despite the secondary literature reporting diverging results con-

cerning the role of obesity in relation to disease severity and age, pri-

mary studies with great n numbers (i.e., >100.000) may provide

evidence for an increased risk associated with overweight or obesity.

The primary study by Kompaniyets et al.59 found that in 148 494

SARS-CoV-2 infected adults from 238 U.S. hospitals that younger

individuals (<65 years) with obesity were at a relatively higher risk

of severe disease than their older counterparts (≥65 years) when

comparing to individuals with normal weight. Concerning the risk of

hospitalization and death, the younger individuals needed a BMI of

25–29.9 and 35–39.9 kg/m2 to reach significant ORs, OR: 1.07 (95%

CI: 1.03–1.10) and OR: 1.31 (95% CI: 1.08–1.59), whilst the older

group needed a BMI of 40–44.9 kg/m2 on both occasions, OR: 1.04

(95% CI: 1.01–1.07) and OR: 1.19 (95% CI: 1.06–1.33). Gao et al.55

provided similar findings as they reported significantly higher hazard

ratios (HRs) for SARS-CoV-2 positive individuals aged 20–39 years

versus aged >60 years concerning hospitalization, ICU admission and

death after adjustments for various comorbidities, HRHosp. 20–39: 1.09

(95% CI: 1.08–1.10) versus HRHosp. 60–79: 1.04 (95% CI: 1.03–1.05),

HRICU 20–39: 1.13 (95% CI: 1.11–1.16) versus. HRICU 60–79: 1.05 (95%

CI: 1.04–1.07), HRDeath 20–39: 1.17 (95% CI: 1.11–1.23) versus

HRDeath 60–79: 1.03 (95% CI: 1.02–1.04), meaning that at any given

time after exposure to SARS-CoV-2, an event (hospital admission,

admission to ICU or death) is more likely occur in the younger group

comparing individuals with obesity to individuals without obesity as

compared to the older group. Such findings were somewhat in line

with Chu et al.25 and contrasting Seidu et al.34 Both Gao et al.55 and

Chu et al.25 adjusted their findings for various comorbidities whilst

Seidu et al.34 did not follow the same stringent methodology, as they

only reported an increased risk of ‘severe outcome’ concerning BMI

≥25 kg/m2 versus BMI <25 kg/m2 among individuals >60 years

exploiting both nonspecified adjusted estimates as well as unadjusted

F IGURE 4 Forest plot summarizing
the association between obesity and
mortality. Du, Li, and Yang compared
BMI ≥30 kg/m2 to BMI < 30 kg/m2; Seidu
compared BMI ≥ 25 kg/m2 to
BMI < 25 kg/m2. All others compared
obesity to without obesity. Seidu, Noor,
and Poly reported effect estimates as risk
ratios (RR); all others reported odds

ratios (OR)
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estimates in their meta-analysis. Maybe this discrepancy in relation to

age and disease severity can be explained merely by differences in the

adjustments in the meta-analyses.

Regarding the risk of IMV, Kompaniyets et al.59 found no differ-

ences between the different age groups suggesting that the primary

contributor to the risk of IMV might be the mechanical compression

of lungs forced by a high bodyweight.60,61 It should be noted that

once exposed to IMV, BMI might not be associated to death due to

COVID-19.62 This was demonstrated in a prospective multicentre

study,63 reporting BMI >40 kg/m2 to be associated with increased

mortality following SARS-CoV-2 infection and ICU admission (OR:

1.51 [95% CI: 1.01–2.25]). However, when exposed to IMV on Day

1 of ICU admission the association attenuated (OR: 1.13 [95% CI:

0.69–1.82]). Such result may indicate a relative protective effect of

IMV in individuals with obesity, but selection bias is highly likely to

influence the result. In this observational study clinicians used IMV

based on their clinical experience rather than randomization. Maybe

clinicians are more likely to use IMV in individuals with overweight

and obesity earlier than in other patients.

Schwarzbach et al.64 recently published a study looking at numer-

ous pre-existing health conditions, including overweight and obesity,

and severe COVID-19 outcomes. Like our study, they used the

umbrella review approach summarizing the available evidence as of

11 December 2020. In total, Schwarzbach et al.64 identified 13 sys-

tematic reviews exploiting 52 unique primary studies evaluating the

possible association of severe COVID-19 and excess bodyweight.

Schwarzbach et al.64 re-evaluated the primary studies and reported

pooled effect estimates stratified for studied geographical region. In

support of our findings, they also reported an increased risk of severe

COVID-19 outcomes when exposed to obesity compared to normal

weight, however, methodological differences among the primary stud-

ies hindered the comparability resulting in some of the effect esti-

mates to be based on only few primary studies.

In total, we identified 27 systematic reviews which included

260 unique primary studies. This suggests that a considerable amount

of literature was published after the study by Schwarzbach et al,64

hence the need for an update on the association between overweight

and obesity and a severe COVID-19 outcome. Despite not presenting

pooled effect estimates, we believe our paper provides an updated

summarization on the evidence solely dedicated to the association

between excess bodyweight and a severe COVID-19 outcome as

presented by Schwarzbach et al.64

Various mechanisms may explain the possible increased risk of

severe disease in individuals with obesity following SARS-CoV-

2-infection. First, the combination of obesity-induced chronic low-

grade inflammation65,66 and the subsequent dysfunctional immune

system67 may represent optimal conditions for a ‘cytokine storm’.
Second, the abundance of the ACE-2-receptor, facilitating SARS-

CoV-2 cell entry, in the alveolar epithelial tissue may cause respiratory

failure to COVID-19, however, ACE-2 is also well represented in vis-

ceral adipose tissue (VAT). Following the increasing levels of VAT par-

alleling the increasing levels of BMI,68 individuals with obesity maybe

represent a better reservoir for the SARS-CoV-2 during secondary

viremia than lean individuals. Third, individuals with obesity may be

more vulnerable than individuals with normal weight to respiratory

diseases as obesity itself results in mechanical alterations in the

motion of breathing: Decreased compliance of the chest wall,60

increased airway resistance61 and decreasing various lung volumes.40

The obesity-induced extraordinary load to the respiratory system on

top of a possible exposition to enhanced viral load during secondary

viremia and impaired immune response may contribute to individuals

with obesity experiencing a more severe course of disease than indi-

viduals without obesity.

5.1 | Limitations

This paper has several limitations. First, by exploiting previously publi-

shed systematic reviews this umbrella review was influenced by a

considerable amount of overlapping data resulting in somewhat con-

cordant findings among the systematic reviews. Hereby, we could not

generate a pooled effect estimate for any of the five outcomes. On

average each primary study was used 2.33 times. The abundant over-

lapping data should be kept in mind when comparing systematic

reviews on the topic of obesity and COVID-19. Hence, future second-

ary studies should include enough ‘newer’ primary studies for the

possibility of reaching new conclusions.

Second, is the lack of comparability among primary studies, hence

secondary studies as well, observed as levels of I2 (Table 1). The high

levels of heterogeneity were listed as the reason for the two qualita-

tive studies to refrain from quantitative deductions.38,39

Third, no study restricted the group of reference to individuals with

normal weight only. The most commonly used comparator group was

individuals without obesity (BMI <30 kg/m2 for non-Asian individuals

and BMI <28 kg/m2 for Asian individuals10). This group of reference

also included individuals with underweight (i.e., BMI < 18.5 kg/m2)

which diminished the reported associations as individuals with under-

weight previously has been reported to experience a worse prognosis

following SARS-CoV-2 infection compared to individuals with normal

weight.55,59,69 Therefore, we could not use individuals with normal

weight as comparator as stated in the PICO question. Future studies

should exclude underweight individuals when assessing the role of

obesity in relation to COVID-19 outcomes.

Lastly, the study quality among the systematic reviews varied greatly

according to AMSTAR-2. The key limitation was the lack of a prespecified

protocol before conducting the study17,18,20,21,24–26,28,30,32,35,41–45,47,48,50

(Item no. 2). This, however, might be considered as a downside

but was probably and understandably due to the urgent need to

understand and manoeuvre the COVID-19 pandemic. Table S3

shows the full results of the AMSTAR-2 appraisal.

6 | CONCLUSION

In conclusion, this updated umbrella review provides an overview of

the available secondary literature summarizing that individuals with
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obesity compared to individuals without obesity experience an

increased risk of COVID-19 severity measured as hospitalization,

ICU admission, need for IMV, as well as the composite outcome

‘severe outcome’. Overall, the data also seem to trend towards obe-

sity acting as an individual risk factor for death due to COVID-19. In

addition, obesity might affect the COVID-19 disease course in a

dose–response manner with an incremental effect particularly seen

among individuals younger than 60 years compared to individuals

≥60 years.
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