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Abstract
Data on the impact of morbid obesity (body mass index [BMI] ≥ 40 kg/m2) on the pharmacokinetics (PK), pharmacodynamics
(PD) of direct oral anticoagulants (DOACs) are relatively limited, making it difficult to design optimal dosing regimens in morbidly
obese patients.
To review literature on PK/PD profile, efficacy, and safety of DOACs in venous thromboembolism (VTE) and nonvalvular atrial
fibrillation (AF) patients with morbid obesity and make recommendations regarding optimal dosing regimens in these patient
populations.
A detailed literature search was conducted (from inception to June 22, 2022) for relevant articles involving PK/PD and clinical
data on DOACs use in morbidly obese patients with VTE or AF, or healthy volunteers.
A total of 28 studies were identified. DOAC-specific PK variations and clinical outcomes have been observed. Obesity may have a
modest effect on PK/PD of dabigatran, apixaban, or rivaroxaban. Dabigatran was effective in AF patients with morbid obesity but
might increase the risk of gastrointestinal bleeding. Standard dosing of apixaban or rivaroxaban is effective and safe for VTE and
AF patients with morbid obesity. Trough edoxaban concentration and anti-Xa activity were similar in different BMI groups (18.5
to >40 kg/m2), and standard dosing of edoxaban may be effective and safe for AF patients.
Current evidence suggests dabigatran should be used with caution in patients with AF as it might increase the risk of gastroin-
testinal bleeding; Standard dosing of apixaban or rivaroxaban can be used in VTE or AF patients; Standard dosing of edoxaban may
be considered in AF patients.
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Introduction
Direct oral anticoagulants (DOACs) have emerged as the pre-
ferred treatment for the prevention and treatment of venous
thromboembolism (VTE) and prevention of stroke in nonvalv-
ular atrial fibrillation (AF) over the past decade.1 The advan-
tages of DOACs include a wider therapeutic window and less
monitoring requirements, fixed dosing, a faster onset of
action, and fewer drug–drug and drug-food interactions,
which make them to be alternatives to warfarin and widespread
utilization.2–4 However, relatively limited data exist on the clin-
ical pharmacokinetics (PK), pharmacodynamics (PD), efficacy,
and safety in patients with morbid obesity (body mass index

[BMI] of ≥40 kg/m2) due to this patient population severely
underrepresented in the majority of the landmark DOAC
trials. The 2021 update of the International Society on
Thrombosis and Haemostasis (ISTH) guidelines suggested
that standard doses of rivaroxaban or apixaban are among
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appropriate anticoagulant options for treatment or primary pre-
vention of VTE regardless of high BMI and weight, while other
guidelines on VTE or AF management do not provide clear
guidance on the use of DOACs in patients with a BMI of >40
kg/m2 or weight of >120 kg.5 Regardless of consensus guide-
lines, data from the GLORIA-AF registry showed this patient
population tends to favor the use of DOACs over warfarin.6

Due to obesity being a prothrombotic state, it is associated
with increased thrombotic risks.7 In addition, the physiologic
changes associated with obesity may presumably have a consid-
erable effect on the PK of DOACs, which may alter the expo-
sure to DOACs and thereby impact their efficacy and safety.
Therefore, morbid obesity may be a major challenge in the
dosage modification of DOACs in clinical practice. Although
measuring serum drug levels for therapeutic monitoring in
this population has been suggested, testing of DOAC levels is
neither widely available nor well validated in real-world clinical
settings.8 When designing DOACs dosing regimens in mor-
bidly obese patients, a detailed understanding of the primary
pharmacokinetic parameters, and the impact of obesity has on
physiology and drug pharmacokinetics are required. Thus, the
aim of this study is to provide a comprehensive review of avail-
able data from published literature of DOACs’ PK and PD, effi-
cacy and safety in morbid obesity and to help improve the
evidence-based decision-making process for clinicians consid-
ering prescribing a DOAC for morbidly obese patients.

Materials and Methods
We primarily searched data on Pharmacokinetic changes in
obesity, available PK/PD, and clinical data on DOACs use in
morbidly obese patients with VTE or AF, or healthy volunteers.
We screened the published guidelines from the following ther-
apeutic domains or the population of interest: (1) VTE, and/or
nonvalvular AF; (2) obese patients and/or morbidly obese
patients. We then thoroughly screened published reviews pro-
viding recommendations for DOACs use. Furthermore, we per-
formed a detailed literature search using PubMed, Embase, and
Cochrane Library databases from inception to June 22, 2022,
with the following strategy to identify the latest evidence after
the ISTH 2016 guidelines: (1) obesity: “obesity” or “over-
weight” or “morbid obesity” or “morbid body weight” or
“morbid obesity” or “obese weight” or “body mass index” or
“BMI” or “weight” or “body weight” or "body composition”
or “body weight change” or “body size” or “body fat” or
“body fatness”; (2) DOACs: dabigatran or apixaban or betrixa-
ban or edoxaban or rivaroxaban; and (3) pharmacokinetic or
pharmacodynamic, or diseases of interests (VTE or AF).
Non-English articles and animal studies were excluded. We
focused on adult patients with more severe forms of obesity
(morbid obesity, BMI ≥ 40 kg/m2) since such patients are typ-
ically limited in numbers in the studies used to formulate
product labeling information. Primary pharmacokinetic param-
eters of each DOAC were obtained from the corresponding
product labeling.

Results and Discussions
The DOACs vary widely in oral bioavailability, volume of dis-
tribution (Vd), metabolism, and renal excretion, and PK profile
can differ in patients with obesity between DOACs. A detailed
overview of primary pharmacokinetic properties and dosing
regimen of DOACs has been reported in the scientific literature
(Table 1).9–13 We further reviewed the impact of body weight
and morbid obesity on the PK/PD (Table 2), and clinical out-
comes of DOACs according to disease state (Table 3 for
patients with VTE and Table 4 for patients with AF).

Dabigatran
PK/PD data: In a subgroup analysis of the RE-LY trial, dose-
normalized trough concentrations were 21% lower for the
high body weight group (>100 kg) than for the reference
body weight group (50-100 kg) and similar relationships
occurred for peak concentrations, demonstrating an inverse
relationship between trough or peak concentration and
weight.14 The multiple logistic regression analysis showed an
inverse relationship between trough concentration and the risk
of ischemic events. A population PK analysis of dabigatran in
AF patients based on the RE-LY trial showed an increase of
0.77% in Vd per 1 kg increase above 80 kg and no impact of
weight on area under the plasma concentration (AUC).15

Another retrospective study measured peak DOAC plasma con-
centrations in 38 patients with body weight >120 kg taking
DOACs for any indications.16 Among 10 patients taking dabi-
gatran, 2 (20%) had peak plasma concentrations below the
median trough level (93 ng/mL) and below the usual
on-treatment range for peak level (median 184 (10th-90th per-
centiles 74-383 ng/mL) sourced from pharmacokinetic studies
in non-obese patients.16

A PK analysis of DOACs in 58 AF patients with morbid
obesity (BMI ≥ 40 kg/m2) did observe different results regard-
ing the impact of body weight on the concentration, of 8
patients taking dabigatran with an appropriate dosing (150 mg
twice daily [bid]), none had plasma concentration out of the
expected range as obtained from population PK studies in non-
obese patients.17 The multivariate logistic analysis indicated
that inappropriate DOAC underdosing (eg 110 mg bid for dabi-
gatran) was the only independent clinical factor associated with
a plasma concentration of the drug out of the expected range
(hazard ratio [HR] 29.37, 95% CI [confidence interval]
4.26-202.71).

Clinical data for VTE: Studies analyzing dabigatran for the
treatment or prevention of VTE in morbidly obese patients were
not identified.

Clinical data for AF: Three large-scale cohort studies eval-
uated the efficacy and safety of dabigatran in AF patients
with morbid obesity. A retrospective cohort study including
6848 AF patients with a BMI >40 kg/m2 or a weight >120 kg
and receiving either dabigatran or warfarin found dabigatran
was effective in reducing the risk of thromboembolism (HR
0.71, 95% CI 0.56-0.91) and mortality (HR 0.57, 95% CI
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19

23
Pr
os
pe
ct
iv
e

co
ho

rt
A
F
or

V
T
E

>1
20

kg
(n
=
23
)

vs
≤
12
0
kg

(n
=

23
)

5
m
g
bi
d

N
A

St
at
is
tic
al
ly

si
gn
ifi
ca
nt

re
du
ct
io
n
ov
er

th
e
ba
se
lin
e
to

2
h

tim
e
in
te
rv
al
an
d

2
h
to

4
h
(P
=

.0
00
3)
.

N
A

St
at
is
tic
al
ly
si
gn
ifi
ca
nt

re
du
ct
io
n
in

pe
ak

an
ti-
X
a
le
ve
ls
at

2
h
(P
=

.0
05
3)
,a
nd

no
ta
bl
y
bu
t

no
ns
ig
ni
fi
ca
nt

hi
gh
er

le
ve
ls
at

4
h
(P
=
.1
3)
.

R
us
so

20
21

17
R
et
ro
sp
ec
tiv
e

ob
se
rv
at
io
na
l

st
ud
y

A
F

BM
I≥

40
kg
/m

2

(n
=
24
)

2.
5
m
g
bi
d

(n
=
21
),

5
m
g
bi
d
(n

=
3)

N
on

e
ha
d
pl
as
m
a
co
nc
en
tr
at
io
n

ou
t
of

th
e
ex
pe
ct
ed

ra
ng
e.

C
m
in
:M

ed
ia
n
(IQ

R
)
13
3

(9
7-
15
7)

vs
re
fe
re
nc
e
ra
ng
e

(3
4-
23
0)

C
m
ax
:M

ed
ia
n
(IQ

R
)
20
7

(1
90
-2
54
)
vs

re
fe
re
nc
e
ra
ng
e

(6
9-
32
1)

N
A
(N

o
re
fe
re
nc
e)

N
ot

in
cr
ea
se
d

N
A
(N

o
re
fe
re
nc
e)

M
ar
tin

20
21

24
Pr
os
pe
ct
iv
e

co
ho

rt
A
F
or

V
T
E

≥
12
0
kg

5
m
g
bi
d

N
o
si
gn
ifi
ca
nt

lin
ea
r
re
la
tio

ns
hi
ps

be
tw

ee
n
pe
ak

or
tr
ou

gh
co
nc
en
tr
at
io
ns

an
d
bo

dy
w
ei
gh
t
or

BM
I.

C
m
in
:V

T
E
(n
=
4)
:m

ed
ia
n

(fi
ft
h-
95
th

pe
rc
en
til
e)
,6

2
(2
1-
11
6)

vs
re
fe
re
nc
e
63

(2
2-
17
7)
;A

F
(n
=
11
):
65

(3
9-
11
9)

vs
re
fe
re
nc
e
10
3

(4
1-
23
0)

C
m
ax
:V

T
E
(n
=
8)
:9

6
(8
8-
19
9)

vs
re
fe
re
nc
e
63

(2
2-
17
7)
;A

F
(n
=
11
)
17
6

(1
02
-3
73
)
vs

re
fe
re
nc
e
17
1

(9
1-
32
1)

N
A

N
A

N
A

Pi
ra
n
20
18

16
R
et
ro
sp
ec
tiv
e

ob
se
rv
at
io
na
l

st
ud
y

A
F
or

V
T
E

or
bo

th
>1

20
kg

(n
=
7)

N
A

C
m
in
:N

A
C
m
ax
:M

ed
ia
n
(IQ

R
)
14
8

(1
38
-2
40
).
N
on

e
ha
d
pe
ak

le
ve
ls
be
lo
w

th
e
m
ed
ia
n

re
fe
re
nc
e
tr
ou

gh
(6
3.
2,

N
A

N
A

N
A

(c
on
tin
ue
d)
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St
ud
y

St
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y
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si
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di
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tio

n
W
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gh
t
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te
go
ri
es

(N
o.
)

D
os
in
g

Pl
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m
a
co
nc
en
tr
at
io
n
(n
g/
m
L)

A
U
C
(n
g·
h/
m
L)

V
d
(L
)

A
nt
i-X

a
le
ve
l(
IU
/m

L)

59
-6
7.
9
ng
/m

L)
.N

on
e
ha
d
pe
ak

le
ve
ls
be
lo
w

th
e
10
th

pe
rc
en
til
e
re
fe
re
nc
e
pe
ak

co
nc
en
tr
at
io
n
(1
30
,5
9-
30
2
ng
/

m
L)
.

R
iv
ar
ox

ab
an

K
ub
itz
a

20
07

31
Pr
os
pe
ct
iv
e

co
ho

rt
H
ea
lth

y
su
bj
ec
ts

>1
20

kg
(n
=
12
)

vs
70
-8
0
kg

(n
=

12
)

10
m
g
qd

C
m
in
:N

A
C
m
ax
:S
im
ila
r
in

th
e
>1

20
kg

an
d
70
-8
0
kg

gr
ou

ps
gr
ou

ps
:L

S-
m
ea
ns

ra
tio

1.
04
,

90
%
C
I0

.9
0-
1.
20
)

N
o
si
gn
ifi
ca
nt
ly

di
ffe
re
nt
：

LS
-m

ea
ns

ra
tio

1.
12
,9

0%
C
I

0.
98
-1
.2
8

Sm
al
la
nd

de
cr
ea
se
d

sl
ig
ht
ly
w
ith

in
cr
ea
si
ng

bo
dy

w
ei
gh
t:

G
eo

m
et
ri
c
m
ea
n

(C
V
%
)

0.
69

(3
5.
80
)
vs

1.
36

(3
7.
40
)
L/
kg

Si
m
ila
r
an
ti-
X
a
le
ve
l:

LS
-m

ea
ns

ra
tio

0.
91

(9
0%

C
I0

.8
0-
1.
03
)

A
ra
ch
ch
ill
ag
e

20
16

32
Pr
os
pe
ct
iv
e

co
ho

rt
V
T
E

>1
20

kg
(n
=
45
)

vs
50
-1
20

kg
(n
=

13
5)

15
m
g
bi
d

fo
r
3
w
ee
ks

fo
llo
w
ed

by
20

m
g
qd

C
m
in
:N

A
C
m
ax
:N

o
si
gn
ifi
ca
nt

di
ffe
re
nc
e:
m
ed
ia
n
(9
5%

C
I)

28
1
(2
42
-3
27
)
vs

30
8

(3
08
-3
81
)
ng
/m

L,
P
=
.2
1

N
A

N
A

N
A

Pi
ra
n
20
18

16
R
et
ro
sp
ec
tiv
e

ob
se
rv
at
io
na
l

st
ud
y

A
F
or

V
T
E

or
bo

th
>1

20
kg

(n
=
21
)

N
A

C
m
in
:N

A
C
m
ax
:2

8%
ha
d
pe
ak

le
ve
ls

be
lo
w

th
e
us
ua
lo

n-
tr
ea
tm

en
t

ra
ng
e,
m
ed
ia
n
(IQ

R
)
21
5

(1
81
-2
49
)
vs

24
9
(fi
ft
h-
95
th

pe
rc
en
til
e
ra
ng
e
18
4-
34
3
ng
/

m
L
fo
r
pe
ak

an
d
60

ng
/m

L
fo
r

th
ro
ug
h

N
A

N
A

N
A

M
ar
tin

20
21

24
Pr
os
pe
ct
iv
e

co
ho

rt
A
F
or

V
T
E

≥
12
0
kg

20
m
g
qd

N
o
si
gn
ifi
ca
nt

lin
ea
r
re
la
tio

ns
hi
ps

be
tw

ee
n
pe
ak

or
tr
ou

gh
co
nc
en
tr
at
io
ns

an
d
bo

dy
w
ei
gh
t
or

BM
I.

C
m
in
:V

T
E
(n
=
5)
:m

ea
n

(fi
ft
h-
95
th

pe
rc
en
til
es
),
98

(2
0-
29
9)

vs
re
fe
re
nc
e
26

(6
-8
7)
;A

F
(n
=
16
):
59

(1
4-
14
8)

vs
re
fe
re
nc
e
44

(1
2-
13
7)

C
m
ax
:V

T
E
(n
=
36
):
22
0

(9
9-
47
4)

vs
re
fe
re
nc
e
27
0

(1
89
-4
19
);
A
F
(n
=
22
)
21
4

(6
1-
67
2)

vs
re
fe
re
nc
e
24
9

(1
84
-3
43
)

N
A

N
A

N
A

(c
on
tin
ue
d)
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)

St
ud
y

St
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y
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si
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n
W
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gh
t
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go
ri
es
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)

D
os
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g
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m
a
co
nc
en
tr
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io
n
(n
g/
m
L)

A
U
C
(n
g·
h/
m
L)

V
d
(L
)

A
nt
i-X

a
le
ve
l(
IU
/m

L)

Ed
ox

ab
an

R
us
so

20
21

17
R
et
ro
sp
ec
tiv
e

ob
se
rv
at
io
na
l

st
ud
y

A
F

BM
I≥

40
kg
/m

2

(n
=
13
)

30
m
g
qd

(n
=
4)
,6

0
m
g

qd
(n
=
9)

T
he

ou
t-
of
-r
an
ge

gr
ou

p
m
or
e

lik
el
y
re
ce
iv
in
g
ed
ox

ab
an

30
m
g

on
ce

da
ily

tr
ea
tm

en
t
(3
3%

vs
2%

,P
<
.0
1)

C
m
in
:M

ed
ia
n
(IQ

R
)3

3
(2
4-
74
)

vs
re
fe
re
nc
e
ra
ng
e
(3
1-
23
0)

C
m
ax
:M

ed
ia
n
(IQ

R
)
18
0

(1
51
-2
68
)
vs

re
fe
re
nc
e
ra
ng
e

(9
1-
32
1)

N
A
(N

o
re
fe
re
nc
e)

In
cr
ea
se
d

N
A
(N

o
re
fe
re
nc
e)

Bo
ri
an
i

20
19

44
Po

st
ho

c
an
al
ys
is

of
R
C
T
(t
he

EN
G
A
G
E

A
F-
T
IM

I4
8
tr
ia
l)

A
F

BM
I≥

40
kg
/m

2

(n
=
20
99
)

35
to

<4
0
kg
/m

2

(n
=
20
99
)

30
to

<3
5
kg
/m

2

(n
=
50
29
)

25
to

<3
0
kg
/m

2

(n
=
79
03
)

18
.5

to
<2

5
kg
/

m
2
(n
=
44
91
)

30
m
g
qd
,

60
m
g
qd

C
m
in
:S
im
ila
r
ac
ro
ss

BM
Ig
ro
up
s,

P
=
.2
8

18
.5

to
<2

5
kg
/m

2
(n
=
30
4)
:

m
ed
ia
n
(2
5t
h-
75
th

pe
rc
en
til
e)

34
.9

(1
9.
9-
60
.4
)

25
to

<3
0
kg
/m

2
(n
=
95
0)
:3
7.
6

(2
0.
4-
62
.0
)

30
to

<3
5
kg
/m

2
(n
=
76
1)
:3
6.
2

(1
9.
3-
61
.9
)

≥
35

kg
/m

2
(n
=
47
9)
:3

3.
0

(1
6.
7-
62
.7
)

C
m
ax
:N

A

N
A

N
A

T
ro
ug
h
le
ve
lw

er
e

si
m
ila
r
ac
ro
ss

BM
I

gr
ou

ps
,P

=
.7
3

18
.5

to
<2

5
kg
/m

2
(n
=

97
):
m
ed
ia
n
(2
5t
h-
75
th

pe
rc
en
til
e)

0.
78

(0
.4
2-
1.
17
)

25
to

<3
0
kg
/m

2
(n
=

43
3)
:0

.6
2
(0
.3
7-
1.
06
)

30
to

<3
5
kg
/m

2
(n
=

35
8)
:0

.6
6
(0
.3
6-
1.
15
)

≥
35

kg
/m

2
(n
=
23
8)
:

0.
64

(0
.3
7-
1.
16
)

A
bb
re
vi
at
io
ns
:A

F,
at
ri
al
fi
br
ill
at
io
n;
A
U
C
,a
re
a
un
de
r
th
e
pl
as
m
a–
co
nc
en
tr
at
io
n
tim

e
cu
rv
e;
A
U
C
ss
,a
re
a
un
de
r
th
e
pl
as
m
a
co
nc
en
tr
at
io
n–
tim

e
cu
rv
e
at
st
ea
dy

st
at
e;
bi
d,
tw

ic
e
da
ily
;B

M
I,
bo

dy
m
as
s
in
de
x;
C
m
ax
,

m
ax
im
um

pl
as
m
a
co
nc
en
tr
at
io
n;
C
m
in
,m

in
im
al
pl
as
m
a
co
nc
en
tr
at
io
n;
C
V
,c
oe

ffi
ci
en
to

fv
ar
ia
tio

n;
IQ

R
,i
nt
er
qu
ar
til
e
ra
ng
e;
LS
,l
ea
st
sq
ua
re
s;
N
A
,n
ot

av
ai
la
bl
e;
qd
,o
nc
e
da
ily
;S
D
,s
ta
nd
ar
d
de
vi
at
io
n,
V
d,
vo
lu
m
e
of

di
st
ri
bu
tio

n;
V
T
E,
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no

us
th
ro
m
bo

em
bo

lis
m
.
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O
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W
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V
en
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T
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m
.
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y

St
ud
y
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Po
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tio

n
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n
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d
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m
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n
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ca
cy

Sa
fe
ty

A
pi
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ba
n

C
oh

en
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21

25
Po

st
ho

c
an
al
ys
is
of

R
C
T
(t
he

A
M
PL
IF
Y
tr
ia
l)

V
T
E
pa
tie

nt
s
w
ith

a
w
ei
gh
t
≥
12
0
kg

or
a
BM

I>
40

kg
/

m
2

A
pi
xa
ba
n
(n
=
14
4)

vs
en
ox

ap
ar
in
/w
ar
fa
ri
n

(n
=
14
6)

ap
ix
ab
an

do
si
ng
:1

0
m
g
bi
d

fo
r
th
e
fi
rs
t7

da
ys

fo
llo
w
ed

by
5
m
g
bi
d

≥
12
0
kg
:S
im
ila
r
ra
te
s
of

re
cu
rr
en
t
V
T
E
or

V
T
E-
re
la
te
d
de
at
h
(0
.7
%
vs

3.
5%

;R
R
0.
20
,

95
%
C
I0

.0
2-
1.
72
).

Si
m
ila
r
ra
te
s
of

re
cu
rr
en
t
V
T
E
or

V
T
E-
re
la
te
d
de
at
h
ac
ro
ss

th
e
≤
60
,

60
-1
00
,≥

10
0-
12
0,

an
d
≥
12
0
kg

gr
ou

ps
(P
in
te
ra
ct
io
n
=
0.
44
).

BM
I>

40
kg
/m

2 :
Si
m
ila
r
to

th
es
e
of

th
e

pr
im
ar
y
an
al
ys
is
.S
im
ila
r
ra
te
s
of

re
cu
rr
en
t

V
T
E
or

V
T
E-
re
la
te
d
de
at
h
(2
.5
%
vs

4.
5%

;
R
R
0.
55
,9

5%
C
I0

.1
4-
2.
15
).

≥
12
0
kg
:S
ig
ni
fi
ca
nt
ly
lo
w
er

ra
te
s
of

m
aj
or

or
C
R
N
M

bl
ee
di
ng

(4
.2
%
vs

15
.1
%
;R

R
0.
28
,

95
%
C
I0

.1
2-
0.
66
).

Si
m
ila
r
ra
te
s
of

m
aj
or

or
C
R
N
M

bl
ee
di
ng

ac
ro
ss

th
e
≤
60
,6

0-
10
0,

≥
10
0-
12
0,

an
d

≥
12
0
kg

gr
ou

ps
(P
in
te
ra
ct
io
n
=
0.
36
).

BM
I>

40
kg
/m

2 :
Si
m
ila
r
to

th
es
e
of

th
e

pr
im
ar
y
an
al
ys
is
.S
ig
ni
fi
ca
nt
ly
lo
w
er

ra
te
s

of
m
aj
or

bl
ee
di
ng

or
C
R
N
M
bl
ee
di
ng

(4
.0
%

vs
12
.4
%
;R

R
0.
32
,9

5%
C
I0

.1
2-
0.
84
).

C
ro
uc
h

20
22

26
R
et
ro
sp
ec
tiv
e

co
ho

rt
V
T
E
pa
tie

nt
s
w
ith

a
w
ei
gh
t
≥
12
0
kg

or
BM

I≥
40

kg
/

m
2

A
pi
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ba
n
(n
=
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4)
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w
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n
(n
=
78
5)
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ly
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ng
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e
to
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cu
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en
t
V
T
E

w
ith

in
12

m
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th
s
(P
=
.0
18
).

A
lo
w
er
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sk

of
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cu
rr
en
t
V
T
E
(4
.5
%
vs

8.
7%

;H
R
0.
54
,9

5%
C
I0

.2
9-
0.
97
)

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
es

in
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l-c
au
se

m
or
ta
lit
y
(4
.1
%
vs

2.
3%

,P
=
.1
4)
.

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
es

in
m
aj
or

bl
ee
di
ng

(3
.8
%
vs

3.
3%

,P
=
.7
2)

an
d
C
R
N
M
bl
ee
di
ng

(1
.3
%
vs

3.
1%

,P
=
.1
4)
.

K
us
hn
ir

20
19

27
R
et
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sp
ec
tiv
e

co
ho

rt
V
T
E
pa
tie

nt
s
w
ith

a
BM
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40

kg
/m

2
A
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n
(n
=
47
)v

s
w
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fa
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n

(n
=
16
7)

Lo
w

an
d
si
m
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r
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e
of

re
cu
rr
en
t
V
T
E

(2
.1
%
vs

1.
2%

,P
=
.7
4)
.

Lo
w

an
d
si
m
ila
r
in
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de
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e
of

m
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or

bl
ee
di
ng

(2
.1
%
vs

2.
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,P
=
.7
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.

C
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en
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28
R
et
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ec
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e
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ho

rt
V
T
E
pa
tie

nt
s
w
ith

a
BM

I≥
40

kg
/m

2
A
pi
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ba
n
(n
=
74
11
)
vs

w
ar
fa
ri
n
(n
=
12
34
0)

Si
gn
ifi
ca
nt
ly
lo
w
er

ri
sk

of
re
cu
rr
en
t
V
T
E

(1
.8
%
vs

2.
7%

;H
R
0.
65
,9
5%

C
I0
.5
3-
0.
80
).

Si
gn
ifi
ca
nt
ly
lo
w
er

ri
sk
s
of

m
aj
or

bl
ee
di
ng

(1
.4
%
vs

2.
2%

;H
R
0.
68
,9
5%

C
I0

.5
4-
0.
86
,

P
=
.0
01
)
an
d
C
R
N
M

bl
ee
di
ng

(9
.1
%
vs

9.
1%

;H
R
0.
76
,9

5%
C
I0
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0.45-0.71) but was associated with an increased risk of compos-
ite bleeding (HR 1.24, 95% CI 1.07-1.42), which mainly driven
by gastrointestinal bleeding (HR 1.59, 95% CI 1.33-1.91).18 A
second retrospective cohort study evaluated the efficacy and
safety of dabigatran in AF patients across different weight
groups (777 patients weighting >120 kg vs 3522 patients
weighting ≤120 kg) and found in patients with >120 kg, dabi-
gatran was associated with a small increased (1.44 times
greater) risk of gastrointestinal bleeding (adjusted HR 1.44,
95% CI 1.01-2.05) but no differences in stroke (adjusted HR
0.45, 95% CI 0.05-3.89), mortality (0.72, 95% CI 0.37-1.42),
or clinically relevant bleeding (adjusted HR 1.21, 95% CI
0.93-1.57).19

Conversely, in a large cohort of obese Veterans Health
Administration system patients with AF, among patients with
weight ≥120 kg and those with BMI >40 kg/m2, for efficacy
endpoint, dabigatran had significantly lower risks of myocardial
infarction, heart failure, and all-cause mortality, and similar risk
of ischemic stroke than warfarin. For safety endpoints, patients
treated with dabigatran were associated with a lower risk of any
major bleeding, hemorrhagic stroke, and gastrointestinal
bleeding.20

Summary: PK profile of dabigatran in morbid obesity may be
modestly altered. Weight might have an inverse correlation
with trough or peak concentration, whereas has no impact on
AUC. Vd increased by 0.77% for per 1 kg increase above 80
kg. Although clinical data showed dabigatran was effective in
AF patients with morbidly obese patients, it possibly increased
the risk of gastrointestinal bleeding. Therefore, dabigatran
should be used with caution in morbidly obese patients until
more robust data emerges.

Apixaban
PK/PD data: Six studies have examined the impact of body
weight on the PK/PD of apixaban. A PK study of apixaban (a
single dose of 10 mg) in healthy volunteers investigated the
effects of morbid obesity on apixaban PK, PD, and safety,
and observed a 31% lower mean peak apixaban concentration,
a 24% higher Vd and a 23% lower drug exposure in the high
body weight group (weight of >120 kg and BMI of ≥30 kg/
m2) than in the reference body weight group (weight of 65-85
kg).21 Renal clearance of apixaban was similar between
weight groups. Additionally, the mean elimination half-life
(T1/2) of apixaban was 3 h shorter in the high-weight group
compared with that in the reference weight group, but this
was not expected to be clinically significant. Although there
was a statistically significant inverse relationship between apix-
aban exposure and body weight (P< .001), and anti-factor Xa
activity was linearly related to apixaban plasma concentration
and inversely related to increasing weight, the impact of body
weight alone on apixaban exposure was considered modest
and unlikely to be clinically meaningful. Thus, there was no
need to adjust the dose of apixaban in patients weighing >120
kg without severe renal impairment. Similarly, an observational
cohort study measuring anti-Xa levels of AF or VTE patientsT
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with a BMI ≥40 kg/m2 and/or a weight ≥120 kg who have
treated with apixaban 5 mg or 2.5 mg bid, of 55 patients
enrolled, 9% had peak and 6% had trough anti-Xa levels
below the reference ranges.22 Although body weight had a
moderate, negative correlation with peak anti-Xa levels and a
weak, inverse correlation with trough anti-Xa levels, the
results showed that anti-Xa levels among obese patients are
not substantially different from patients with normal BMI and
weight.

Conversely, a prospective cohort study analyzed the effects
of body weight on apixaban anti-Xa levels in 46 patients receiv-
ing apixaban 5 mg bid for VTE or AF.23 In patients >120 kg
(mean BMI 49 kg/m2), there was a statistically significant
reduction in peak anti-Xa levels at 2 h and AUC of apixaban
compared with the normal BW group (≤120 kg, mean BMI
of 31 kg/m2). However, due to the study design and small
scale, reduced apixaban levels may have uncertain clinical
consequences.

The other 3 studies showed little or no change in apixaban
levels in patients with morbid obesity compared with the refer-
ence normal body weight. In the previously mentioned PK
study measuring DOACs levels in 58 AF patients with
morbid obesity (BMI ≥ 40 kg/m2), of 24 patients taking apixa-
ban (5 mg or 2.5 mg bid), no patients had plasma concentration
out of the expected range.17 A prospective cohort study con-
ducted by Martin et al of apixaban 5 mg bid or rivaroxaban
20 mg once daily for AF or VTE in 100 patients with weight
>120 kg (88% with BMI >40 kg/m2) showed that all 19 peak
apixaban and 16 (89%) of 18 trough factor Xa inhibitor concen-
trations were in the expected ranges, suggesting no under-
dosing in the majority of these patients.24 No significant
linear relationships between peak or trough factor Xa inhibitor
concentrations and body weight or BMI was found. In the ret-
rospective study measuring peak DOAC plasma concentrations
in 38 patients with body weight >120 kg, all 7 patients receiving
apixaban had peak plasma concentration higher than the median
trough level and within the usual on-therapy range.16

Clinical data for VTE: All studies evaluating apixaban use
for VTE patients with morbid obesity found at least similar effi-
cacy or safety outcomes compared with warfarin. A post hoc
analysis of the AMPLIFY trial found apixaban had similar
rates of recurrent VTE or VTE-related death and lower rates
of major or clinically relevant non-major (CRNM) bleeding
compared with enoxaparin/warfarin across the different body
weight and BMI categories, including body weight ≥120 kg
and BMI >40 kg/m2.25 A modest, not clinically meaningful,
decrease (<30%) in the median predicted exposure with increas-
ing body weight was also observed. A multi-center, retrospec-
tive study compared the use of apixaban versus warfarin for
VTE treatment in 1099 patients with morbid obesity, found a
reduced risk of recurrent VTE (HR 0.54, 95% CI 0.29-0.97)
in patients taking apixaban compared with those taking warfarin
within 12 months, and no significant differences in major bleed-
ing (3.8% vs 3.3%, P= .72), CRNM bleeding (1.3% vs 3.1%, P
= .14), or all-cause mortality (4.1% vs 2.3%, P= .14).26 These
findings indicated apixaban appears to be effective and safe for

the treatment of VTE in patients with morbid obese. In a single-
center, retrospective study of DOACs in 366 VTE patients with
BMI ≥40 kg/m2, the incidences of recurrent VTE (2.1% vs
1.2%, P= .74) and major bleeding (2.1% vs 2.4%, P= .77)
were similar between the apixaban and warfarin cohorts.27

Similarly, in the subgroup of 92 patients with BMI ≥50 kg/
m2, no significant difference in rates of recurrent VTE and
major bleeding was observed.27 In a large sample study of
VTE patients based on US insurance claims databases found
apixaban was associated with a significantly lower risk of recur-
rent VTE (HR 0.65, 95% CI 0.53-0.80), major bleeding (HR
0.68, 95% CI 0.54-0.86), and CRNM bleeding (HR 0.76,
95% CI 0.69-0.83) compared with warfarin in morbidly obese
patients.28

Clinical data for AF: Consistent with the results of studies
conducted in VTE patients, at least similar clinical outcomes
were observed in AF patients. A post hoc analysis of
ARISTOTLE in AF patients with a range of body weight
groups, among 982 with weight >120 kg, there was no signifi-
cant difference in efficacy outcomes of stroke/systemic embo-
lism, all-cause death, or myocardial infarction between
apixaban and warfarin29 However, a lower risk of major and
CRNM bleeding (HR 0.58, 95% CI 0.35-0.95) or any bleeding
(HR 0.67, 95% CI 0.53-0.85) was observed with apixaban.
When further stratified into 121 to 140 kg (n= 724) and >140
kg (n= 258) groups, a lower risk of stroke/systemic embolism
was observed in the apixaban group for patients weighing
121 to 140 kg (HR 0.21, 95% CI 0.05-0.95). Overall, the supe-
riority of apixaban over warfarin regarding efficacy and safety
for stroke prevention seems to be similar in patients with AF
across the groups of weight, indicating that apixaban appears
to be appropriate for patients with AF irrespective of body
weight.29 Similarly, in the cohort of obese Veterans Health
Administration system, among AF patients with BMI >40 kg/
m2, apixaban had similar risks of ischemic stroke(HR 0.93,
95% CI 0.71-1.22) and significantly lower risks of any major
bleeding (HR 0.72, 95% CI 0.630.82) than warfarin.20 A retro-
spective cohort study (722 patients) conducted to evaluate the
effectiveness and safety of using apixaban in morbidly obese
(BMI ≥ 40 kg/m2) patients with AF, showed a similar preva-
lence of all thrombotic events (OR 0.58, 95% CI 0.13-2.51)
and odds of developing major bleeding (OR 0.39, 95% CI
0.07-2.03) of apixaban use in both morbid and nonmorbid
obese patients with AF within 12 months.30 In the aforemen-
tioned study, among the 429 patients with AF, incidences of
stroke were similar between the apixaban and warfarin users
(1.0% vs 1.3%, P= .71) and incidences of major bleeding
were not significantly lower with apixaban compared with war-
farin (2.9% vs 7.9%, P= .063).27 For patients with a BMI of
≥50 kg/m2, the incidence of strokes or major bleeding was
similar between cohorts.

Summary: Data from healthy volunteers and patients with
AF or VTE have shown that increased body weight has a
modest or no effect on apixaban’s PK. Standard dosing of apix-
aban is effective and safe for VTE and AF patients with morbid
obesity.
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Rivaroxaban
PK/PD data: Four studies have evaluated the impact of obesity
on the PK/PD of rivaroxaban. In one study evaluating PK/PD
and safety of rivaroxaban in 48 healthy subjects who received
a single dose of rivaroxaban 10 mg,31 peak concentration of
rivaroxaban, AUC, T1/2, and anti-Xa activity were similar
between the >120 kg (n= 12) and 70 to 80 kg (n= 12)
groups. Low Vd may limit the impact of weight on the PK of
rivaroxaban.31 One prospective cohort analysis has evaluated
the impact of morbid body weight on the effect of rivaroxaban
in 167 patients with VTE, there was no significant difference in
rivaroxaban peak levels, PT ratios (PT patient/PT normal), or
activated partial thromboplastin time ratios for patients weigh-
ing >120 kg (n= 44) compared with those weighing 50 to
120 kg (n= 135).32

However, 2 studies have contrary results regarding rivaroxa-
ban peak levels. In a study of patients weighting >120 kg taking
DOACs for any indication, of 21 patients receiving rivaroxaban,
6 (28%) had peak levels below the usual on-treatment range for
the peak derived from population pharmacokinetic studies.16

Similarly, in the previously referenced study measuring
DOACs anti-Xa levels in patients weighting ≥120 kg conducted
by Martin et al, of the 58 rivaroxaban levels, 26 (45%) peak
levels were below expected ranges (11/22 for AF and 15/36
for VTE), and all 21 trough levels were within expected ranges.24

Four population PK model analyses have been conducted to
investigate the impact of obesity on DOAC PK/PD. In a popu-
lation PK model based on pooled data from 2 phase II studies of
rivaroxaban in acute DVT treatment (EINSTEIN-DVT and
ODIXa-DVT trials), body weight had no significant influence
on peak concentration.33 However, Vd decreased by 0.8% per
kg below the median low body weight of 56 kg, and directly
correlated with body weight.33 Therefore, Vd levels may
increase in higher-weight patients based on this model.

The other 3 population PK models suggested weight had a
minor influence on the PK of rivaroxaban. An early PK
model based on 101 patients receiving rivaroxaban for preven-
tion or treatment of VTE suggested that weight alone showed
little effect on the PK profile of rivaroxaban, with creatinine
clearance being the most significant factor impacting rivaroxa-
ban exposure.34 This was confirmed by a large pooled popula-
tion PK model across all indications derived from 4918 patients
in 7 clinical trials, which also showed that body weight alone
had a minor influence on the PK of rivaroxaban, while a renal
function is the main driver of rivaroxaban exposure.35

Finally, in a population PK model derived from 913 patients
(including 86 with weight >120 kg and 74 with BMI >40 kg/
m2), median AUC and peak concentration were lower in simu-
lated patients of 200 kg and 150 kg compared with 70-kg sim-
ulated patients; however, the prediction intervals overlapped
across all bodyweights.36 The authors concluded that weight
had only a minor influence on rivaroxaban PK parameters.36

Clinical data for VTE: Several observational studies presented
data for rivaroxaban use in VTE patients with morbid obesity.
Overall, real-world data demonstrated at least similar efficacy

and bleeding outcomeswith rivaroxaban in this patient population.
A cohort study using electronic health record data including over
13 000 obese patients (3394 with BMI ≥ 40 kg/m2) with incident
VTE found that rivaroxaban reduced the hazard of VTE compared
with warfarin without impacting major bleeding at 3, 6, and 12
months.37 No statistical difference was found across patients with
class I to III obesity for either recurrent VTE (Pinteraction ≥ 0.43)
or major bleeding (Pinteraction ≥ 0.58).37 In a retrospective study
based on health insurance claims data, rivaroxaban users had a sig-
nificantly lower risk of VTE recurrence (HR 0.85, 95% CI
0.7-0.97) and similar major bleeding (HR 1.11, 95% CI
0.89-1.37) compared with warfarin users at 12 months among
VTE patients with obesity (including 41.1% and 41.9% with
BMI ≥40 kg/m2 in rivaroxaban and warfarin cohort, respec-
tively).38 A second study using administrative claims data found
morbidly obese VTE patients receiving rivaroxaban had similar
risks of recurrent VTE (odds ratio [OR] 0.99, 95% CI 0.85-1.14)
and major bleeding (OR 0.75, 95% CI 0.47-1.19) compared with
warfarin.39 In a multicenter, retrospective cohort study comparing
outcomes in patients with weight >120 kg or BMI >40 kg/m2

receiving rivaroxaban or warfarin for acute VTE, no difference
was observed in hazard of VTE (HR 0.69, 95% CI 0.42-1.08) or
major bleeding (HR1.29, 95%CI0.66-2.30).40A single-center ret-
rospective study comparing efficacy and safety for VTE or AF
patients with BMI ≥40 kg/m2 taking rivaroxaban or warfarin
showed the incidence of recurrent VTE (2.0% vs 1.2%, P= .74)
or major bleeding (1.3% vs 2.4%, P= .77) was similar between
the treatment cohorts in patients with VTE.27

Clinical data for AF:Aswith those for VTE, in the aforemen-
tioned study, the incidence of stroke was also similar (2.3% vs
1.3%, P= .71) between the treatment cohorts in patients with
AF. A lower risk of major bleeding in patients on rivaroxaban
compared with warfarin (2.9% vs 7.9%, P= .063) was observed
but this difference was not significant.27 Similarly, in the cohort
of obese Veterans Health Administration system, among AF
patients with BMI >40 kg/m2, compared with warfarin, rivarox-
aban had similar risks of ischemic stroke (HR 1.1, 95% CI
0.84-1.41) and significantly lower risk of any major bleeding
(HR 0.66, 95% CI 0.58-0.75).20 In a retrospective cohort study
of AF patients with obesity, the subgroup analysis in patients
with BMI ≥40 kg/m2 (n= 7647 in each cohort) showed that
lower risks of the composite outcome of stroke and systemic
embolism (HR 0.83, 95% CI 0.72-0.96) and major bleeding
risk (HR 0.80, 95% CI 0.64-1.00) were found in the rivaroxaban
cohort compared with the warfarin cohort.41 A large retrospec-
tive cohort study using Health insurance claims data found the
risks of stroke/systemic embolism (HR 0.66, 95% CI
0.48-0.91) and major bleeding (HR 0.72, 95% CI 0.55-0.95)
were significantly lower among morbidly obese patients in the
rivaroxaban cohort compared to those in the warfarin cohort at
36 months.42 In another retrospective cohort study using a health-
care claims database for AF patients with obesity demonstrated a
lower risk of stroke/systemic embolism (HR 0.82, 95% CI
0.70-0.95) and a similar risk of major bleeding with rivaroxaban
versus warfarin among morbidly obese patients (HR 0.95, 95%
CI 0.74-1.23).43
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Summary: Current evidence indicates that the PK profile of
rivaroxaban is not significantly impacted by body weight.
Standard dosing of rivaroxaban is effective and safe for both
VTE and AF patients with morbid obesity.

Edoxaban
PK/PD data: In a pharmacokinetic study measuring DOACs
levels in 58 AF patients with morbid obesity (BMI ≥ 40 kg/
m2), 13 (22.4%) were taking edoxaban, with 4 receiving 30
mg daily and 9 receiving 60 mg daily. The out-of-range
plasma concentrations were more likely to receive edoxaban
30 mg once daily treatment (33% vs 2%; P< .01) compared
with in-range plasma concentrations.17 A post hoc analysis of
the ENGAGEAF-TIMI 48 trial found trough edoxaban concen-
tration (P= .28) and anti-Xa activity (P= .73) were similar
across BMI groups ranging from 18.5 to >40 kg/m2.44

Clinical data for VTE: No studies analyzing edoxaban for
treatment or prevention of VTE in morbidly obese patients
were identified.

Clinical data for AF: Only 2 studies evaluating edoxaban
use for AF patients with morbid obesity, and similar efficacy
and safety outcomes were found when compared with warfarin
or compared extreme weight groups with the reference group.
The post hoc analysis of the ENGAGE AF-TIMI 48 trial
found the efficacy and safety profiles (stroke/systemic embo-
lism, all-cause mortality, major bleeding, and major or
CRNM bleeding) of edoxaban 60 mg once daily versus warfa-
rin were similar across BMI categories ranging from 18.5 to
>40 kg/m2 (Pinteraction ≥ 0.16 for each outcome).44 The
similar PK and PD results with edoxaban across the range of
BMIs observed in the same study support the clinical observa-
tions. In the post hoc analysis of the ETNA-AF-Europe trial
evaluated 1-year outcomes in AF patients treated with edoxaban
across a range of body weight groups, edoxaban seemed asso-
ciated with a very low occurrence of stroke and bleeding, and
there were no differences in the risks of stroke/SE (HR 1.14,
95% CI 0.48-2.71), major bleeding (HR 0.67, 95% CI
0.27-1.66), major or CRNM bleeding (HR 0.98, 95% CI
0.57-1.69), and intracranial hemorrhage (HR 0.93, 95% CI
0.17-5.10) among body weight groups after adjustment for
eGFR and CHA2DS2-VASc score.45 However, the morbid
obesity cutoff point was >100 kg, which may not be extrapo-
lated to patients with BMI >40 kg/m2 or weight >120 kg.

Summary: Based on current evidence, standard dosing of
edoxaban may be effective and safe for stroke prevention for
AF in patients with morbid obesity. Given the lack of data,
edoxaban should be avoided for VTE treatment or prevention
in patients with morbid obesity.

Betrixaban
Both PK/PD and clinical studies were not identified regarding
the effects of weight on betrixaban.

Limitations
Our review has several limitations. First, most included studies
evaluating morbidly obese patients were retrospective studies or
post hoc analyses of RCTs, there is sampling bias due to the
lack of randomization. Second, the PK/PD profile is obtained
from different sources, thus differences in the timing of sam-
pling, data quality, or laboratory analysis may exist. Third,
the majority of included studies evaluated apixaban or rivarox-
aban in morbidly obese patients with AF or VTE, with limited
or no evaluation of edoxaban, dabigatran, or betrixaban, espe-
cially in VTE patients. Future higher-quality studies to
confirm the uncertainty of DOAC use in morbidly obese
patients are still warranted.

Conclusion
PK variations and clinical outcomes of each DOAC are specific.
Obesity may have a modest effect on dabigatran, apixaban,
rivaroxaban, or edoxaban. Current available evidence indicates
that standard dosing of apixaban or rivaroxaban is recom-
mended in VTE or AF patients with morbid obesity; Standard
dosing of edoxaban may be considered in AF patients;
Dabigatran should be used with caution in patients with AF;
There is limited evidence regarding dabigatran and edoxaban
use in morbid obese VTE patents.
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