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Abstract
Weight bias and stigma have limited the awareness of the systemic consequences related to obesity. As the narrative evolves, 
obesity is emerging as a driver and enhancer of many pathological conditions. Among these, the risk of venous thromboem-
bolism (VTE) is a critical concern linked to obesity, ranking as the third most common cardiovascular condition. Obesity 
is recognized as a multifactorial risk factor for VTE, influenced by genetic, demographic, behavioral, and socio-economic 
conditions. Despite established links, the exact incidence of obesity related VTE in the general population remains largely 
unknown. The complexity of distinguishing between provoked and unprovoked VTE, coupled with gaps in obesity definition 
and assessment still complicates a tailored risk assessment of VTE risk. Obesity reactivity, hypercoagulability, and endothe-
lial dysfunction are driven by the so-called ‘adiposopathy’. This state of chronic inflammation and metabolic disturbance 
amplifies thrombin generation and alters endothelial function, promoting a pro-thrombotic environment. Additionally, the 
inflammation-induced clot formation—also referred to as ‘immunothrombosis’ further exacerbates VTE risk in people living 
with obesity. Furthermore, current evidence highlights significant gaps in the management of obesity related VTE, particu-
larly concerning prophylaxis and treatment efficacy of anticoagulants in people living with obesity. This review underscores 
the need for tailored therapeutic approaches and well-designed clinical trials to address the unique challenges posed by obesity 
in VTE prevention and management. Advanced research and innovative strategies are imperative to improve outcomes and 
reduce the burden of VTE in people living with obesity.
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Introduction

Weight bias and stigma have affected people living with obe-
sity and their lifespan for decades [1]. The increasing aware-
ness of the obesity pandemic is now changing its narrative 
and now recognizes different and specific clinical needs 
to be addressed. Obesity is a complex and heterogeneous 
disease associated with important health issues, not limited 
to the cardiovascular (CV) system. Dealing with them is 
becoming a medical subspecialty requiring new knowledge 
and different approaches [2]. Among these issues, venous 

thromboembolism (VTE), including deep vein thrombosis 
(DVT) and pulmonary embolism (PE), is of epidemiological 
relevance. As the third most common CV disease, VTE car-
ries with it a substantial burden of death—around 20%—and 
short- and long-term complications related to both disease 
(e.g., recurrence, post-thrombotic syndrome) and treatment 
(i.e., major bleeding associated with anticoagulation treat-
ment) [3, 4]. Obesity is among the risk factors for VTE and 
contributes to its growing incidence linearly with increasing 
body mass index [5]. Obesity also encompasses a wide range 
of genetic, demographic behavioral and socio-economic 
conditions that further enhance the risk of VTE such as 
sedentariness, discrimination, limited access to healthcare 
[6]. Despite evidence of a causal relationship [7, 8], the 
incidence proportion of VTE related to the obesity in the 
general population is not clearly defined. Furthermore, clot 
biology changes between provoked and unprovoked VTE, a 
sometime elusive distinction that likely underestimates indi-
vidual risk. While the link between obesity and thrombosis 
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is long-time established on the arterial front, less is known 
on why and how VTE occurs more frequently in people liv-
ing with obesity. To address those questions is of paramount 
importance as their impact is not limited to the risk of VTE 
but also concerns its recurrence and risk related to blood 
thinners. This narrative review has been then designed to 
update the current knowledge of VTE applied to people liv-
ing with obesity, spanning from their increased risk to the 
issue related to anticoagulant therapy.

What is known and what is new 
about the link between obesity, platelet 
activity, and hypercoagulability: lessons 
of atherothrombosis

Whatever defined, obesity represents an established risk fac-
tor for arterial thrombosis, both in coronary and peripheral 
settings. In the mainstream view of metabolic syndrome 
(MetS), clustering obesity with other established cardiovas-
cular risk factors would confer a synergistic atherothrom-
botic risk that encompasses plaque development, progres-
sion, and vulnerability until clot formation and density [9]. 
Large studies and meta-analyses clearly address the athero-
thrombotic risk related to obesity [10–14] and emphasize the 
benefits of tackling it [15–18]. With the rise of the ‘residual 
cardiovascular risk’ paradigm, obesity has become a risk 
factor in its own right. The pathogenic potential of excess 
body fat is indeed conditioned on its visceral extent and dys-
function, the latter defined by inflammation, insulin resist-
ance, and ectopic fat deposition [19]. Those central tenets—
also known as ‘adiposopathy’—are all promoters of platelet 
hyperactivity/dysfunction and an hypercoagulation state.

Platelet activity

Platelet reactivity indeed increases with the extent of vis-
ceral adiposity [9, 20–24]. All central tenets of adiposopa-
thy contribute to this effect by increasing cytosolic Ca2+ 
concentrations, the production of thromboxane A2 (TxA2) 
from arachidonic acid [25], and the surface expression of 
P-selectin and glycoprotein IIb/IIIa, along with a greater 
resistance to nitric oxide (NO) and prostaglandin I2 [26, 
27]. Especially, insulin resistance seems implicated platelet 
hyper-reactivity, whereas weight loss/improvement of insu-
lin sensitivity have direct effects on the splicing of tissue fac-
tor (TF). Additional effects on platelet have been described 
for hypertriglyceridemia and low levels of high-density lipo-
proteins [28]. The excess of lipid peroxidation upregulates 
the generation of TxA2 and stimulates platelet aggregation. 
Adipokines imbalance (i.e., adiponectin/leptin ratio) and 

pro-inflammatory environment directly alter platelet func-
tion as well. They are associated with high surface expres-
sion and circulating levels of the CD40 ligand. These effects 
may also extend beyond circulating platelet and affect their 
transcriptome directly within megakaryocytes [29–33]. Not 
surprisingly, weight loss has recently been hypothesized as 
modifier of platelet count and function [34–36].

Hypercoagulation state

Furthermore, the atherothrombotic risk associated with 
obesity and insulin resistance is linked to a hypercoagula-
ble state. The thrombin generation potential significantly 
increases with visceral adiposity and insulin resistance, 
while it decreases with weight loss in people with severe 
obesity and with treatment using metformin [21, 37–39]. 
The up-regulation of the TF pathway has been widely 
observed because of higher plasma concentrations of FVII 
and increased levels of thrombin and thrombin–antithrombin 
(TAT) complexes. Several hormonal and metabolic changes 
characterizing obesity and insulin resistance are known 
modifiers of TF expression and activity. In the local micro-
environment of dysfunctional visceral adipose tissue (VAT), 
macrophage expression of TF—under the control of the toll-
like receptor-nuclear factor-κB (NF-κB)/Jun N-terminal 
kinase (JNK) cascade—is upregulated by lipolysis, imbal-
ance of adiponectin/leptin (i.e., low adiponectin and/or high 
leptin), and insulin resistance (this latter via phosphatidylin-
ositol 3-kinase [PI3K]) [40–43]. In turn, TF even contributes 
to the pathophysiology of obesity through coagulation-inde-
pendent mechanisms. Engineered mice lacking the TF cyto-
plasmic domain experience slower weight gain, increased 
energy expenditure, and improved glucose homeostasis [44]. 
Similarly, inhibiting the TF-FVIIa binding rapidly improves 
metabolism and fatty acid oxidation [45]. TF is also a known 
enhancer of adipose tissue inflammation and insulin resist-
ance. Within myeloid cells TF signaling contributes to the 
recruitment and/or retention of pro-inflammatory adipose 
tissue macrophages (ATMs) and their activation (i.e., polari-
zation toward the pro-inflammatory M1 phenotype) [21]. 
Specific deletion of TF cytoplasmic tail in murine myeloid 
cells indeed suppresses the production of pro-inflammatory 
molecules in response to a high-fat diet [44]. These changes 
have a limited effect on weight gain but markedly improve 
insulin resistance and hepatic steatosis. In this scenario, 
adipocyte–macrophage interactions seem necessary to acti-
vate pro-thrombotic responses in people living with obesity. 
While TF typically remains in a non-coagulant state within 
myeloid cells, it is rapidly activated via the P2X7 receptor 
in response to ATP and/or free fatty acids. As both ATP and 
free fatty acids are abundant in VAT, this environment may 
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be considered a source and repository for ‘pro-coagulant 
ATMs’, enhancers of the overall thrombotic risk [46]. Levels 
of fibrinogen, von Willebrand factor (vWF), and factors VII 
and VIII are also increased in patients living with obesity. 
While extravascular fibrin deposits are found in liver and 
dysfunctional VAT [47], higher plasma activity of clotting 
factors VII and VIII as well as increased plasma levels of 
fibrinogen and von Willebrand factor antigen are commonly 
found in patients with type 2 diabetes [48]. Beside the hyper-
coagulation state, dysfunctional VAT also associates with 
disturbances in the fibrinolytic system. Due to the increased 
release of PAI-1 and the thrombin activatable fibrinolysis 
inhibitor from liver and dysfunctional VAT, high-fat diet 
and obesity inhibit plasminogen activators (PAs) (e.g., t-PA 
and urokinase-type plasminogen activator) thus preventing 
clot dissolution [48, 49].

Obesity from athero‑ to venous thrombosis: 
the need for a pathophysiological 
reappraisal

Just as atherothrombosis extends beyond platelet involve-
ment, VTE is not merely a coagulation-dependent process. 
The current understanding suggests intertwined mechanisms 
across both sides of the vascular system [50]. From the semi-
nal meta-analysis by Ageno and co-workers, a large body 
of clinical evidence now supports a link between VTE and 
traditional cardiovascular risk factors with a prominent role 
of ‘adiposopathy’ (Table 1) [51–60].

While Virchow’s triad still provides a conceptual frame-
work, it is continuously reappraised [61]. Besides the above-
mentioned hypercoagulation state, both endothelial injury/
dysfunction and blood flow stasis are now joined by inflam-
mation in the so-called ‘immunothrombosis phenomenon’.

Blood flow stasis and endothelial injury

In the absence of any triggers, reduced and/or perturbed 
blood flow becomes the leading cause of VTE. Flow sta-
sis may indeed overcome several regulatory circuits and 
trigger a signaling cascade converging on endothelial cell 
(EC) activation. The release and function of coagulation 
and fibrinolytic factors (e.g., thrombomodulin, protein C 
and protein S, thrombin and antithrombin activation, tissue 
factor pathway inhibitor, platelet activation and adhesion) 
are under endothelial control, which is highly dependent on 
NO production. When homeostasis is lost, NO concentra-
tions fall, and ECs activate. As an endothelium-coated elas-
tic vein valve model of DVT recently displayed, the release 

of vWF from Weibel–Palade bodies, critically contributes 
to the DVT initiation though an interaction with the GPIbα 
on platelet surface [62, 63]. This mechanism couples with an 
increased endothelial expression of adhesion molecules [64, 
65] and both intersect with a dysregulated pro-inflammatory 
cascade.

Besides the increase in intra-abdominal pressure and 
reduction of venous blood flow velocity induce the VAT 
excess [66], the extent of blood flow perturbation extends 
beyond a ‘mechanical’ contribution to VTE. While the uni-
directional laminar flow is detected by mechanoreceptors 
on ECs (e.g., cilia, glycocalyx, membrane receptors, and 
ion channels) and sustains elevated intracellular calcium 
and NO production via nuclear factor-E2-related factor 2 
(Nrf2), this effect is lost in flow stasis [67, 68]. In such con-
ditions, Nrf2 is suppressed alongside with cytoprotective 
enzymes, including heme-oxygenase 1 (HO-1) and superox-
ide dismutase (SOD). In this pro-oxidant microenvironment, 
the oxidation of thrombomodulin reduces its anticoagulant 
activity, whereas that of fibrinogens favors its conversion to 
fibrin, thus reducing its interaction with the anti-coagulant 
system [69, 70]. Alongside, a pathway-specific impairment 
in PI3K-dependent signaling characterizes insulin resistance 
and has long-time known to cause an imbalance between NO 
production and secretion of endothelin-1 [71]. Even leptin 
would be involved in the control of vascular tone by a some-
how paradoxical simultaneous release of NO opposing to a 
neurogenic pressor action [72].

However, the pathophysiology of endothelial dysfunc-
tion in obesity now recognizes an ever-broader number of 
causes. Single cell RNA-sequencing profiling is unraveling 
the role of ECs in the homeostasis of adipose tissue and 
how deep the changes are during the development of obesity 
[73–75]. When focused on VAT-restricted mice ECs, single 
nucleus RNA transcriptomic has recently displayed their 
lower expansion coupled with a differential gene expression 
that modify with obesity severity. Especially, hif1a and vegf 
emerge as critically modified genes, hallmarks of inflam-
matory, angiogenic response and ultimately thrombotic risk 
[75].

Outside the microenvironment of VAT, clinical interest 
in endothelial microvesicles (EMVs) has recently intensi-
fied given their link with obesity and the putative role in 
hemostasis and thrombosis [76]. EMVs are indeed released 
in response to pro-thrombotic stimuli and exert themselves 
pro-thrombotic activities in both arterial and venous sys-
tem. Once shed by activated/apoptotic cells (i.e., ECs 
but also platelet, neutrophil, monocyte, erythrocytes, and 
cancer cells), MVs contribute to the coagulation cascade 
through the exposure of phosphatidylserines, which pro-
motes the assembly of tenase (factors VIIIa, IXa, X) and 



	 Internal and Emergency Medicine

Ta
bl

e 
1  

L
ist

 o
f s

tu
di

es
 su

m
m

ar
iz

in
g 

th
e 

ris
k 

of
 v

en
ou

s t
hr

om
bo

em
bo

lis
m

 a
cc

or
di

ng
 w

ith
 e

st
ab

lis
he

d 
ca

rd
io

va
sc

ul
ar

 ri
sk

 fa
ct

or

A
ut

ho
r

Ye
ar

St
ud

y 
de

si
gn

 a
nd

 p
at

ie
nt

s
O

ut
co

m
e

Re
su

lts

A
ge

no
 W

 e
t a

l. 
[5

1]
20

07
M

et
a-

an
al

ys
is

 o
f 2

1 
pr

os
pe

ct
iv

e 
stu

di
es

(n
 =

 63
,5

52
)

A
ge

d <
 55

 y
ea

rs
 (n

. o
f s

tu
d-

ie
s =

 6)
, >

 45
 y

 (n
 =

 4)
 o

r r
an

gi
ng

 
42

–7
0 

ye
ar

s (
n =

 11
)

M
ed

ia
n 

FU
 5

.6
 to

 2
6y

B
ot

h 
se

xe
s (

n =
 10

), 
on

ly
 w

om
en

 (n
 =

 8)
 

or
 m

en
 (n

 =
 3)

B
M

I a
dd

re
ss

ed
 in

 1
5 

stu
di

es
 

(n
 =

 34
,8

03
)

O
B

 (p
re

va
le

nc
e 

8.
3%

 in
 c

as
es

 
vs

.3
.6

%
 in

 c
on

tro
ls

)
H

yp
er

te
ns

io
n

D
M

Sm
ok

in
g

H
yp

er
ch

ol
es

te
ro

le
m

ia

V
TE

 (n
 =

 31
,1

38
/3

66
5)

Th
e 

ris
k 

of
 V

TE
 w

as
 2

.3
3 

fo
r o

be
si

ty
 

(9
5%

 C
I 1

.6
8–

3.
24

), 
1.

51
 fo

r h
yp

er
te

n-
si

on
 (9

5%
 C

I 1
.2

3–
1.

85
), 

1.
42

 fo
r D

M
 

(9
5%

 C
I, 

1.
12

–1
.7

7)
 b

ut
 n

ot
 si

gn
ifi

ca
nt

 
fo

r s
m

ok
in

g 
an

d 
hy

pe
rc

ho
le

ste
ro

le
m

ia
. 

H
ow

ev
er

, w
he

n 
lo

w
er

-q
ua

lit
y 

ca
se

–c
on

-
tro

l s
tu

di
es

 w
er

e 
ex

cl
ud

ed
, t

he
re

 w
as

 
no

t a
ny

 st
at

ist
ic

al
 h

et
er

og
en

ei
ty

Li
nn

em
an

n 
B

. e
t a

l. 
[5

2]
Lu

xe
m

bo
ur

g 
B

. e
t a

l. 
[5

3]
20

08
20

09
C

as
e–

co
nt

ro
l f

ro
m

 M
A

IS
TH

RO
 

da
ta

ba
se

(n
 =

 10
06

)
M

ea
n 

ag
e 

43
.5

 y
ea

rs
M

ed
ia

n 
FU

 4
0 

m
on

th
s

M
en

/w
om

en
 4

24
/5

82

O
B

 (p
re

va
le

nc
e 

22
.7

%
)

M
al

e 
se

x
H

yp
er

te
ns

io
n

V
TE

 re
cu

rr
en

ce
 a

fte
r a

nt
ic

oa
gu

la
nt

 
di

sc
on

tin
ua

tio
n 

fo
r a

 fi
rs

t e
pi

so
de

 
(n

 =
 32

4)
Pr

ed
ic

tiv
e 

ro
le

 o
f fi

br
in

og
en

, F
V

II
I, 

an
d 

hs
-C

R
P

O
B

 d
id

 n
ot

 si
gn

ifi
ca

nt
ly

 in
cr

ea
se

 th
e 

ris
k 

of
 V

TE
 re

cu
rr

en
ce

 (R
R

 1
.1

 [9
5%

 C
I 

0.
85

–1
.4

2]
) a

s f
or

 m
al

e 
se

x 
(H

R
 1

.7
 

[1
.4

–2
1.

9]
) a

nd
 h

yp
er

te
ns

io
n 

(H
R

 1
.4

 
[1

.0
5–

1.
78

])
B

M
I w

as
 h

ig
he

r i
n 

un
pr

ov
ok

ed
 V

TE
 a

nd
 

as
so

ci
at

ed
 w

ith
 h

ig
h 

ci
rc

ul
at

in
g 

fib
rin

o-
ge

n 
(p

 <
 0.

00
1)

Tu
fa

no
 A

 e
t a

l. 
[5

4]
20

08
C

ro
ss

-s
ec

tio
na

l t
ria

l (
FA

ST
)

(n
 =

 15
,1

80
)

A
ge

d ≥
 18

 y
ea

rs
M

en
/w

om
en

 3
7.

2%
/6

2.
8%

O
B

D
M

Pr
ev

al
en

ce
 o

f r
ec

en
t V

TE
 (<

 1y
) 

(n
 =

 55
2)

O
B

 w
as

 th
e 

hi
gh

er
 p

re
va

le
nt

 ri
sk

 fa
ct

or
 

fo
r r

ec
en

t V
TE

 in
 m

an
 (O

R
 1

.9
7 

[9
5%

 
C

I 1
.4

0–
2.

78
])

 a
nd

 th
e 

se
co

nd
 o

ne
 in

 
w

om
en

 (O
R

 2
.2

9 
[9

5%
 C

I 1
.8

5–
8.

84
])

. 
A

 c
um

ul
at

iv
e 

eff
ec

t o
f m

ul
tip

le
 ri

sk
 

fa
ct

or
s d

et
ec

te
d 

a 
m

ul
tip

lic
at

iv
e 

fa
sh

io
n 

fo
r O

B
 a

nd
 d

ia
be

te
s

K
at

z 
M

ar
ce

lo
 e

t a
l. 

[5
5]

20
14

C
as

e 
co

nt
ro

l f
ro

m
 th

e 
N

AV
IG

A
TO

R
 

tri
al

(n
 =

 93
06

)
A

ge
d ≥

 55
 y

ea
rs

 o
r ≥

 55
 y

ea
rs

 w
ith

 
es

ta
bl

is
he

d 
C

V
D

m
en

/w
om

en
 4

59
5/

47
11

B
M

I (
m

ed
ia

n 
29

.7
 k

g/
m

2 )
W

C
 (m

ed
ia

n 
10

0 
cm

)
V

TE
 ri

sk
 in

 p
at

ie
nt

s w
ith

 IG
T 

(n
 =

 12
9)

B
ot

h 
W

C
 a

nd
 B

M
I w

er
e 

hi
gh

er
 in

 th
e 

V
TE

 g
ro

up
 (p

 <
 0.

00
1)

M
ah

m
oo

di
 B

K
 e

t a
l. 

[5
6]

20
17

M
et

a-
an

al
ys

is
 o

f 9
 p

ro
sp

ec
tiv

e 
stu

di
es

(n
 =

 24
4,

86
5)

M
ea

n 
ag

e 
49

–7
3y

FU
 4

.7
–1

9.
7y

B
ot

h 
se

xe
s (

n =
 8)

, o
nl

y 
w

om
en

 (n
 =

 1)

B
M

I (
m

ea
n 

25
.2

–2
9.

1 
kg

/m
2 )

H
yp

er
te

ns
io

n
D

M
D

ys
lip

id
em

ia

V
TE

 ri
sk

 (n
 =

 49
10

)
A

lth
ou

gh
 li

m
ite

d 
to

 a
dj

us
tm

en
t v

ar
ia

bl
e,

 
B

M
I (

bo
th

 c
at

eg
or

iz
ed

 a
nd

 c
on

tin
uo

us
) 

ov
er

ca
m

e 
th

e 
pr

ed
ic

tiv
e 

ab
ili

ty
 o

f o
th

er
 

es
ta

bl
is

he
d 

C
V

 ri
sk

 fa
ct

or
s l

ik
e 

hy
pe

r-
te

ns
io

n,
 d

ia
be

te
s, 

an
d 

dy
sl

ip
id

em
ia

G
ae

rtn
er

 S
 e

t a
l. 

[5
7]

20
18

C
as

e–
co

nt
ro

l d
at

a 
fro

m
 R

EM
O

TE
V

 
re

gi
str

y
(n

 =
 51

5)
M

ea
n 

ag
e 

64
 y

ea
rs

FU
 6

 m
on

th
s

M
an

 p
re

va
le

nc
e 

47
.4

%

O
W

 p
re

va
le

nc
e 

36
.9

%
O

B
 p

re
va

le
nc

e 
33

.2
D

M
A

ge

Pr
ov

ok
ed

/u
np

ro
vo

ke
d 

V
TE

 
(n

 =
 19

0/
32

5)
W

hi
le

 h
yp

er
te

ns
io

n 
(O

R
 1

.4
4,

 [9
5%

 C
I 

1.
01

–2
.0

6]
), 

di
ab

et
es

 (O
R

 2
.0

7,
 [9

5%
 

C
I: 

1.
25

–3
.5

5]
), 

an
d 

ag
e 

(O
R

 1
.9

4,
 

[9
5%

 C
I: 

1.
31

–2
.8

8]
) i

nc
re

as
e 

th
e 

ris
k 

of
 u

np
ro

vo
ke

d 
V

TE
, o

nl
y 

th
e 

as
so

ci
a-

tio
n 

w
ith

 O
B

 re
m

ai
ne

d 
si

gn
ifi

ca
nt

 a
t 

ad
ju

ste
d 

an
al

ys
is

 (O
R

 1
.8

 [9
5%

C
I 

1.
07

–3
.1

8]
)



Internal and Emergency Medicine	

Pu
bM

ed
 se

ar
ch

 (v
en

ou
s t

hr
om

bo
em

bo
lis

m
 [T

i])
 A

N
D

 (c
ar

di
ov

as
cu

la
r r

is
k 

[T
i])

FU
 fo

llo
w

/u
p,

 B
M

I 
bo

dy
 m

as
s 

in
de

x,
 D

M
 d

ia
be

te
s 

m
el

lit
us

, V
TE

 v
en

ou
s 

th
ro

m
bo

em
bo

lis
m

, O
B 

ob
es

ity
 (

de
fin

ed
 b

y 
B

M
I 

va
lu

es
 ≥

 30
 k

g/
m

2 ), 
O

R 
od

ds
 r

at
io

, C
I 

co
nfi

de
nc

e 
in

te
rv

al
, h

s-
C

RP
 

hi
gh

-s
en

si
tiv

ity
 C

-r
ea

ct
iv

e 
pr

ot
ei

n,
 R

R 
re

la
tiv

e 
ris

k,
 W

C
 w

ai
st 

ci
rc

um
fe

re
nc

e,
 C

VD
 c

ar
di

ov
as

cu
la

r d
is

ea
se

, C
V 

ca
rd

io
va

sc
ul

ar
, O

W
 o

ve
rw

ei
gh

t (
de

fin
ed

 b
y 

B
M

I v
al

ue
s 

of
 2

5–
29

.9
 k

g/
m

2 ), 
W

H
R 

w
ai

st-
to

-h
ip

 ra
tio

, S
D

 st
an

da
rd

 d
ev

ia
tio

n,
 H

R 
ha

za
rd

 ra
tio

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

St
ud

y 
de

si
gn

 a
nd

 p
at

ie
nt

s
O

ut
co

m
e

Re
su

lts

G
re

gs
on

 J.
 e

t a
l. 

[5
8]

20
19

Po
ol

ed
 c

oh
or

t s
tu

di
es

 fr
om

 E
R

FC
 a

nd
 

U
K

 B
io

ba
nk

(n
 =

 1,
13

5,
12

4;
 7

31
,7

28
 a

nd
 4

21
,5

37
)

m
ea

n 
ag

e 
52

 y
ea

rs
 a

nd
 5

6 
ye

ar
s

FU
 1

5.
4 

ye
ar

s a
nd

 6
.1

 y
ea

rs
M

an
 p

re
va

le
nc

e 
44

.6
%

B
M

I (
m

ea
n 

25
.4

/2
7.

2 
kg

/m
2 )

W
C

 (8
8/

90
 c

m
)

W
H

R
 (0

.8
5/

0.
08

7)
A

ge

V
TE

 (n
 =

 10
41

/2
32

1)
M

ar
ke

rs
 o

f a
di

po
si

ty
 w

er
e 

in
de

pe
nd

en
t 

pr
ed

ic
to

r o
f V

TE
 in

 b
ot

h 
ER

FC
 a

nd
 

U
K

 B
io

ba
nk

. H
R

s p
er

 1
-S

D
 in

cr
ea

se
 

in
 B

M
I w

er
e 

1.
43

 (9
5%

 C
I, 

1.
35

–1
.5

0)
 

in
 E

R
FC

 a
nd

 1
.3

7 
(9

5%
 C

I, 
1.

32
–1

.4
1)

 
in

 U
K

 B
io

ba
nk

; f
or

 W
C

, t
he

 H
R

s w
er

e 
1.

60
 (1

.5
2–

1.
68

) a
nd

 1
.5

4 
(1

.3
7–

1.
73

) 
an

d 
fo

r W
H

R
 H

R
s w

er
e 

1.
52

 (1
.4

0–
1.

68
) a

nd
 1

.2
3 

(1
.0

5–
1.

45
)

B
es

id
es

, a
ge

 p
re

di
ct

s V
TE

 w
ith

 H
R

s f
or

 
de

ca
de

 o
f 2

.6
7 

(2
.4

5–
2.

91
) i

n 
ER

FC
 

an
d 

1.
81

 (1
.7

1–
1.

92
) i

n 
U

K
 B

io
ba

nk
M

ac
 D

on
al

d 
C

J e
t a

l. 
[5

9]
20

21
Pr

os
pe

ct
iv

e 
fro

m
 E

3N
 c

oh
or

t s
tu

dy
 se

t 
up

 in
 1

99
0

(n
 =

 91
,7

07
 w

om
en

)
M

ea
n 

ag
e 

51
 y

ea
rs

FU
 1

99
2 

an
d 

20
05

B
M

I (
m

ea
n 

22
.9

 k
g/

m
2 )

O
W

 p
re

va
le

nc
e 

16
.4

%
O

B
 p

re
va

le
nc

e 
3.

8%
H

yp
er

te
ns

io
n

D
ys

lip
id

em
ia

D
M

Sm
ok

in
g

V
TE

 ri
sk

 (n
 =

 14
43

)
A

s e
xp

ec
te

d,
 C

V
 ri

sk
 in

cr
ea

se
d 

du
rin

g 
fo

llo
w

-u
p 

al
on

gs
id

e 
w

ith
 B

M
I (

fro
m

 
22

.9
 to

 2
3.

8 
kg

/m
2 ). 

A
lth

ou
gh

 li
m

ite
d 

to
 a

dj
us

tm
en

t v
ar

ia
bl

e,
 B

M
I o

ve
rc

am
e 

th
e 

pr
ed

ic
tiv

e 
ab

ili
ty

 o
f o

th
er

 e
st

ab
-

lis
he

d 
C

V
 ri

sk
 fa

ct
or

s l
ik

e 
hy

pe
rte

n-
si

on
, d

ys
lip

id
em

ia
, d

ia
be

te
s a

nd
 

sm
ok

in
g

W
an

g 
H

. e
t a

l. 
[6

0]
20

22
A

T-
A

G
E 

ca
se

- c
on

tro
l

(n
 =

 83
2)

A
ll 

ag
ed

 ≥
 70

y
M

an
 =

 37
5

B
M

I (
m

ea
n 

27
 k

g/
m

2 )
O

W
 p

re
va

le
nc

e 
41

.4
/4

0.
6%

O
B

 p
re

va
le

nc
e 

21
.9

/2
1.

8%
W

ei
gh

t
Sm

ok
in

g
A

lc
oh

ol
D

M
H

yp
er

te
ns

io
n

V
TE

 ri
sk

V
TE

 ri
sk

 in
cr

ea
se

d 
w

ith
 w

ei
gh

t (
O

R
 1

.5
 

[9
5%

 C
I 1

.0
–2

.4
] a

nd
 h

ei
gh

t b
ut

 n
ot

 
B

M
I. 

W
hi

le
 sm

ok
in

g,
 a

lc
oh

ol
 in

ta
ke

, 
an

d 
di

ab
et

es
 w

er
e 

no
t a

ss
oc

ia
te

d 
w

ith
 

V
TE

, h
yp

er
te

ns
io

n 
w

as
 a

ss
oc

ia
te

d 
w

ith
 

a 
de

cr
ea

se
d 

ris
k 

of
 V

TE



	 Internal and Emergency Medicine

pro-thrombinase (factors Va, Xa, thrombin) complexes and 
directly associates with factor XII, thus supporting throm-
bin generation via activation of the intrinsic coagulation 
cascade. Furthermore, TF and its inhibitor (tissue factor 
pathway inhibitor) and the P-selectin glycoprotein ligand-1 
(PSGL-1, CD162) are other pro-coagulant molecules/recep-
tors carried by EMVs, enabling thrombus propagation. 
EMVs account for about 10% of physiologically circulat-
ing MVs but they have a high pro-coagulant potential at 
thrombodynamic test assay [77]. Circulating EMVs increase 
with obesity and modify their composition with negative 
effects on EC inflammation, viability, NO production, and 
pro-coagulant status [78, 79].

Immunothrombosis

What is now hot under the clot is the role of inflammation 
in the so-called ‘immunothrombosis’. During the past dec-
ades, an ever-growing number of immune and inflammatory 
mechanisms have been described as triggers of VT. Along-
side hypoxia and apoptosis, the most of genes targeted in 
DVT belongs to inflammatory pathways with around 30 
inflammation-related molecules identified [80]. Any per-
turbation of venous flow suppresses the expression of the 
zinc finger of DNA-binding transcription factor Krüppel-
like factors (KLF) 2, which exerts anti-inflammatory and 

anti-thrombotic effects in ECs. Specifically, KLF2 activates 
thrombomodulin, reduces plasminogen activator inhibi-
tor (PAI)-1 expression and inhibits the cytokine-driven TF 
expression, ultimately preventing or prolonging clotting time 
under basal or inflammatory conditions [81–83] (Fig. 1). 
KLF2 is also expressed by neutrophils and its selective 
deletion increases experimental VTE in association with—
and blunted by the neutralization of—myeloperoxidase. 
Experimental KLF2 deletion has also highlighted the role 
of neutrophil adhesion/migration, TF expression, and neu-
trophil extracellular trap (NET) formation (NETosis) [84, 
85]. Preliminary studies suggest that the epigenetic signature 
of insulin resistance may target endothelial expression of 
KLF2. Studies on human umbilical vein endothelial cells 
have attributed a role to microRNA-92a in directly target-
ing KLF2 [86, 87]. Meanwhile, myeloid-specific KLF2 has 
been identified as an essential regulator of obesity, impli-
cated in feeding, weight gain, and insulin resistance [88]. 
A high-fat diet was recently observed to alter the priming 
status of isolated neutrophils toward NET release, whereas 
the neutrophil-selected deletion of peptidylarginine deimi-
nase 4 prevented weight gain and experimental thrombus 
formation [89].

More broadly, this evidence is expected to be framed in a 
wider epigenetic/proteomic inflammatory signature charac-
terizing obesity/MetS. A clear, albeit not causal, association 

Fig. 1   New insights in ‘immunothrombosis’: the role of dysfunc-
tional visceral adipose tissue and the leading importance of tran-
scription factors and their epigenetic regulation. Detrimental effects 
of obesity on the risk of venous thromboembolism are due to both 
mechanical (i.e., increase of abdominal pressure) and biochemical 
factors. Among the latter, both the zinc finger of DNA-binding tran-

scription factor Krüppel-like factors (KLF)2 and the sirtuin family 
of NAD + -dependent deacetylases (namely SIRT1) deeply influence 
all the clotting steps, from endothelial injury – and the consequent 
reduction of nitric oxide production – to the fibrinolysis. Even inter-
esting, KLF2 and SIRT1 are both targeted by pro-/anti-obesity behav-
iors Created with BioRender.com)
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with metabolic disturbances and cardiovascular outcome is 
increasingly reported [90–94] and may potentially extend to 
the risk of VTE. In such an exciting perspective, recent stud-
ies highlight the epigenetic signature of both age- and obe-
sity-related endothelial dysfunction as critically regulated 
by the sirtuin family of NAD + -dependent deacetylases. The 
SIRT1 rescue is indeed demonstrated to restore the reduced 
the arterial availability of NO, combined with the increase 
in vascular p66Shc and mitochondrial reactive oxygen spe-
cies levels, in obese old mice [95] (Fig. 1). Not limited to the 
arterial vessels, a similar role of Sirt1 has been elsewhere 
described in models of venous thrombosis as well [96–100]. 
In vitro, SIRT1 reduces the expression of TF, adhesion mol-
ecules and vWF but increase that of NO and thrombomodu-
lin [101]. The SIRT1 ability to deacetylate NF-κB put its 
downregulation at the center of ‘immunothrombosis’ phe-
nomenon during VTE [96]. Thrombus weight, composition 
and evolution, and serum protein/cytokines expression as 
well, are all conditioned by SIRT1 levels. They are upstream 
downregulated by aging/dysmetabolic processes, whereas 
the up-regulated SIRT1 expression induced by aerobic phys-
ical exercise reduced VTE risk, thrombus size and acceler-
ates recanalization/resolution [97, 102].

Clinical evidence and research gaps

Despite being long time reported [103], excess body weight 
has not yet been recognized as risk factor for VTE in its 
own right [104]. The Tromsø Study recently attributed 
about 25% of VTE events to overweight/obesity [105]. This 
risk increases with weight gain [106] and is independent of 
concomitant atherothrombotic events [107]. Furthermore, 
people living with obesity in the Tromsø Study were more 
likely to carry a pro-thrombotic genetic risk, which further 
increased the risk of provoked and unprovoked VTE by 
3.2- and 3.8-fold, respectively [108]. Notably, a significant 
association with the risk of VTE was confirmed for other 
measures of ‘adiposopathy’ like waist and hip circumfer-
ences, and waist-to-hip and waist-to-height ratios [109]. 
Unsurprisingly, the synergistic risk of obesity toward VTE 
extends till cancer-associated and catheter-related VTE [110, 
111]. Unfortunately, the evidence on obesity related VTE 
risk still lacks a consensus in meta-analyses, where correct 
risk estimation is limited by the high heterogeneity in study 
design and results [112]. Obesity also poses challenges for 
prophylaxis and treatment of VTE. For strategies involv-
ing low-molecular-weight heparin and Factor Xa inhibitors 
evidence is weak and needs larger-scale, well-designed ran-
domized controlled trials [113–116].

Obesity related risk of venous 
thromboembolism in particular settings

Atrial fibrillation

Atrial fibrillation (AF) has an established link with obe-
sity, which accounts for about one-fifth of total cases. The 
AF incidence increases exponentially by about 29% every 
5 kg/m2 of body mass index (BMI), but associations exist 
also with post-surgical/post-ablation recurrence, and the 
likelihood of progression to a permanent form [117–120]. 
Although metabolic disorders clustered in obesity contribute 
proportionally to atrial remodeling, failure, and the develop-
ment of AF, the pathophysiology of AF is largely depend-
ent on epicardial adipose tissue (EAT). Despite central 
tenet of adiposopathy, ectopic fat deposition has a limited 
role in VTE but modulates all the tenets of Virchow triad 
within the left atrium [121]. The common embryological 
lineage with myocardium allows EAT to engage in tight 
bidirectional signaling, which is both paracrine and vaso-
crine [122]. As a result, the association between EAT (both 
volume and thickness) and AF is stronger than with other 
adiposity measures. The secretome of EAT mirrors that of 
dysfunctional VAT characterized by tumor necrosis factor-
alpha, interleukin-6, and their respective soluble receptors 
[123] So, EAT promoted the development and maintenance 
of AF through a pro-inflammatory and pro-fibrotic envi-
ronment [124] leading to autonomic imbalance, connexin 
dysfunction, cell shortening, increase collagen deposition, 
and calcium overload [125, 126]. Such remodeling of left 
atrium contributes to the thromboembolic risk even before 
the onset of AF. In this view, atrial myopathy sustained by 
EAT would be a thrombogenic condition of which AF is a 
late manifestation. Many of the upstream causative factors 
of atrial cardiomyopathy are potentially targetable, but only 
a few of these interventions have current evidence of ben-
efit in clinical studies [127, 128]. Being the glucagon-like 
peptide-1 receptor (GLP1-R) expressed within EAT [129], 
treatment with selective agonist has been reported to shrink 
EAT thickness (Table 2) [130–137].

GLP1-R agonist would also exert a direct anti-throm-
botic mechanism. An increased expression of the anti-
thrombotic protein gelsolin within exosomes-protein cargo 
was identified in EAT explants after semaglutide alongside 
with suppression of neutrophil migration and endothelial 
adhesion [137]. Sodium glucose cotransporter 2 (SGLT2) 
inhibitors seems less effective in suppressing EAT, with 
no proved effects on arrhythmogenicity yet [138, 139]. 
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Since their approval in 2005, the strong beneficial effects 
of GLP1-R agonist in diabetic patients recommend their 
use especially for heart failure and kidney disease. Whilst 
GLP1 receptor agonists have been shown to be effective in 
weight loss and comorbidity improvement in people liv-
ing with obesity [140–142], they still have minimal ben-
efit in reducing the risk of AF [143, 144]. Ongoing stud-
ies are expected to better define the clinical role for these 
therapies in modulation AF burden through a reduction 
of EAT (NCT05221229; NCT06184633; NCT05174052; 
NCT05993897; NCT05029115).

Cancer‑related venous thromboembolism

The risk of developing VTE in cancer patients is four- to 
nine-fold higher than in general population and accounts 
for 20–30% of all first VTE events [145, 146]. Multiple 
pathways leading to cancer-associated thrombosis (CAT) 
have been postulated, with substantial variation across 
cancer types. While this suggests cancer-type-specific 
mechanisms for VTE, device implantation and cancer 
therapies further modify coagulation status and increase 
the risk of CAT [147–149]. To date, TF, podoplanin, 
NETs, and PAI-1 have been described as major pathways 
involved in CAT, but abnormalities in all the Virchow’s 
Triad are common findings. In this context, the limited 
predictive value of current scores suggests still gray areas 
to be covered [150–155]. The concept of frailty is now 
at the mainstream of CAT risk and treatment. It usually 
refers to older people with a reduced physiological reserve 
associated with an increased susceptibility to disability, 
falls, hospitalization, institutionalization, and mortality. 
However, frailty extends beyond elderly to include obe-
sity [156–158]. In addition to being itself a risk factor for 
cancer development [159], obesity significantly enhances 
CAT risk [160–164] and poses substantial challenges in 
prophylaxis and treatment [165].

Obesity and venous thromboembolism: lessons 
from SARS‑CoV‑2 pandemic.

Thromboembolism has been one of the important clinical 
manifestations of SARS-CoV-2 infection, strongly associ-
ated with—and determinant of—disease severity, morbidity, 
and mortality [166]. In addition to the short-term effects, a 
greater risk of VTE persisted even beyond the end of SARS-
CoV-2 infection [167]. The pathophysiology of such severe 

and persistent coagulopathy embraces all the classical tenets 
of the Virchow’s triad and gave prominence to ‘immuno-
thrombosis’ [168–170]. In this context, the effect of obesity 
further enhances its substantial role in VTE being additive of 
the cytokine storm [171]. Like the above-mentioned context 
of cancer, obesity enhanced patient frailty during SARS-
CoV-2 infection. Specifically, obesity restricts alveolar 
expansion thereby enhancing pulmonary dysfunction and 
peripheral hypoxia/inflammation [172]. This mechanical 
effect synergistically combines with the endothelial weak-
ening and the general procoagulant—till the generation of 
microthrombi—induced by dysfunctional visceral adiposity 
(Table 3) [173–180].

With a further contribution of hypofibrinolytic activity 
[181], obesity ultimately account for an increased throm-
botic risk that persists beyond the end of SARS-CoV-2 
infection, with ongoing symptoms and long-term adverse 
events, also referred to as ‘long COVID’ [182], and even 
an accelerated waning of the humoral response to vaccines 
[183]. Accordingly, a beneficial role of antidiabetics drugs 
was demonstrated in improving the microvascular pathology 
in SARS-CoV-2 infection and ‘long COVID’ subjects by 
targeting endothelial dysfunction, inflammation, and platelet 
aggregation [171].

Conclusion: research gaps and therapeutic 
implications

A large body of evidence now poses obesity as known risk 
factor for VTE. However, this awareness raises unique chal-
lenges at several levels. First, the heterogeneity of obesity, 
with its phenotypic differences, remains a niche without 
any translation in clinical study design. Almost all studies 
included in this narrative review indeed limits obesity defi-
nition to BMI, despite intrinsically harbinger of paradoxes. 
While several obesity stakeholders still get stuck in the rec-
ommendation of BMI alone for obesity definition and risk 
stratification, thresholds of WC and the addition of the waist-
to height ratio within BMI categories would better realize 
the continuum of risk related to ‘obesities’ [6, 76, 184]. 
Upon a closer examination, a lot is expected from artificial 
intelligence. In the era of machine learning, the handling 
of multimodal datasets should pave the way to broaden not 
only quantitative but also qualitative and temporal changes 
in ‘obesities’ and metabolic health.
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Table 3   Summary of clinical studies investigating the association between body mass index and risk of venous thromboembolism during the 
COVID-19 pandemic

The table summarizes the study found on PubMed with the search line ((COVID [Ti]) OR (SARS [Ti])) AND ((obes* [Ti]) OR (BMI [Ti]) OR 
(body mass index [Ti])) AND ((thromb*) OR (coag*))
US united states, BM body mass index, OB people living with obesity (defined by a BMI ≥ 30  kg/m2), VTE venous thromboembolism, ETI 
endotracheal tube intubation, OW overweight, HR hazard ratio, CI confidence interval, ARDS acute respiratory distress syndrome, AKI-RRT​ 
kidney injury requiring renal replacement therapy, OR odds radio, VWF von Willebrand factor, MACCE major acute cardiac and cerebrovascular 
events

Author Year Study design and patients Obesity assessment Outcome Results

Hendren NS et al. [173] 2020 Longitudinal
7606 US patients

BMI
(OB prevalence 44%)

VTE
All-cause death
ETI

Beside a higher risk of mortality 
and ETI in OW/OB, the severe 
OB group showed a signifi-
cantly higher risk of VTE (HR 
2.28 [95% CI 1.48–3.51]), 
confirmed in adjusted analyses

Friedman AN et al. [174] 2021 Longitudinal
4908 US patients
Intensive care

BMI
(OB prevalence 52%)

Thrombotic events
Death

Despite a lower death prevalence 
for BMI ≥ 30 kg/m2, BMI failed 
to predict any thrombotic event 
or death at adjusted analyses. 
Rather BMI was associated 
with higher risk of developing 
ARDS and AKI-RRT​

Wang SY et al. [175] 2021 Longitudinal
609 US hospitalized patients

BMI
(OB prevalence 42%)

VTE
Myocardial injury

OB patients were significantly 
younger and at higher risk of 
developing VTE in class I (OR 
2.54 [95% CI 1.05–6.14]) or III 
(OR 3.95 [95% CI 1.4–11.4]). 
Class II obesity was also at 
higher risk of myocardial injury 
(OR 2.15 [95% CI 1.12–4.12])

Thangaraju K et al. [176] 2021 Case control
COVID-19 -/ + (288 vs. 543)

BMI
Mean 25.5/28 kg/m2

vWF activity
ADAMTS13 activity

vWF but not ADAMTS13 
activities increased in OW/
OB COVID-19 + vs. – patients. 
However, there were no differ-
ence across BMI categories in 
COVID-19 + patients

Keller K et al. [177] 2022 Longitudinal
176,137 German hospitalized 

patients

BMI
(OB prevalence 5.3%)

VTE
MACCE
ARDS

Beside a higher risk of MACCE 
and ARDS, OB increase the 
risk of VTE (OR 1.78 [95% CI 
1.61–1.97])

Hehar J et al. [178] 2022 Retrospective analysis of EMRs
8751 US hospitalized patients

BMI
(OB prevalence 50%)

VTE
All-cause death

Not OB but diabetes was associ-
ated with higher risk of mortal-
ity (OR 1.50 [1.25–1.80]) and 
developing VTE (OR 1.47 
[1.17–1.84])

Thoppil JJ et al. [179] 2022 RECOVER registry
27,051 US ED patients admitted 

to ED

BMI
(OB prevalence 5.3%)

VTE
All-cause death

OB was associated with the 
likelihood to COVID-19 posi-
tivity at admission (OR 1.13 
[1.08–1.20]). The risk of VTE 
increased with BMI classes 
but the greater association was 
found with MetS (OR 1.67 
[1.22–2.30])

Ogihara Y et al. [180] 2023 CLOT-COVID study
2894 Japan patients

BMI
(OB prevalence 18%)

VTE
All-cause death
ETI

Despite a higher risk of all-cause 
death, OB did not increase that 
of VTE in COVID-19 patients 
(OR 1.39 [95% CI 0.68–2.84])
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