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The risk of gastrointestin
al hemorrhage with
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Abstract
Background: Non-vitamin K antagonist oral anticoagulants (NOACs) have been widely used for stroke prevention in atrial
fibrillation (AF) and the treatment and prevention of venous thromboembolism. There is an issue with safety, especially in clinically
relevant bleeding. We performed a network meta-analysis to evaluate the risk of major gastrointestinal (GI) bleeding associated with
NOACs.

Methods: Interventions were warfarin, enoxaparin, apixaban, dabigatran, edoxaban, and rivaroxaban. The primary outcome was
the incidence of major GI bleeding. A subgroup analysis was performed according to the following indications: AF, deep venous
thrombosis/pulmonary embolism, and postsurgical prophylaxis.

Results:A total of 29 randomized controlled trials (RCTs) and 4 large observation population studies were included. Compared with
warfarin, apixaban showed a decreased the risk of major GI bleeding (relative risk [RR] 0.54, 95% confidence interval [CI] 0.25–0.76),
and rivaroxaban tended to increase this risk (RR 1.40, 95% CI 1.06–1.85). Dabigatran (RR 1.25, 95% CI 0.98–1.60), edoxaban (RR
1.07, 95% CI 0.69–1.65), and enoxaparin (RR 1.24, 95% CI 0.63–2.43) did not significantly increase the risk of GI bleeding than did
warfarin. In the subgroup analysis, according to indications, apixaban showed a decreased risk of major GI bleeding (RR 0.50, 95%
CI 0.34–0.74) than did warfarin in AF studies. Dabigatran (RR 2.36, 95%CI 1.55–3.60, and rivaroxaban (RR 1.75, 95%CI 1.10–6.41)
increased the risk of major GI bleeding than did apixaban. An analysis of studies on venous thromboembolism or pulmonary
embolism showed that no individual NOAC or enoxaparin was associated with an increased risk of major GI bleeding compared to
warfarin.

Conclusion: Individual NOACs had varying profiles of GI bleeding risk. Results of analyses including only RCTs and those including
both RCTs and population studies showed similar trends, but also showed several differences.

Abbreviations: AF = atrial fibrillation, CI = confidence intervals, GI = gastrointestinal, NOAC = non-vitamin K antagonist oral
anticoagulant, RCT = randomized controlled trial, RR = relative risks, VKA = vitamin K antagonist, VTE = venous thromboembolism.

Keywords: apixaban, direct factor Xa inhibitor, edoxaban, network meta-analysis, novel oral anticoagulants, rivaroxaban, warfarin
1. Introduction
Non-vitamin K antagonist oral anticoagulants (NOACs) that
inhibit thrombin or activated factor X were developed and
approved for stroke prevention in atrial fibrillation (AF) and for
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the treatment or prevention of venous thromboembolism.[1]

Recently, NOACs are also safe to use in patients with cancer-
associated VTE and also AF-associated HF.[2–6] These drugs,
including apixaban, dabigatran, edoxaban, and rivaroxaban,
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were shown to be as effective as traditional anticoagulation
therapy.[7–11] In addition, unlike the vitamin K antagonists
(VKAs), NOACs have rapid onset and termination of action,
fewer drug interactions, lack of dietary vitamin K intake
interaction, and no need for drug monitoring, which led to
rapid adoption in clinical practice worldwide.[12]

Although NOACs have been widely used due to efficacy and
compliance, the issue of safety has arisen, especially with respect
to clinical relevant bleeding.[13,14] For decades, gastrointestinal
bleeding has been a serious medical condition that causes
considerable morbidity andmortality (5%–15%).[15] In addition,
GI bleeding in patients with anticoagulants has significant
impacts,[16] including the requirement to alter or discontinue
anticoagulant agents, activation of inflammation states, and
paradoxical thromboembolic events. Furthermore, in contrast
with the traditional VKA, no clinically tested antidote is currently
available for NOACs, except for dabigatran. Various random-
ized controlled trials and large population studies have been
carried out, and some studies reported an increased GI bleeding
risk in patients with NOACs. Recently, population based
observation studies reported that individual NOACs are
associated with various risks of GI bleeding compared to
warfarin. Traditional pair-wise meta-analysis can only answer
questions about pairs of drugs; therefore, they cannot determine
which among several drugs is the safest. A network meta-analysis
is a useful statistical method for comparing the GI bleeding risk of
multiple drugs.
Therefore, we evaluate the risk of major GI bleeding associated

with NOACs using a network meta-analysis of randomized
controlled trials (RCTs) and observation studies.
2. Methods

This study was exempted from institutional review board review
because it did not involve human subjects.
2.1. Search strategy

This systematic review and network meta-analysis was conducted
and reported based on the guidelines and recommendations for
network meta-analysis. PubMed-Medline, EMBASE, Cochrane
Library and Web of Science searches were performed on July 1,
2018 using key terms (“apixaban,” “rivaroxaban,” “dabigatran,”
“edoxaban,” and “bleeding”). The detailed search strategies in
each database are presented in Supplemental Table 1, http://links.
lww.com/MD/F935. All trials had to be randomized, double-
blinded, and controlled to ensure a minimum high level of quality.
We checked the reference lists of all potentially eligible studies and
reviewed papers to find additional relevant publications.
2.2. Study selection

We considered all full-text RCTs and population studies that
investigated patients treated with NOACs or conventional
coagulation therapy (vitaminK antagonist and low molecular
weighted heparin) for approved indications such as the
prevention or treatment of venous thromboembolism (VTE)
and the prevention of stroke or systemic embolism in patients
with AF, reporting major GI bleeding, without limitation of study
size. Among observational studies, we included studies of clear
comparisons with propensity scoring matched controls or nested
case controls to minimize bias.
2

The exclusion criteria included the following:
1.
 non-English publications;

2.
 abstract-only publications or unpublished studies inclusion of

nonhuman subjects;

3.
 failure to include major GI bleeding as a specified outcome;

and

4.
 trials assessing NOACs for unapproved indications.

Concerning population studies, we excluded single-arm
observational studies without comparisons, including case series,
case reports, and medical chart review studies. Studies were also
excluded if there were insufficient data for determining the hazard
risks, relative risks (RR) or odds ratios with 95% confidence
intervals (CIs).
Two reviewers (HJO and BHY) independently evaluated the

studies for eligibility and resolved any disagreements through
discussion and consensus. If no agreement could be reached, a
third reviewer (KHR) determined eligibility. The Cochrane risk of
bias assessment tool was used for assessing the risk of bias
individual studies.
2.3. Data extraction and outcome measure

Two reviewers (HJO and BHY) independently classified the data
from included studies as indications. NOACs was classified as
apixaban, rivaroxaban, dabigatran, and edoxaban. Convention-
al anticoagulation was divided by vitamin K antagonist, and low
molecular weighted heparin or heparin. The primary outcome
was major GI bleeding as defined by the International Society on
Thrombosis and Hemostasis.[17] Other GI bleeding events, not
referred or classified as major bleeding, were not included.
2.4. Subgroup and sensitivity analysis

The subgroup analysis was done according to the indication: AF,
deep venous thrombosis/pulmonary embolism, and postsurgical
prophylaxis. There are several limitations in studies based on
large observational data such as nonstandardized follow-up and
outcome evaluation. Therefore, we performed a sensitivity
analysis by excluding 4 large cohort observational studies.
2.5. Statistical analysis

Direct meta-analysis was conducted to calculate pooled RRs with
95% CIs for each pairwise comparison across NOACs and
conventional anticoagulant therapy. Taking a conservative
approach, we used a random-effects model, which produces
wider CIs than a fixed effect model. Statistical heterogeneity was
assessed using I2 statistics, with values >50% suggestive of
significant heterogeneity. P values<.05 were assumed to indicate
statistical significance. The tests for funnel plot asymmetry were
not conductedwhen there were fewer than 10 included studies for
each pair-wise comparison.
In order to combine indirect and direct comparisons, we

performed a network meta-analysis to determine comparative
safety among the 6 treatments. This type of analysis allowed us to
utilize results from 2 drugs compared to the same third drug for
indirect comparisons. For example, 2 treatments (apixaban and
dabigatran) had trial data compared to warfarin. The network
meta-analysis application allows for the comparison between
these 2 treatments using the evidence for each non-operative
treatment and provides indirect evidence of the comparative
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effects between the treatment modalities. All analyses were
performed using the “mvmeta” command of STATA (version
14.0; Stata Corporation, College Station, TX, USA).[18] Corre-
sponding 95% credible intervals (CrIs) were obtained using the
2.5th and 97.5th percentiles of the posterior distribution.
2.6. Quality of evidence

Two investigators (HJO and BHY) independently performed
quality assessments using the risk of bias assessment tool, which
was described in the CochraneHandbook for Systematic Reviews
of Interventions.
3. Results

3.1. Included studies

A total 29 of RCTs and 4 of large observation population studies
were included. The flowchart of study selection is shown in Figure 1.
All included studies evaluated the risk of major GI bleeding
associated with NOACs, including dabigatran, rivaroxaban,
apixaban, and edoxaban, warfarin, and enoxaparin. Twenty nine
RCTs included a total of 121,246 patients with indication of AF
(n = 8),[7–9,11,19–22] venous thromboembolism (VTE) or pulmonary
embolism (n=11),[23–31] andpostsurgical prophylaxis ofVTE[32–42]
Figure 1. PRISMA Flow diagram details the p
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(n = 11) (Fig. 2). Table 1 summarizes the characteristics of included
studies. We analyzed an additional 4 population studies including
265,948 patients with AF.[43–46] All population observational
studies were retrospective cohort studies with propensity matching.
Regarding comparative efficacy for earlypostpolypectomybleeding,
there was no inconsistency between direct and indirect estimates in
all 6 comparisons (Table 2).

3.2. The risk of GI bleeding

Compared with warfarin, apixaban showed a lower risk of major
GI bleeding (RR 0.54, 95% CI 0.25–0.76, P < .001), and
rivaroxaban showed a higher risk (RR 1.40, 95% CI 1.06–1.85,
P = .017). The other 2 NOACs, dabigatran (RR 1.25, 95% CI
0.98–1.60, P = .076) and edoxaban (RR 1.07, 95% CI 0.69–
1.65, P = .776), and enoxaparin (RR 1.24, 95% CI 0.63–2.43, P
= .536) did not significantly increase the risk of GI bleeding than
that with warfarin (Fig. 3). Compared to apixaban, the remaining
NOACs (dabigatran, edoxaban, and rivaroxaban) and enox-
aparin were associated with increased risk of major GI bleeding.

3.3. Subgroup analysis according to the indications

Eight RCTs and 4 population observation cohort studies with AF
were analyzed for risk of major GI bleeding associated with
rocess of relevant clinical study selection.

http://www.md-journal.com


Figure 2. Network plot depicting the direct evidence used in the network
meta-analysis. The widths of lines for each connection in the evidence network
are proportional to the number of randomized controlled trials comparing each
pair of treatments and the circle size is proportional to the number of patients.
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individual NOACs and warfarin in 352,058 patients. Compared
with warfarin, apixaban showed a lower risk of major GI
bleeding (RR 0.50, 95% P = .001), and the other individual
NOACs showed no differences in the risk Compared to
apixaban, dabigatran (RR 2.36, 95% CI 1.55–3.60, P = .037)
and rivaroxaban (RR 1.75, 95% CI 1.10–6.41, P = .014) were
associated with greater risk of major GI bleeding (Fig. 4A).
Analysis of studies of VTE or PE (11 RCTs, 26,739 patients)

revealed that no individual NOAC or enoxaparin was associated
with increased risk of major GI bleeding compared to warfarin.
Overall, there was no difference in major GI bleeding rates
comparing each individual NOAC (Fig. 4B).
Analysis of studies of post-surgical prophylaxis of VTE (11

RCTs, 28,766 patients) showed no significant differences of
major GI bleeding risk among individual NOACs and enox-
aparin (Fig. 4C).
3.4. Sensitivity analysis and quality assessment

Most of the studies included in the analysis were classified as
having an overall low risk of bias. However, a few studies (the
EINSTEIN acute deep vein thrombosis, the EINSTEIN-PE and
the RE-LY study) [7,30,47] were open-label RCTs, and conse-
quently allocation concealment procedures and blinding of
participants and study personnel items were considered to be of
high risk of bias (Supplemental Fig. 1, http://links.lww.com/MD/
F936). As with the sensitivity analysis, we performed meta-
analysis of 29 RCTs after excluding 4 large observation
population studies; the plot showed a similar trend with the
plot of analysis including all RCTs and population study biases
(Supplemental Fig. 2, http://links.lww.com/MD/F937).
4. Discussion

GI bleeding is a representative complication of NOAC use; this
complication has been amatter of controversy inmany RCTs and
observation studies. Although NOACs have favorable safety
profiles, efficacy, compliance, and convenience compared to
conventional anticoagulation, GI bleeding is a fatal disadvantage.
Previous RCTs and meta-analyses showed increased risk of GI
4

bleeding with NOACs such as rivaroxaban or dabigatran, than
that with conventional therapy.[7,11,13,48–50] Recently, many
large RCTs and meta-analyses addressed the risk of increased GI
bleeding with NOACs than with conventional therapy.[51,52]

Recently published population-based observational studies
demonstrated variable risk of GI bleeding among each individual
NOACs through direct and indirect comparisons [43,45,46];
Graham et al reported that, in patients with AF, rivaroxaban
increased risk of GI bleeding than did dabigatran. Other studies
by Abraham showed equivalent risks between rivaroxaban and
dabigatran, and apixaban decreased the risk of GI bleeding
compared to rivaroxaban and dabigatran. A recent propensity
matched cohort study (YAO) in patients with AF reported
increased, equivalent, and decreased GI bleeding risks associated
with rivaroxaban, dabigatran, and apixaban, respectively,
compared to warfarin.[44,53]

In this network meta-analysis, we assessed major GI bleeding
data of 30 RCTs and 4 observation population studies with
updated and approved indications, including nonvalvular AF,
VTE or PE, and postsurgical prophylaxis of VTE comparing
individual NOACs and conventional anticoagulation therapy.
We found that each individual NOAC had a different profile of
GI bleeding. Overall, apixaban significantly decreased the risk of
GI bleeding, and rivaroxaban increased the risk than those with
other individual NOACs and conventional therapy. Among other
individual NOACS (dabigatran, edoxaban, and rivaroxaban)
and conventional therapy, there were no significant associations
with major GI bleeding. When we analyzed only RCTs, the plot
showed a similar trend. However, some differences were noted:
1.
 Compared to warfarin, dabigatran significantly increased the
risk of major GI bleeding, rather than rivaroxaban.
2.
 Among individual NOACs, dabigatran showed increased risk
of major bleeding, and the other individual NOACs showed
no difference between one another.

In subgroup analysis according to indications, in cases of AF,
apixaban significantly decreased the risk of GI bleeding than did
other individual NOACs, and warfarin. Indirect comparison
showed that, with respect to VTE or PE, no individual NOAC,
enoxaparin, and warfarin were associated with increased risk of
major GI bleeding. In cases of postsurgical prophylaxis of VTE,
no significant difference in major GI bleeding was shown among
individual NOACs and enoxaparin.
Taken together, analysis including only RCTs and analysis

including both RCTs and population studies showed similar
trends, but several differences. According to indications, there
were several differences regarding results as well. We found that
rivaroxaban increased the risk of GI bleeding in the analysis of
RCTs and population studies, while dabigatran increased the risk
of GI bleeding in the analysis of only the RCTs. This might be
due to study-related differences, including patient criteria and
baseline demographic characteristics. Compared with the
population cohort study, RCT studies included patients with
high CHADs scores who had risk factors for bleeding, including
old age and diabetes mellitus. By contrast, population studies
included patients with renal dysfunction or liver dysfunction who
were excluded from RCTs. Plasma levels of dabigatran and
rivaroxaban are elevated in renal dysfunction patients because of
their prolonged excretion rates. The recommendation of
creatinine clearance (CrCl) range for dabigatran and rivaroxaban
were different, 15 to 30ml/minute/1.73m2 and 15 to 50ml/
minute/1.73m2, respectively.[54,55] Different ranges of CrCl

http://links.lww.com/MD/F936
http://links.lww.com/MD/F936
http://links.lww.com/MD/F937


T
a
b
le

1

B
as

el
in
e
ch

ar
ac

te
ri
st
ic
s
an

d
re
su

lt
s
o
f
in
cl
ud

ed
tr
ia
ls
.

St
ud
y
(p
at
ie
nt
s)

St
ud
y
de
si
gn

So
ur
ce

of
pa
rt
ic
ip
an
t

St
ud
y
Pe
rio

d
In
te
rv
en
tio

n
Co

nv
en
tio

na
l

tr
ea
tm

en
t

M
aj
or

GI
bl
ee
di
ng
,n

/N
NO

AC
vs

n/
N
co
nv
en
tio

na
l

tr
ea
tm

en
t
gr
ou
p

At
ria
lF
ib
ril
la
tio
n
(1
1
st
ud
ie
s)

Gr
an
ge
r2
01
1

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
06
–
20
10

Ap
ixa
ba
n
(2
.5
m
g
tw
ic
e)

W
ar
fa
rin

15
0/
91
20

vs
11
9/
90
81

Gi
ug
lia
no
20
13

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
08
–
20
10

Ed
ox
ab
an

(6
0
m
g,

30
m
g)

W
ar
fa
rin

36
1/
14
06
9
vs

19
0/
70
36

Ho
ri2
01
3

Do
ub
le
bl
in
d
ra
nd
om

ize
d

As
ia

20
07
–
20
10

Ri
va
ro
xa
ba
n
(1
5m

g)
W
ar
fa
rin

8/
63
9
vs

15
/6
39

Co
nn
ol
ly2

00
9

Op
en
-la
be
lr
an
do
m
ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
05
–
20
07

Da
bi
ga
tra
n
(1
50

m
g,

11
0m

g)
W
ar
fa
rin

31
5/
12
91

vs
12
0/
60
22

Pa
te
l2
01
1

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
06
–
20
09

Ri
va
ro
xa
ba
n
(2
0m

g)
W
ar
fa
rin

22
4/
71
31

vs
15
4/
71
33

Co
nn
ol
ly2

01
1

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c,
So
ut
h
Af
ric
a

20
07
–
20
09

Ap
ixa
ba
n
(2
.5
m
g
tw
ic
e)

As
pi
rin

(8
1–
32
4m

g)
12
/2
80
8
vs

14
/2
79
1

Ch
un
g
20
11

Do
ub
le
bl
in
d
ra
nd
om

ize
d

As
ia
n
co
un
tri
es

(T
ai
w
an
,
So
ut
h

Ko
re
a,
Ho
ng

Ko
ng

an
d
Si
ng
ap
or
e)

20
07
–
20
08

Ed
ox
ab
an

(6
0
m
g,

30
m
g)

W
ar
fa
rin

0/
15
9
vs

1/
75

Og
aw
a
20
11

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Ja
pa
n

Ap
ixa
ba
n
(2
.5
m
g
tw
ic
e,
5
m
g
tw
ic
e)

W
ar
fa
rin

0/
75

vs
2/
14
3

Ab
ra
ha
m

20
17

Re
tro
sp
ec
tiv
e,
pr
op
en
si
ty

m
at
ch
ed

co
ho
rt
st
ud
y.

US
,
Op
tu
m

Da
ta
W
ar
eh
ou
se

20
10
–
20
15

Ap
ixa
ba
n

Da
bi
ga
tra
n

Ri
va
ro
xa
ba
n

No
ne

33
/6
54
2

22
2/
15
78
7

21
5/
15
78
7

Ab
ra
ha
m

20
15

Re
tro
sp
ec
tiv
e,
pr
op
en
si
ty

m
at
ch
ed

co
ho
rt
st
ud
y.

US
,
Op
tu
m

Da
ta
W
ar
eh
ou
se

20
10
–
20
13

Da
bi
ga
tra
n

Ri
va
ro
xa
ba
n

W
ar
fa
rin

18
/7
74
9
vs

22
/7
74
9

15
/5
16
6
vs

16
/5
16
6

Gr
ah
am

20
16

Re
tro
sp
ec
tiv
e,
pr
op
en
si
ty

m
at
ch
ed

co
ho
rt
st
ud
y.

US
,
fe
e-
fo
r-
se
rv
ic
e
M
ed
ic
ar
e

20
11
–
20
14

Da
bi
ga
tra
n,

15
0
m
g,

tw
ic
e
da
ily
;
Ri
va
ro
xa
ba
n,

20
m
g,

on
ce

da
ily
.

No
ne

36
2/
52

24
0

65
6/
66

65
1

Ya
o
20
16

Re
tro
sp
ec
tiv
e,
pr
op
en
si
ty

m
at
ch
ed

co
ho
rt
st
ud
y.

US
in
su
ra
nc
e
da
ta
ba
se

20
10
–
20
15

Ap
ixa
ba
n

Da
bi
ga
tra
n

Ri
va
ro
xa
ba
n

W
ar
fa
rin

14
/7
69
5
vs

23
/7
69
5

28
/1
43
07

vs
28
/1
43
07

53
/1
61
75

vs
40
/1
61
75

Ve
no
us

th
ro
m
bo
em

bo
lis
m

or
Pu
lm
on
ar
y
em

bo
lis
m
(1
1
st
ud
ie
s)

Ba
ue
rs
ac
hs

20
10

Do
ub
le
bl
in
d
ra
nd
om

ize
d

20
07
–
20
09

Ri
va
ro
xa
ba
n
(2
0m

g)
Pl
ac
eb
o

3/
59
8
vs

0/
59
0

Bu
lle
r
20
12

Op
en
-la
be
l,
ra
nd
om

ize
d

20
07
–
20
11

Ri
va
ro
xa
ba
n
(1
5
m
g
tw
ic
e
da
ily

fo
r
3
w
ee
ks
,

fo
llo
w
ed

by
20

m
g
on
ce

da
ily

En
ox
ap
ar
in

1/
24
20

vs
2/
24
13

Ya
m
ad
a
20
15

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Ja
pa
n

20
12
–
20
13

Ri
va
ro
xa
ba
n
(1
5
or

10
m
g
tw
ic
e)

w
ar
fa
rin

0/
77

vs
0/
19

Ag
ne
lli
20
13
(a
cu
te
VT
E)

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
08
–
20
12

Ap
ixa
ba
n
(5
m
g
tw
ic
e)

En
ox
ap
ar
in
(1

m
g/
ki
lo
gr
am

of
bo
dy

w
ei
gh
t,
12

h)
8/
26
76

vs
19
/2
68
9

Ag
ne
lli
20
13
Ex
t

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
08
–
20
11

Ap
ixa
ba
n
(2
.5
m
g,

5m
g)

Pl
ac
eb
o

1/
16
35

vs
1/
82
9

Na
ka
m
ur
a
20
15

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Ja
pa
n

NA
Ap
ixa
ba
n
(1
0
m
g
tw
ic
e)

W
ar
fa
rin

0/
40

vs
0/
40

Bu
lle
r
20
13

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
10
–
20
12

Ed
ox
ab
an

(6
0m

g)
W
ar
fa
rin

27
/4
11
8
vs

18
/4
12
2

Sc
hu
lm
an

20
09

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe
,
No
rth

Am
er
ic
a

20
06
–
20
08

Da
bi
ga
tra
n
(1
50
m
g)

W
ar
fa
rin

53
/1
27
4
vs

35
/1
26
5

Sc
hu
lm
an

20
14

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe
,
No
rth

Am
er
ic
a

20
08
–
20
10

Da
bi
ga
tra
n
(1
50

m
g
tw
ic
e)

W
ar
fa
rin

48
/1
27
9
vs

33
/1
28
9

Sc
hu
lm
an

20
13
(R
E-
M
ED
Y)

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
06
–
20
10

Da
bi
ga
tra
n
(1
50

m
g
tw
ic
e)

W
ar
fa
rin

5/
14
30

vs
8/
14
26

Sc
hu
lm
an

20
13
(R
E-
SO

NA
TE
)

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
So
ut
h
Am

er
ic
a,

Eu
ro
pe
,
As
ia
n
Pa
ci
fi
c

20
07
–
20
10

Da
bi
ga
tra
n
(1
50

m
g
tw
ic
e)

Pl
ac
eb
o

2/
68
1
vs

0/
66
2

(c
on
tin
ue
d
)

Oh et al. Medicine (2021) 100:11 www.md-journal.com

5

http://www.md-journal.com


T
a
b
le

1

(c
o
nt
in
ue

d
).

St
ud

y
(p
at
ie
nt
s)

St
ud
y
de
si
gn

So
ur
ce

of
pa
rt
ic
ip
an
t

St
ud
y
Pe
rio

d
In
te
rv
en
tio

n
Co

nv
en
tio

na
l

tr
ea
tm

en
t

M
aj
or

GI
bl
ee
di
ng
,n

/N
NO

AC
vs

n/
N
co
nv
en
tio

na
l

tr
ea
tm

en
t
gr
ou
p

Po
st
-s
ur
gi
ca
lp
ro
ph
yla
xis

of
ve
no
us

th
ro
m
bo
em

bo
lis
m

(1
1
st
ud
ie
s)

La
ss
en

20
09

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

NA
Ap
ixa
ba
n
(2
.5
m
g
tw
ic
e)

En
ox
ap
ar
in
(3
0m

g)
1/
15
96

vs
6/
15
88

La
ss
en

20
10
K

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
07
–
20
08

Ap
ixa
ba
n
(2
.5
m
g
tw
ic
e)

En
ox
ap
ar
in
(4
0m

g)
2/
15
01

vs
2/
15
08

La
ss
en

20
10
H

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
07
–
20
09

Ap
ixa
ba
n
(2
.5
m
g
tw
ic
e)

En
ox
ap
ar
in
(4
0m

g)
4/
26
73

vs
0/
26
59

Fu
ji
20
14
K

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Ja
pa
n

20
09

Ed
ox
ab
an

(3
0m

g)
En
ox
ap
ar
in
(2
00
0I
U)

1/
35
4
vs

0/
34
9

Fu
ji
20
15

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Ja
pa
n

20
09
–
20
10

Ed
ox
ab
an

(3
0m

g)
En
ox
ap
ar
in
(2
00
0I
U)

0/
30
3
vs

2/
30
1

Fu
ji
20
14
H

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Ja
pa
n

20
08
–
20
09

Ed
ox
ab
an

(3
0m

g)
En
ox
ap
ar
in
(2
00
0I
U)

1/
59

vs
0/
29

Er
ik
ss
on

20
07

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
04
–
20
06

Da
bi
ga
tra
n
(1
50

m
g
or

22
0m

g)
En
ox
ap
ar
in

1/
23
09

vs
0/
11
54

Er
ik
ss
on

20
08

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
06
–
20
07

Ri
va
ro
xa
ba
n
(1
0m

g)
En
ox
ap
ar
in
(4
0m

g)
2/
22
09

vs
1/
22
24

Ka
kk
ar

20
08

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
06
–
20
07

Ri
va
ro
xa
ba
n
(1
0m

g)
En
ox
ap
ar
in
(4
0m

g)
1/
12
28

vs
0/
12
29

Tu
rp
ie
20
09

Do
ub
le
bl
in
d
ra
nd
om

ize
d

No
rth

Am
er
ic
a,
Eu
ro
pe

20
06
–
20
07

Ri
va
ro
xa
ba
n
(1
0m

g)
En
ox
ap
ar
in
(3
0m

g)
1/
15
26

vs
0/
15
08

La
ss
en

20
08

Do
ub
le
bl
in
d
ra
nd
om

ize
d

Eu
ro
pe

20
06

Ri
va
ro
xa
ba
n
10
m
g

En
ox
ap
ar
in
(4
0m

g)
7/
12
,2
0
vs

6/
1,
23
9

NA
=

no
n-
av
ai
la
bl
e.

Oh et al. Medicine (2021) 100:11 Medicine

6

could affect the results of analysis of the 2 agents. In addition,
concerning CrCl, off-label under-dosing of NOAC occurs in
about 40% of real-world practice, possibly leading to different
results between RCTs and population studies.[56,57]

Ethnicity could be another factor. The population cohort
studies were conducted with Western countries cohorts, while
RCT studies included those conducted with Asian groups. In
addition, RCTs for postsurgical prophylaxis of VTE included
Asian trials. These ethnic differences may be related to VKORC1
gene variation or factor V Leiden mutation, which is common or
exceedingly rare in Asians, and may play role in varying
outcomes of the analyses.[19,58,59]

The pathophysiology of different GI bleeding risk with
individual NOACs is uncertain. One possible explanation is
different and lower oral bioavailability of NOACs. Dabigatran,
apixaban, and rivaroxaban had 6%, 50%, and 60% to 80% oral
bioavailability, respectively.[60,61] In addition, incomplete ab-
sorption of the NOACs across the GI mucosa could lead to
activation of intra-luminal anticoagulant activity. [62,63] This
theory may explain the increased risk of major GI bleeding with
dabigatran or rivaroxaban compared to that with warfarin, and
might explain the increased risk of GI bleeding rather than
bleeding at sites such as the brain. Nevertheless, this is not
sufficient to explain the decreased, equivalent, and increased risk
of GI bleeding with apixaban and edoxaban compared to
warfarin, respectively. The biological differences for GI bleeding
of individual NOACs need further study.
Despite the fact that individual NOACs are associated with

distinct profiles of GI bleeding, there are no specific screening
guidelines and no established risk factor grading system for GI
bleeding for individual NOACs. Current guidelines have not
definitely addressed the risk of major bleeding risk of GI bleeding
with individual NOACs [64]. Although based on insufficient data,
American Gastroenterological Association recommended lower-
ing dose of dabigatran and rivaroxaban depending on creatinine
clearance. Other risk stratification tools for GI bleeding or
specific recommendations for preventing GI bleeding for
individual NOACs have not been defined. We found individual
NOACs had various GI bleeding profiles, and the results of RCTs
and population studies showed slight differences. In addition,
patients with NOACs had various comorbidities that are known
to increase risk of GI bleeding. Therefore, creation and validation
of individual NOAC-specific scoring tools for GI bleeding, such
as the HAS-BLED score [65] are needed, as are recommendations
of patient screening, selection, and changing of NOACs.
This study has several limitations. First, we could perform

network analysis only on studies with AF patients. Other studies
with VTE or PE and postsurgery VTE prophylaxis were not
subjected to network analysis, because a closed loop was not
formed. Second, there was heterogeneity because RCTs as well as
observation studies were analyzed. Nevertheless, major con-
founding factors (including age, use of gastroprotective agents,
and ulcerogenic agents (including antiplatelet agents, NSAIDs,
steroids, and selective serotonin reuptake inhibitors), as well as
indications for anticoagulation were evaluated using subgroup
and sensitivity analysis. Through analysis of not only RCTs but
also observation studies, we recognized differences between them
which make this study to be relevant. These differences suggest
that further studies are needed. Last, all the included studies in
this meta-analysis investigated the warfarin and enoxaparin as
VKA and low molecular weight heparin group respectively.
Further studies accessed other various types of conventional



Table 2

Inconsistency test between direct and indirect treatment comparisons in mixed treatment comparison.

Direct Indirect Difference

Side Coef Std. Err Coef Std. Err Coef Std. Err P > jzj
AvsB �0.2207917 0.1778605 �0.9997044 0.189685 0.7789127 0.2594087 .103
AvsC 0.1685377 0.1590577 0.3348726 0.2327751 �0.1663349 0.2814689 .555
AvsD 0.0609293 0.2311838 0.123441 1.011456 �0.0625117 1.038363 .952
AvsE 0.1339615 0.1858956 0.6116441 0.2010711 �0.4776826 0.2742042 .081
AvsF 0.8642481 0.4970639 �0.3319522 0.4595372 1.1962 0.6769394 .077
BvsC 1.312897 0.2981637 0.62859 0.2021851 0.6843069 0.3602505 .057
BvsE 1.300795 0.3325848 0.7915953 0.2337526 0.5092002 0.4065131 .21
BvsF 0.2263967 0.67782 1.066951 0.4201928 �0.840554 0.7972694 .292
CvsE 0.1977302 0.2088035 0.0180269 0.2178189 0.1797033 0.3016484 .551
CvsF �0.4056816 1.655209 0.0088333 0.3622032 �0.4145148 1.694376 .807
DvsF 0.0977506 0.9423688 0.1602654 0.4362663 �0.0625148 1.038369 .952
EvsF �0.9106376 0.8555769 0.0362069 0.3859908 �0.9468445 0.9386117 .313

A = wafarin, B = apixaban, C = dabigatran, Coef = coeffiiciency, D = edoxaban, E = ribaroxaban, F = enoxaparin, Std. Err = standard error.

Oh et al. Medicine (2021) 100:11 www.md-journal.com
anticoagulation therapies employed in real clinical world,
especially such as dalteparin and nadroparin, are needed.
In conclusion, this network meta-analysis showed that

individual NOACs had distinct profiles of GI bleeding risk.
Overall, apixaban significantly decreased the risk of GI
bleeding, and rivaroxaban increased the risk of GI bleeding
Figure 3. The interval plot of the relative risk for the major gastroin
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than did individual NOACs and conventional therapy.
According to the meta-analysis of RCTs, dabigatran increased
the risk of GI bleeding. To confirm the clinical relevance
and to establish the practical clinical guidelines for tailored
therapy, high-quality head-to-head comparison studies are
needed.
testinal bleeding in network meta-analysis including all studies.
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Figure 4. The interval plot of the relative risk for the major gastrointestinal
bleeding according to the indication (A) atrial fibrillation, (B) deep venous
thrombosis/pulmonary embolism, and (C) post-surgical prophylaxis.
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