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ABSTRACT

Objective Postmarketing observational studies report that
a substantial percentage of patients with atrial fibrillation
(AF) receive a reduced non-vitamin K antagonist oral
anticoagulant (NOAC) dose without a clear indication.
Recently, increasing evidence has become available

to explore the clinical consequences of such off-label
reduced dosing (OLRD). This study aims to systematically
review and meta-analyse observational studies that
report clinical outcomes associated with OLRD of NOACs
compared with on-label non-reduced dosing (OLNRD) of
NOACs in patients with AF.

Methods and analysis We performed a systematic
literature review and meta-analysis of observational
studies reporting clinical outcomes in AF patients with
OLRD of an NOAC compared with AF patients with OLNRD
of an NOAC. Using random effects meta-analyses, we
estimated the risk of stroke/thromboembolism, bleeding
and all-cause mortality.

Results We included 19 studies with a total of 170 394
NOAC users. In these studies, the percentage of OLRD
among patients with an indication for an on-label non-
reduced NOAC dose ranged between 9% and 53%. 7 of
these 19 studies met the predefined criteria for meta-
analysis (n=80725 patients). The pooled HR associated
with OLRD of NOACs was 1.04 (95% Cl 0.83 to 1.29;
95% prediction interval (PI) 0.60 to 1.79) for stroke/
thromboembolism, 1.10 (95% CI 0.95 to 1.29; 95% PI
0.81 to 1.50) for bleeding and 1.22 (95% Cl 0.81 to 1.84;
95% PI 0.55 to 2.70) for all-cause mortality.

Conclusion This meta-analysis shows no statistically
significant increased risk of stroke/thromboembolism,
nor a decreased bleeding risk, nor a difference in risk of
all-cause mortality in patients with OLRD of NOACs. Future
research may focus on differences between NOACs.

INTRODUCTION

Oral anticoagulants are of critical value for
stroke prevention in atrial fibrillation (AF).
Despite the effectiveness of the oldest form
of anticoagulation, vitamin K antagonists

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Postmarketing studies reported that many patients
with atrial fibrillation receive a reduced dose of non-
vitamin K antagonist oral anticoagulants (NOACs)
without a clear indication.

= To what extent patients experience clinical conse-
quences of such off-label reduced dosing (OLRD) is
not yet known.

WHAT THIS STUDY ADDS

= While other studies have compared patients with
OLRD to patients with on-label dosing (ie, both
on-label reduced and on-label non-reduced), we
compared OLRD to on-label non-reduced dos-
ing (OLNRD), which is clinically the most relevant
comparison.

= Our systematic review and meta-analysis showed
that there is no statistically significant increased
risk of stroke/thromboembolism, nor a decreased
bleeding risk, nor a difference in risk of all-cause
mortality in patients with OLRD of NOACs compared
with OLNRD of NOACs.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study summarises all observational studies on
the clinical outcomes of OLRD of NOACs, thereby in-
forming clinicians that they, in close discussion with
their patients, should decide on the best treatment

regimen in the specific situation of each patient.

(VKAs), studies have repeatedly shown
that historically patients with AF often do
not receive anticoagulants or antiplatelet
therapy instead. Such ‘underuse’ of antico-
agulants in patients with AF at high risk of
stroke was in the order of 50%." With the
introduction of non-VKA oral anticoagulants
(NOAGs) in 2009, underuse of anticoagu-
lants for AF decreased considerably given
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that randomised trials showed that NOACs are at least as
effective as VKAs, have fewer drug and food interactions,
and overall a lower risk of serious bleeding, notably intrac-
ranial bleeds.” Moreover, NOACs do not require INR
monitoring; a fixed dose can be used.” Currently, four
NOACs have been approved for patients with AF,"™® and
these agents rapidly became recommended as first-line
agents for most AF patients in clinical guidelines. While
this initially alleviated the concerns about ‘underuse’ of
anticoagulants, a new pitfall has arisen. For each NOAC,
besides a non-reduced dose, a reduced dose is available
for specified subgroups of patients. However, accrual of
postmarketing evidence showed that many patients (in
the order of 20%-30%) receive a reduced NOAC dose
withoutany clear indication, likely to mitigate a presumed
high risk of bleeding.”™* This so-called ‘off-label reduced
dosing’ (OLRD) may put patients in need of oral antico-
agulants at unnecessary risk of thromboembolism, while
the anticipated attenuation of bleeding risk may in fact
be negligible, or at least does not justify this OLRD."

Several systematic reviews have evaluated the clin-
ical consequences of such OLRD." '*'® However, the
included studies in these reviews are highly heteroge-
neous, suffer from confounding and/or compare patients
with OLRD to all patients receiving an on-label dose (ie,
both on-label reduced and on-label non-reduced). A
more clinically relevant comparison is the comparison of
OLRD to on-label non-reduced dosing (OLNRD) only.
After all, clinicians wonder what happens if they reduce
the dose in patients who are presumed to be at high risk
of bleeding (ie, the most common incentive for clinicians
to opt for OLRD of NOAGCs), but who do not formally
meet the dose reduction criteria and should, therefore,
receive an on-label non-reduced NOAC dose. We; there-
fore, systematically reviewed all observational studies
that report clinical outcomes associated with OLRD of
NOAGCs compared with OLNRD of NOACs in patients
with AF and estimated the risk of stroke/thromboembo-
lism, bleeding and all-cause mortality performing meta-
analyses only in studies meeting predefined criteria (in
order to reduce the impact of confounding).

MATERIALS AND METHODS

Search strategy

We performed a systematic search to identify all obser-
vational studies reporting on clinical outcomes associ-
ated with OLRD of NOAG:s for stroke prevention in AF
patients from 1 January 2009 to 10 July 2022. We searched
PubMed and Embase using search terms for ‘dose reduc-
tion’ and ‘NOAC’, including synonyms and MeSH head-
ings where appropriate, and without language restric-
tions. For the full search syntax, see online supplemental
file 1.

Definitions and study selection
We defined OLRD of NOAGs as the use of an NOAC
dose lower than the recommended on-label non-reduced

NOAC dose in absence of a clear indication for dose
reduction as formulated either by the Summary of
Product Characteristics (SPC),""* the Food and Drug
administration (FDA),** the European Society of Cardi-
ology (ESC),? the European Heart Rhythm Association
(EHRA),?® the landmark NOAC trials’™® (see table 1) or
other guidelines. Clinical outcomes under consideration
were stroke/thromboembolism (defined as (ischaemic)
stroke and/or transient ischaemic attack (TIA) and/
or thromboembolism), bleeding (defined as (major)
bleeding), all-cause hospitalisation, all-cause mortality
and major adverse clinical events (MACE) (defined as
cardiovascular mortality, and/or myocardial infarction,
and/or a composite of cardiovascular diseases, such as
stroke/thromboembolism and bleeding).

We selected all original observational studies on stroke
prevention in patients with AF without a mechanical heart
valve and/or severe mitral valve stenosis, describing the
use of any of the registered NOACs (ie, dabigatran, rivar-
oxaban, apixaban and/or edoxaban), and presenting
data on clinical outcomes of treatment with an off-label
reduced NOAC dose compared with treatment with the
on-label (ie, the recommended) non-reduced NOAC
dose. We excluded studies including patients below the
age of 18 years or including patients with venous throm-
boembolism (unless it was possible to analyse AF patients
separately), and studies in highly selected patient popula-
tions (eg, patients with a highly specific age, only patients
with cancer, severe kidney disease, obesity or COVID-
19, or those on haemodialysis or after major surgery or
arrhythmia surgery). Four reviewers (L], RvM, CJvdD and
SvD) independently screened the total of selected articles
based on title and abstract in duplicate and resolved any
uncertainties by discussion. Of all potential studies, three
reviewers (L], RvM and SvD) independently evaluated
the full text for eligibility in duplicate and resolved any
disagreements by discussion. Reasons for exclusion were
recorded. For each included study, the reference list was
evaluated for any additional relevant studies.

Critical appraisal and risk of bias assessment

Three reviewers (L], RvM and SvD) critically appraised all
included studies and independently performed a risk of
bias assessment in duplicate using the Newcastle-Ottawa
quality Scale (NOS) for cohort studies™ supplemented
by an item for handling missing data (see online supple-
mental file 2), and resolved any disagreements by discus-
sion.

Data extraction

From each included study, three reviewers (L], RvM and
SvD) extracted (1) study and patient characteristics (see
online supplemental file 3), (2) the absolute number of
patients receiving an off-label reduced NOAC dose and
the absolute number of patients receiving the on-label
non-reduced NOAC dose and (3) the exact definition
of each clinical outcome (stroke/thromboembolism,
bleeding, all-cause hospitalisation, all-cause mortality and
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Table 1

Indications for dose reduction of NOACs used for stroke prevention in atrial fibrillation patients

NOAC-trials®*® SPC'®2

FD A23—26

ESC guidelines? EHRA guidelines®

Dabigatran RE-LY: 150 mg b.d.
No dose reduction in trial.
110mg b.d.

No dose reduction in trial.

150mg b.d. — 110mg b.d.

» Age >80 years

» Verapamil use

Consider dose reduction in case of:
» Age 75-80 years

»  CrCl 30-50 mL/min/1.73m?
P Gastritis/esophagitis/GERD
P Other increased bleeding risk

Rivaroxaban ~ ROCKET-AF:20mg o.d. —15mg  20mg o.d. — 15mg o.d.

od. » CrCl 15-49mL/min/1.73m?
»  CrCl 30-49 mL/min/1.73 m?

J-ROCKET-AF: 15mg 0.d. -10mg

o.d.

» CrCl 30-49mL/min/1.73m?

Apixaban ARISTOTLE: 5mg b.d. — 2.5mg 5mgb.d. —» 2.5mg b.d.
b.d. » CrCl 15-29mL/min/1.73m? >
> >2 of the following criteria: > >2 of the following criteria:
— Age >80 years — Age >80 years | 2
—  Serum creatinine >1.5mg/ —  Serum creatinine >1.5mg/
dL (133 pmol/L) dL (133 pmol/L)
— Body weight <60 kg — Body weight <60 kg

Edoxaban ENGAGE AF-TIMI 48: 60 mg 0.d. —

30mg o.d.

» CrCl 30-50 mL/min/1.73m?

» Body weight <60 kg

P Verapamil, quinidine,
dronedarone

30mg 0.d. - 15mg o.d.

»  CrCl 30-50 mL/min/1.73m?

» Body weight <60 kg

P Verapamil, quinidine,
dronedarone

60mg 0.d. — 30mg o.d.

» CrCl 15-50 mL/min/1.73m?

» Body weight <60 kg

» Ciclosporin, ketoconazole,
dronedarone, erythromycin

150mg b.d. — 75mg b.d.
» CrCl 15-30 mL/min/1.73 m, Not reported
» CrCl 30-50mL/

min/1.73 m*+dronedarone

or systemic ketoconazole

20mg o0.d. — 15mg o.d.
» CrCl 15-50mL/min/1.73m? » CrCl 30-49mL/

5mg b.d. - 2.5mg b.d.
Concomitant dual inhibitors P>
of P-gp and CYP3A4

>2 of the following criteria: =

60mg 0.d. - 30mg o.d.
» CrCl 15-50mL/min/1.73m* B>

150mg b.d. - 110mg b.d. 150 mg b.d. — 110mg b.d.

» Age >80 years

» Verapamil use

Consider dose reduction in case 0f>2

of the following criteria:

Age >75 years

CrCl 30-49 mL/min/1.73m?

Body weight <60kg

Quinidine, amiodarone,

clarithromycin or erythromycin

use

D Other reasons for increased
bleeding risk

\AAA4

20mg o0.d. — 15mg o.d. 20mg o0.d. — 15mg o.d.

» CrCl 15-49 mL/min/1.73 m?

Consider dose reduction in case of

>2 of the following criteria:

> Age >75 years

» Body weight <60 kg

» Dronedarone,
quinidine,clarithromycin,
erythromycin, fluconazole,
ciclosporin, tacrolimus

» Amiodarone when CrCl <50 mL/
min/1.73m?

P Other reasons for increased
bleeding risk

5mg b.d. — 2.5mg b.d.

CrCl 15-29 mL/min/1.73m?

>2 of the following criteria:

Age >80 years — Age >80 years

Serum creatinine —  Serum creatinine >1.5mg/

>1.5mg/dL dL

(133 pmol/L) — Body weight<60kg

Body weight <60kg Consider dose reduction in case of

>2 of the following criteria:

> Age >75 years

» Body weight <60 kg

» Amiodarone,
diltiazem,dronedarone, or
naproxen use

P Other reasons for increased
bleeding risk

min/1.73m?

5mg b.d. — 2.5mg b.d.
>2 of the following >
criteria: >

Age >80 years -
Serum creatinine

>1.5mg/dL

Body weight <60kg -

60mg 0.d. — 30mg o.d.

CrCl 30-50 mL/

min/1.73m?

» Body weight <60 kg

» Verapamil, quinidine,
dronedarone

30mg o0.d. - 15mg o.d.

» CrCl 30-50mL/
min/1.73m?

» Body weight <60 kg

P Verapamil, quinidine,
dronedarone

60mg 0.d. — 30mg o.d.

» CrCl 15-49 mL/min/1.73 m?

> Body weight <60 kg

P Dronedarone, clarithromycin,
erythromycin, itraconazole,
ketoconazole, posaconazole,
voriconazole, cyclosporine,
tacrolimus

Consider dose reduction in case of

>2 of the following criteria:

> Age >75 years

» Amiodarone, quinidine,
verapamil

P Other increased bleeding risk

AF, atrial fibrillation; b.d., two times a day; CrCl, creatinine clearance; EHRA, European Heart Rhythm Association; ESC, European Society of Cardiology; FDA, Food and Drugs
Administration; GERD, gastro-oesophageal reflux disease; NOAC, non-vitamin K antagonist oral anticoagulant; o.d., once daily; SPC, Summary of Product Characteristics.

MACE), its associated relative risk for OLRD compared
with OLNRD (stratified by dabigatran, rivaroxaban, apix-
aban and edoxaban if possible) and the method used to
adjust for confounding.

Data analyses

First, we described the results of the systematic search, the
main study and patient characteristics, and the results of
risk of bias assessment. We calculated the percentage of
patients with OLRD of NOAGs as the number of patients

with OLRD relative to the total number of patients with
an indication for an on-label non-reduced NOAC dose
(ie, the sum of patients receiving OLRD and OLNRD).
Finally, where possible, we meta-analysed studies
meeting predefined criteria. Foremost, observational
studies often suffer from confounding (ie, factors that
influence both the use of OLRD and the risk of adverse
clinical outcomes) that should always be taken into
account in the analyses. Patients who receive a reduced
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dose without a clear indication do so for a reason. There-
fore, only studies that aimed to reduce the impact of
this confounding by indication by applying propensity
scoring methods (for at least sex and age) in the anal-
yses of all predefined clinical outcomes in relation to
OLRD of NOAGs and by reporting an HR were included
in the meta-analysis, if in addition the risk of bias was
low in the representativeness of the exposed and non-
exposed cohort (ie, both awarded with a star according
to the NOS) and appropriate guidelines (ie, SPC, FDA,
ESC, EHRA or landmark NOAC trial(s)) to determine
whether a non-reduced or a reduced NOAC dose is indi-
cated were used. Assuming heterogeneity among studies,
we applied random effects meta-analysis of the log
transformed HRs using restricted maximum likelihood
estimation. We calculated 95% CI by using the Hartung-
Knapp-Sidik-Jonkman method.” Between-study hetero-
geneity was expressed by the 95% prediction interval
(95% PI). This interval indicates the range of occurrence
of a specific clinical outcome within patients receiving
an off-label reduced NOAC dose that can be expected in
future observational studies with similar characteristics as
those included in our review.

We performed analyses in R V.1.3.1093,”" with the
package ‘metaphor’ V.3.4-0.%

RESULTS

Systematic search

The results of the systematic search are shown in figure 1.
The initial search in PubMed and Embase yielded 10780
records of which we removed 2337 duplicates. Title
and abstract screening of the remaining 8443 records
resulted in the selection of 132 records. After assessment
of the full text, eligibility criteria were met in 19 articles.

PubMed Embase

n=4,641 n=6,139
Total records after search
n=10,780
B
n=2,337
Records screened on title/abstract
n=8,443
Not eligil
n=8,311
Records screened on full-text
n=132
Not eligible
n=113

Reasons for exclusion:

- No full-text available (n=1).

- Highly selected group of patients or data on patients
with non-valvular AF cannot be extracted (n=30).

- Study does not report off-label reduced dosing
compared to on-label non-reduced dosing (n=50).

- Study does not report association between
off-label reduced dosing and outcome(s) (n=29).

- Other (n=3).

Articles included
n=19

Figure 1 Flow chart with the results of the systematic
search. AF, atrial fibrillation.

For an overview of the excluded studies based on full-
text screening, including reason for exclusion, see online
supplemental file 4. No additional relevant studies were
found. Eventually, 19 studies were included in the current
systematic review.”™!

Study and patient characteristics of all included studies
The 19 included original observational studies, involving
170 394 NOAC-users, showed data from October 2010 to
December 2017. The majority of the studies were carried
out in Asian countries (most notable in Japan (n=8) and
Korea (n=4)) and in the USA (n=4), and showed data
on rivaroxaban (n=7), apixaban (n=7), dabigatran (n=4)
and edoxaban (n=1). Duration of follow-up ranged from
a median of 4.0 months to a median of 39.3 months.
The percentage of male sex ranged from 47.4% to
78.0%; the mean age of study populations ranged from
67.2 to 78.7 years. Overall, hypertension was the most
common reported comorbidity, ranging from 54.0%
to 95.4%. The percentage of patients with a history of
(ischaemic) stroke (and TIA and/or thromboembolism)
ranged from 5.9% to 49.8%. The percentage of OLRD
ranged from 8.9% to 53.0%. A detailed overview of all
extracted study and patient characteristics can be found
in online supplemental file 5.

Risk of bias assessment

An overview of the risk of bias assessment can be found
in online supplemental file 6. In general, all studies
scored well on the selection, comparability and outcome
category of the NOS, except for demonstrating that the
outcome of interest was not present at the start of the
study and adequacy of follow-up of the cohorts.*” Three
out of 19 studies reported on the handling of missing
data, all using multiple imputation.

Meta-analysis of clinical outcomes associated with OLRD of
NOACs
Seven studies met the predefined criteria for meta-analysis
(n=80725) (see online supplemental file 7) 3435 5743464750
The percentage of OLRD in these studies ranged from
9.6% to 53.0%. The pooled HR associated with OLRD of
NOACs in AF patients was 1.04 (95% CI 0.83 to 1.29; 95%
PI10.60 to 1.79) for stroke/thromboembolism, 1.10 (95%
CI 0.95 to 1.29; 95% PI 0.81 to 1.50) for bleeding and
1.22 (95% CI 0.81 to 1.84; 95% PI 0.55 to 2.70) for all-
cause mortality (figure 2). Of studies meeting our criteria
for meta-analysis no study reported on all-cause hospital-
isation, and only two studies reported on MACE, (HR of
1.2 (95% CI 1.05 to 1.37) and 1.4 (0.94 to 2.1).**%7
When also including studies that used multivariate
regression to adjust for confounding, we could meta-
analyse one additional study that did not change our
results (data not shown).**

DISCUSSION
In this systematic review and meta-analysis of observational
studies, we found no statistically significant increased risk
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A
Author NOAC Year® Proportion OLRD HR [95% CI] (95% PI)
Lee Apixaban 1-1-2015 0.408 —— 145[1.14,1.84]
Salameh Apixaban 1-11-2013 0.429 Hl 1.00[0.78,1.29]
Cho.1 Apixaban 1-7-2015 053 B = 1.2710.99, 1.62]
Briasoulis Dabigatran 1-10-2010 0.153 il 0.74[0.53, 1.04]
Yao Rivaroxaban 1-10-2010 0.096 P 0.71[0.24,2.10]
lkeda Rivaroxaban 1-4-2012 0.358 —-— 1.15[0.66, 1.99]
Cho.2 Rivaroxaban 1-7-2015 0.506 Hil 0.80[0.62, 1.04]
Steinberg Combination 1-2-2013 0.103 —— 1.11[0.61,2.02]
RE Model - 1.04[0.83,1.29]
(06-1.79)
1 T 1T T 1
0 05 1 15 2 25
hazard ratio
B
Author NOAC Year* Proportion OLRD HR [95% CI] (95% PI)
Lee Apixaban 1-1-2015 0.408 —— 0.99[0.71,1.38]
Salameh Apixaban 1-11-2013 0.429 il 1.36[1.09, 1.69]
Cho.1 Apixaban 1-7-2015 053 [ E— 1.38[0.84,2.27]
Briasoulis Dabigatran 1-10-2010 0.153 —— 1.01[0.74,1.37]
Yao Rivaroxaban 1-10-2010 0.096 — 1.00[0.58,1.72]
lkeda Rivaroxaban 1-4-2012 0.358 - 0.82[0.61,1.11]
Cho.2 Rivaroxaban 1-7-2015 0.506 A 1.19[0.91, 1.55]
Steinberg Combination 1-2-2013 0.103 - 1.15[0.76, 1.74]
RE Model - 1.10[0.95,1.29]
(0.81-1.5)
| N I —
05 1 15 2 25
hazard ratio
C
Author NOAC Year* Proportion OLRD HR [95% CI] (95% PI)
Lee Apixaban 1-1-2015 0.408 HEH 1.28[1.10, 1.49]
Cho.1 Apixaban 1-7-2015 0.53 —a— 1.49[1.12,1.98]
Cho.2 Rivaroxaban 1-7-2015 0.506 o 0.83[0.63, 1.10]
Steinberg Combination 1-2-2013 0.103 A 1.40[0.97,2.01]
RE Model o —— - 1.22[0.81, 1.84]
(0.55-2.7)
| S N ——
05 1 15 2 25
hazard ratio

Figure 2 Meta-analyses in atrial fibrillation patients with off-label reduced dosing of an NOAC versus on-label non-reduced
dosing of an NOAC. (A) With outcome (ischaemic) stroke (and TIA and/or thromboembolism). (B) With outcome bleeding. (C)
With outcome mortality. *Year=starting date of inclusion of patients. NOAC, non-vitamin K antagonist oral anticoagulant; OLRD,
off-label reduced dosing; PI, prediction interval; TIA, transient ischaemic attack.
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of stroke/thromboembolism, nor a decreased bleeding
risk, nor a difference in risk of all-cause mortality in
patients with OLRD compared with OLNRD of NOAGCs.

The effect of OLRD of NOACs

Although all point estimates in our meta-analysis lie
above 1, indicating a possible harmful effect, it cannot be
concluded from our meta-analysis that OLRD of NOACs
overall in fact is harmful, not to mention beneficial.
However, it should be realised that NOACs differ. First,
plasma levels may be more stable for some NOACs than
for others due to once daily (rivaroxaban and edoxaban)
versus two times daily (dabigatran and apixaban) dosing.
Second, NOAG:s vary in the percentage by which the dose
should be reduced (50% for apixaban and edoxaban;
25%-33% for dabigatran and rivaroxaban). Finally, some
NOACGs have more extensive dose reduction criteria than
others, which might suggest that OLNRD of NOACs with
more extensive dose reduction criteria is more tailored
to the individual patient and that OLRD of these NOACs
might cause more harm. This may explain why data in
our study suggest a harmful effect of OLRD specifically
for apixaban (of the apixaban studies, almost all HRs
for stroke/thromboembolism, bleeding and all-cause
mortality are above 1). However, we cannot confirm this,
because there were not sufficient studies meeting our
inclusion criteria for meta-analysis stratified by the four
different NOAGs.

CGomparison with existing literature

In a recent meta-analysis, Caso et al compared OLRD to
on-label dosing (ie, both on-label reduced and on-label
non-reduced). This showed that OLRD increased the risk
of all-cause mortality (HR 1.28 (95% CI 1.10 to 1.49))
with a null effect on major bleeding (HR 1.04 (95% CI
0.90 to 1.19))."®

In another previous meta-analysis, the authors also
compared OLRD to, again, on-label dosing and used
less stringent inclusion criteria, which allowed them to
include more studies and examine each NOAC sepa-
rately. This showed that OLRD of rivaroxaban may
increase the risk of stroke/thromboembolism (HR 1.31
(95% CI 1.05 to 1.63)) compared with on-label dosing
of rivaroxaban, whereas OLRD of apixaban may increase
the incidence of all-cause mortality (HR 1.21 (95% CI
1.05 to 1.40)) compared with on-label dosing of apix-
aban. They reported no differences in outcomes when
comparing OLRD versus on-label dosing of dabigatran
and edoxaban.'’

A third meta-analysis combined the four NOACs in
their analyses and showed higher risk of stroke/systemic
embolism (risk ratio (RR) 1.24 (95% CI 1.14 to 1.35))
without a reduction in bleeding risk (RR 1.18 (95% CI
0.91 to 1.53)) and a higher risk of all-cause mortality
(RR 1.58 (95% CI 1.25 to 1.99)) in patients with OLRD
compared with on-label dosing. However, this meta-
analysis largely lacked measures to prevent confounding.
Moreover, it also compared OLRD to on-label dosing (ie,

both on-label reduced and on-label non-reduced) instead
of comparing OLRD to OLNRD as we did."”

In contrast to these previous studies, we did not find
an increased risk for all-cause mortality in patients with
OLDR. The most obvious explanation could be the
comparison we choose. Unlike previous meta-analyses,
we restricted our included studies to those comparing
OLRD to OLNRD. This is the most clinically relevant
comparison, as it represents the patient groups—those
without an indication for dose reduction—in whom clini-
cians face a dosing dilemma most often.

Strengths and limitations

This selection of studies comparing OLDR only with
OLNRD is the major strength of our study. Second, we
tried to minimise the influence of confounding by indica-
tion as best as possible by including only studies meeting
predefined criteria, including applying propensity
scoring methods. Finally, we conducted a very compre-
hensive and thorough search which resulted in a large
sample size.

Limitations of our study are: (1) the inclusion of a
predominantly Asian population who has shown to
have different pharmacokinetics, meaning that our
results cannot be generalised on a one-to-one basis to,
for example, the Western population; (2) the fact that
we could not include enough studies to stratify by NOAC
in the meta-analysis; (3) risks of misclassification within
studies (eg, when an NOAC dose has been changed by a
cardiologist but is not yet recorded in the general prac-
titioner’s file, while the latter has been requested by the
study) and significant heterogeneity between studies
(eg, in the duration of follow-up (with a median ranging
from 4 to 24 months in our meta-analyses)) which is
both inherent to using data from observational studies
and(4) conducting our research at study level rather than
at patient level (as we did not have data on individual
patient level).

Clinical implications and areas for future research

Choosing an NOAC dose is all about balancing stroke
risk against bleeding risk. Our results indicate that the
risk of stroke may not be increased while the risk of
bleeding may not be decreased in patients that are
prescribed OLRD of NOACs compared with patients with
OLNRD of NOACGs. This may be considered as an argu-
ment to adhere to prescription guidelines in most, if not
all, patients. However, our results may also indicate that
OLRD of NOACGCs may not be harmful in specific cases.
Physicians, in close discussion with their patients, may use
our findings to decide on the treatment regimen in the
specific situation of each patient. Future research may
focus on these situations and, and perhaps more impor-
tantly, on differences between NOAGCs.

In conclusion, this systematic review and meta-analysis
shows that there is no statistically increased risk of stroke /
thromboembolism, nor a decreased bleeding risk, nor a
difference in risk of all-cause mortality in patients with
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OLRD of NOACs compared with patients with OLNRD
of NOAGs. Future research may focus on differences
between NOAGCs.

Author affiliations

"Department of General Practice, Julius Center for Health Sciences and Primary
Care, University Medical Center, Utrecht, Netherlands

2Duke Clinical Research Institute, Duke University Medical Center, Durham, North
Carolina, USA

3Department of Cardiology, Rijnstate Hospital, Arhem, Netherlands

*Department of Cardiology, Radboud University Medical Center, Radboud University,
Nijmegen, Netherlands

Contributors LJ, RvM, CJvdD, G-JG and SvD conceived and designed this study.
LJ, RvM, CJvdD and SvD screened and selected the articles for inclusion. LJ, RvM
and SvD performed the data extraction and risk of bias assessment. SvD performed
statistical analyses. All authors contributed to the interpretation of the results. LJ,
RvM and SvD wrote the first manuscript draft and subsequent revisions. All authors
critically revised the manuscript and gave final approval. The corresponding author
attests that all listed authors meet authorship criteria and that no others meeting
the criteria have been omitted. Transparency: The lead author (the manuscript’s
guarantor) affirms that the manuscript is an honest, accurate and transparent
account of the study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as planned (and, if
relevant, registered) have been explained.

Funding This study did not receive specific funding, but G-JG is supported by a
VENI and VIDI grant from the Netherlands Organisation for Health Research and
Development (ZonMw numbers 016.166.030 and 016.196.304).

Disclaimer This funder had no role in considering the study design or in the
collection, analysis, interpretation of data, writing of the report, or decision to
submit the article for publication.

Competing interests All authors have completed the ICMJE uniform disclosure
form at www.icmje.org/disclosure-of-interest/. FR, MH and G-JG report unrestricted
institutional grants for performing research in the field of atrial fibrillation from
Boehringer-Ingelheim, Bayer Healthcare, BMS Pfizer and Daiichi Sankyo. CBG
reports personal fees from Bayer Healthcare and Boston Scientific; grants and
personal fees from Boehringer-Ingelheim, BMS Pfizer and Janssen; and grants
from Daiichi-Sankyo during the conduct of the study; personal fees from AbbVie,
Espero, Medscape, Medtronic, Merck, the National Institutes of Health, Novo
Nordisk, Roche, Rho Pharmaceuticals, CeleCor, Correvio, Philips, Abiomed and
Anthos Therapeutics; grants from Akros, AstraZeneca, the US Food and Drug
Administration, Glaxo Smith Kline, Medtronic Foundation and Apple; and grants and
personal fees from Novartis and The Medicines Company outside the submitted
work. SvD reports an unrestricted research grant from Stoffels Hornstra. All other
authors (LJ, RvM, CJvdD and AWH) declare: no support from any organisation

for the submitted work; no financial relationships with any organisations that
might have an interest in the submitted work in the previous 3 years; no other
relationships or activities that could appear tohave influenced the submitted work.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. All data
relevant to the study are included in the article or uploaded as online supplemental
information. The statistical code and full dataset are available from the
corresponding author at S.vanDoorn@umcutrecht.nl.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Linda P T Joosten http://orcid.org/0000-0002-0926-9749

REFERENCES

1 Ogilvie IM, Newton N, Welner SA, et al. Underuse of oral
anticoagulants in atrial fibrillation: a systematic review. Am J Med
2010;123:638-45.

2 Kakkar AK, Mueller |, Bassand J-P, et al. Risk profiles and
Antithrombotic treatment of patients newly diagnosed with atrial
fibrillation at risk of stroke: Perspectives from the International,
observational, prospective GARFIELD Registry. Plos one
2013;8:e63479.

3 Camm AJ, Pinto FJ, Hankey GJ, et al. Non-Vitamin K antagonist
oral anticoagulants and atrial fibrillation guidelines in practice:
barriers to and strategies for optimal implementation. Europace
2015;17:1007-17.

4 Sterne JA, Bodalia PN, Bryden PA, et al. Oral anticoagulants for
primary prevention, treatment and secondary prevention of venous
thromboembolic disease, and for prevention of stroke in atrial
fibrillation: systematic review, network meta-analysis and cost-
effectiveness analysis. Health Technol Assess 2017;21:1-386.

5 Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus
warfarin in patients with atrial fibrillation. N Eng J MED
2009;361:1139-51.

6 Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in
Nonvalvular atrial fibrillation. N Eng J MED 2011;365:883-91.

7 Granger CB, Alexander JH, McMurray JJV, et al. Apixaban
versus warfarin in patients with atrial fibrillation. N Eng J MED
2011;365:981-92.

8 Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin
in patients with atrial fibrillation. N Eng J MED 2013;369:2093-104.

9 Steinberg BA, Washam JB. Appropriate dosing of nonvitamin
K antagonist oral anticoagulants for stroke prevention in atrial
fibrillation. Trends Cardiovasc Med 2017;27:567-72.

10 Pokorney SD, Peterson ED, Piccini JP. When less is not more. J Am
Coll Cardiol 2017;69:2791-3.

11 van Vugt SPG, Brouwer MA, Verheugt FWA. Off-Label use of
non-vitamin K antagonist oral anticoagulants. J Am Coll Cardiol
2017;69:2577-8.

12 Weitz JI, Eikelboom JW. Appropriate apixaban dosing: prescribers
take note. JAMA Cardiol 2016;1:635-6.

13 Shen N-N, Zhang C, Hang Y, et al. Real-World prevalence of
direct oral anticoagulant off-label doses in atrial fibrillation: an
epidemiological meta-analysis. Front Pharmacol 2021;12:581293.

14 Santos J, Anténio N, Rocha M, et al. Impact of direct oral
anticoagulant off-label doses on clinical outcomes of atrial fibrillation
patients: a systematic review. Br J Clin Pharmacol 2020;86:533-47.

15 Beasley BN, Unger EF, Temple R. Anticoagulant options -- why the
FDA Approved a higher but not a lower dose of dabigatran. N Engl J
Med 2011;364:1788-90.

16 Sang C, Chen J, Sun J, et al. Off-Label underdosing of four
individual NOACs in patients with nonvalvular atrial fibrillation: a
systematic review and meta-analysis of observational studies. Eur J
Clin Invest 2022;52:¢13819.

17 Kong X, Zhu Y, Pu L, et al. Efficacy and safety of non-recommended
dose of new oral anticoagulants in patients with atrial fibrillation:

a systematic review and meta-analysis. Front Cardiovasc Med
2021;8:774109.

18 Caso V, de Groot JR, Sanmartin Fernandez M, et al. Outcomes
and drivers of inappropriate dosing of non-vitamin K antagonist
oral anticoagulants (Noacs) in patients with atrial fibrillation: A
systematic review and meta-analysis. Heart (British cardiac society)
2023;109:178-85.

19 Boehringer Ingelheim Pharma GmbH & Co KG. Summary of product
characteristics of Dabigatran [Internet]. 2021. Available: https://www.
ema.europa.eu/en/documents/product-information/pradaxa-epar-
product-information_en.pdf

20 Bayer Pharma AG and Bayer HealthCare Manufacturing S.r.l.
Summary of product characteristics of Rivaroxaban [Internet]. 2021.
Available: https://www.ema.europa.eu/en/documents/product-
information/xarelto-epar-product-information_en.pdf

21 Bristol-Myers Squibb S.r.Il. and Phizer Manufacturing Deutschland
GmbH. Summary of product characteristics of Apixaban [Internet].
2021. Available: https://www.ema.europa.eu/en/documents/product-
information/eliquis-epar-product-information_en.pdf

Joosten LPT, et al. Open Heart 2023;10:e002197. doi:10.1136/0penhrt-2022-002197

“ybuAdoa Aq parosroid 1sanb Aq 20z ‘9T |1Mdy uo ywoo fwgeayuadoy/:dny wol papeojumoq "€20Z Ae TT U0 26T200-220z-Myuado/ogTT 0T Se payslgnd 1sii :LesH uado


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0926-9749
http://dx.doi.org/10.1016/j.amjmed.2009.11.025
http://dx.doi.org/10.1371/journal.pone.0063479
http://dx.doi.org/10.1093/europace/euv068
http://dx.doi.org/10.3310/hta21090
http://dx.doi.org/10.1056/NEJMoa0905561
http://dx.doi.org/10.1056/NEJMoa1009638
http://dx.doi.org/10.1056/NEJMoa1107039
http://dx.doi.org/10.1056/NEJMoa1310907
http://dx.doi.org/10.1016/j.tcm.2017.06.012
http://dx.doi.org/10.1016/j.jacc.2017.04.045
http://dx.doi.org/10.1016/j.jacc.2017.04.045
http://dx.doi.org/10.1016/j.jacc.2017.01.073
http://dx.doi.org/10.1001/jamacardio.2016.1841
http://dx.doi.org/10.3389/fphar.2021.581293
http://dx.doi.org/10.1111/bcp.14127
http://dx.doi.org/10.1056/NEJMp1103050
http://dx.doi.org/10.1056/NEJMp1103050
http://dx.doi.org/10.1111/eci.13819
http://dx.doi.org/10.1111/eci.13819
http://dx.doi.org/10.3389/fcvm.2021.774109
http://dx.doi.org/10.1136/heartjnl-2022-321114
https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
http://openheart.bmj.com/

Open Heart

22

23

24

25

26

Daiichi Sankyo Europa GmbH. Summary of product characteristics
of Edoxaban [Internet]. 2021. Available: https://www.ema.europa.
eu/en/documents/product-information/lixiana-epar-product-
information_en.pdf

Food and Drugs Adm. Highlights of Prescribing information of
Dabigatran [Internet]. 2020. Available: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2020/022512s039Ibl.pdf

Food and Drugs Adm. Highlights of Prescribing information of
Rivaroxaban [Internet]. 2021. Available: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2021/022406s036,202439s0361bl.pdf
Food and Drugs Adm. Highlights of Prescribing information of
Apixaban [Internet]. 2021. Available: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2021/202155s032Ibl.pdf

Food and Drugs Adm. Highlights of Prescribing information of
Edoxaban [Internet]. 2020. Available: https://www.accessdata.fda.

38

39

40

atrial fibrillation in real-world Japanese clinical settings. J Thromb
Thrombolysis 2019;48:653-60.

Inoue H, Uchiyama S, Atarashi H, et al. Effectiveness and safety

of long-term dabigatran among patients with non-valvular atrial
fibrillation in clinical practice: J-dabigatran surveillance. J Cardiol
2019;73:507-14.

Inoue H, Umeyama M, Yamada T, et al. Safety and effectiveness of
reduced-dose apixaban in Japanese patients with nonvalvular atrial
fibrillation in clinical practice: a sub-analysis of the standard study. J
Cardiol 2020;75:208-15.

Kobayashi T, Sotomi Y, Hirata A, et al. Impact of direct oral
anticoagulant off-label reduced dose in combination with antiplatelet
agents on clinical outcome: Propensity score-matching analysis from
the DIRECT real-world non-valvular atrial fibrillation Registry. Circ
Rep 2020;2:289-96.

gov/drugsatfda_docs/label/2020/206316s016lbl.pdf 41 Lee KH, Park HW, Lee N, et al. Optimal dose of dabigatran for the

27 Tn%ncks G, Potgara T, Dagres N,fet "?/-I i(kj)z(l)l ESC gu'dT“”eZ for prevention of thromboembolism with minimal bleeding risk in Korean
t ?I gagntc_)ss aqh {Eanéigement% atrial tl' n fatlog g've'?r?e n patients with atrial fibrillation. Europace 2017;19(suppl_4):iv1-9.
coflaboration with the European Association tor L-ardio- fhoracic 42 Lee S-R, Choi E-K, Han K-D, et al. Optimal Rivaroxaban dose in

o8 ;‘:;%ZGVJ(ESSJQ'RE‘X;’{’?&” 2?2,“ ;gg;nlgsuzoo;;éﬁzﬁggg_;ythm Asian patients with atrial fibrillation and normal or mildly impaired

g ! ’ : | function. Stroke 2019;50:1140-8.
Association practical guide on the use of non-vitamin K antagonist 43 llzr;aS_Lg]Céﬁgi E-Ir<o Peark S-H, et al. Off-Label underdosed apixaban
gg&;lﬁggﬂo;g;_l:;gts in patients with atrial fibrillation. Europace use in Asian patients with non-valvular atrial fibrillation. Eur Heart J

29 Wells’ G, Shea B, O’Connell D, et al. The newcastle-ottawa scale a4 ,\Cﬂirrcggvilscoiﬁ?;ﬁzcgt’;i;iei;g:Iy ggif-CIinical outcomes of off-
g\rJSIS)s;c;r ggsgssmg the quality of nonrandomized studies in meta- label dosing of direct oral anticoagulant therapy among Japanese

30 IntqutJ— Ioanr-1idis JPA, Borm GF. The hartung-knapp-sidik- patients with atrial fibrillation identified from the SAKURA AF registry.
jonkman method for random effects meta-analysis is straightforward Circ J 2019;83:727_?5' . .
and considerably outperforms the standard dersimonian-laird 45 Ohno J, Sotomi ¥, H|rat§ A et al. Dose of thect oral anticoagulants
method. BMC Med Res Methodol 2014:14:25 and adverse outcomes in Asia. Am J Cardiol 2021;139:50-6.

31 R. Core Team. R: a language and environment for statistical 46 Salameh M, Gronich N, Stein N, et al. Stroke and bleeding risks in

; i tor ; it ; : patients with atrial fibrillation treated with reduced apixaban dose: a
er;ﬂ;t/gg 1[Iéllt*erneﬂ. R Foundation for Statistical Computing Vienna real-life study. Clin Pharmacol Ther 2020;108:1265-73.

32 Viechtbauer W. n.d. Conducting meta-analyses in R with the metafor 47 Steinberg BA, Shrader P, Pieper K, et al. Frequency and outcomes
package. J Stat Soft;36. of reduced dose non-vitamin K antagonist anticoagulants:

33 Arbel R, Sergienko R, Hammerman A, et al. Effectiveness and results from orbit-af Il (the outcomes Registry for better
safety of off-label dose-reduced direct oral anticoagulants in atrial informed treatment of atrial fibrillation Il). J Am Heart Assoc
fibrillation. Am J Med 2019;132:847-55. 2018;7:¢007633. . .

34 Briasoulis A, Gao Y, Inampudi C, et al. Characteristics and outcomes 48 Tellor KB, Wang M, Green MS, et al. Evaluation of apixaban for the
in patients with atrial fibrillation receiving direct oral anticoagulants in treatment of nonvalvular atrial fibrillation with regard to dosing and
off-label doses. BMC Cardiovasc Disord 2020:20:42. safety in a community hospital. J Pharm Technol 2017;33:140-5.

35 Cho MS, Yun JE, Park JJ, et al. Pattern and impact of off-label 49 Yagi N, Suzuki S, Arita T, et al. Creatinine clearance and
underdosing of non-vitamin K antagonist oral anticoagulants in inappropriate dose of rivaroxaban in Japanese patients with non-
patients with atrial fibrillation who are indicated for standard dosing. valvular atrial fibrillation. Heart Vessels 2020;35:110-7.

Am J Cardiol 2020;125:1332-8. 50 Yao X, Shah ND, Sangaralingham LR, et al. Non-Vitamin K

36 de Groot JR, Weiss TW, Kelly P, et al. Edoxaban for stroke prevention antagonist oral ant?coagulant dosing ir_] patients with atrial fibrillation
in atrial fibrillation in routine clinical care: 1-year follow-up of the and renal dysfunction. J Am Coll Cardiol 2017;69:2779-90.
prospective observational ETNA-AF-europe study. Eur Heart J 51 Atarashi H, Uchiyama S, Inoue H, et al. Ischemic stroke,

Cardiovasc Pharmacother 2021;7:30-9. hemorrhage, and mortality in patients with non-valvular atrial

37 lkeda T, Ogawa S, Kitazono T, et al. Outcomes associated with fibrillation and renal dysfunction treated with rivaroxaban: sub-
under-dosing of rivaroxaban for management of non-valvular analysis of the expand study. Heart Vessels 2021;36:1410-20.

8 Joosten LPT, et al. Open Heart 2023;10:2002197. doi:10.1136/0penhrt-2022-002197

“ybuAdoa Aq parosroid 1sanb Aq 20z ‘9T |1Mdy uo ywoo fwgeayuadoy/:dny wol papeojumoq "€20Z Ae TT U0 26T200-220z-Myuado/ogTT 0T Se payslgnd 1sii :LesH uado


https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022512s039lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022512s039lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/022406s036,202439s036lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/022406s036,202439s036lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/202155s032lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/202155s032lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/206316s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/206316s016lbl.pdf
http://dx.doi.org/10.1093/eurheartj/ehaa945
http://dx.doi.org/10.1093/europace/euab065
http://dx.doi.org/10.1186/1471-2288-14-25
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.1016/j.amjmed.2019.01.025
http://dx.doi.org/10.1186/s12872-020-01340-4
http://dx.doi.org/10.1016/j.amjcard.2020.01.044
http://dx.doi.org/10.1093/ehjcvp/pvaa079
http://dx.doi.org/10.1093/ehjcvp/pvaa079
http://dx.doi.org/10.1007/s11239-019-01934-6
http://dx.doi.org/10.1007/s11239-019-01934-6
http://dx.doi.org/10.1016/j.jjcc.2018.12.013
http://dx.doi.org/10.1016/j.jjcc.2019.07.007
http://dx.doi.org/10.1016/j.jjcc.2019.07.007
http://dx.doi.org/10.1253/circrep.CR-20-0026
http://dx.doi.org/10.1253/circrep.CR-20-0026
http://dx.doi.org/10.1093/europace/eux247
http://dx.doi.org/10.1161/STROKEAHA.118.024210
http://dx.doi.org/10.1093/ehjcvp/pvab004
http://dx.doi.org/10.1093/ehjcvp/pvab004
http://dx.doi.org/10.1253/circj.CJ-18-0991
http://dx.doi.org/10.1016/j.amjcard.2020.09.053
http://dx.doi.org/10.1002/cpt.1952
http://dx.doi.org/10.1161/JAHA.117.007633
http://dx.doi.org/10.1177/8755122517706423
http://dx.doi.org/10.1007/s00380-019-01457-3
http://dx.doi.org/10.1016/j.jacc.2017.03.600
http://dx.doi.org/10.1007/s00380-021-01810-5
http://openheart.bmj.com/

	Clinical consequences of off-­label reduced dosing of non-­vitamin K antagonist oral anticoagulants in patients with atrial fibrillation: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Materials and methods
	Search strategy
	Definitions and study selection
	Critical appraisal and risk of bias assessment
	Data extraction
	Data analyses

	Results
	Systematic search
	Study and patient characteristics of all included studies
	Risk of bias assessment
	Meta-analysis of clinical outcomes associated with OLRD of NOACs

	Discussion
	The effect of OLRD of NOACs
	Comparison with existing literature
	Strengths and limitations
	Clinical implications and areas for future research

	References


