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In the last decade, non-vitamin K antagonist oral anticoagulants (NOACs), a new generation of OACs, were introduced to 
prevent thromboembolism in patients with atrial fibrillation. Although vitamin K-dependent anticoagulants have long been 
used as OACs, their inherent disadvantage of considerable bleeding complications has limited their use. NOACs demonstrate 
similar or superior clinical outcomes to those of warfarin. Although strict dose reduction criteria are recommended for NO-
ACs, low-dose NOACs are frequently utilized, especially in Asian patients. Low-dose NOACs have shown clinical outcomes 
similar to those of warfarin in randomized controlled trials (RCTs) and real-world studies. However, off-label low-dose NOACs 
have shown inconsistent results compared with standard-dose NOACs and warfarin. Therefore, strict dose reduction criteria 
for NOACs should be followed until RCTs confirm the issues associated with NOAC underdosing.
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INTRODUCTION

Oral anticoagulants (OACs) are essential for patients with 
atrial fibrillation (AF) to prevent thromboembolism (TE), a 
catastrophic complication of AF. OACs prevent thrombus 
formation, which is associated with embolic risk and can re-
sult in complications including stroke. Before 2010, vitamin 
K-dependent anticoagulants (e.g., warfarin and vitamin K 
antagonists [VKAs]) were the only type of OAC. VKAs have 
the advantages of good availability and cost-effectiveness. 
However, the high risk of bleeding complications limits their 
use. Dose titration is essential to maintain optimal serum 
concentrations via blood sampling and thus decrease the 
risk of TE and bleeding complications [1-6]. Notably, the 
serum concentrations of VKAs are readily affected by food 
ingestion and other medications.

In the late 2000s, a new generation of OACs was intro-
duced to overcome these disadvantages of VKAs: non-vi-
tamin K antagonist oral anticoagulants (NOACs). Currently 
available NOACs include direct thrombin inhibitors (e.g., 
dabigatran) and factor Xa inhibitors (e.g., rivaroxaban, apix-

aban, and edoxaban). NOACs have several advantages, in-
cluding no need for dose titration or caution when taken 
with food or certain herbal medications, and they have sim-
ilar or even better efficacy and safety compared with tradi-
tional VKAs [4,7-9].

The optimal dosages of NOACs were determined by 
large-scale, worldwide prospective randomized controlled 
trials (RCTs) [10-13]. Most guidelines suggest similar dosing 
criteria across different ethnic groups [2-4,14]. Asians are 
more vulnerable to bleeding complications associated with 
OACs, partly because of their smaller body surface area and 
weight [15-18]. Therefore, low-dose NOACs are frequently 
used in Asian patients.

Evidence regarding the efficacy and safety of off-label 
low-dose NOACs is lacking. Nonetheless, some real-world 
data suggest that low-dose NOACs might be suitable in 
Asian populations. In this review, we identify how the stan-
dard doses of NOACs were determined and discuss whether 
low-dose NOACs have efficacy and safety comparable to 
that of standard doses.
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NOACs IN RCTs

Dabigatran was compared with warfarin in the Randomized 
Evaluation of Long-Term Anticoagulation Therapy (RE-LY) 
trial, which had a non-inferiority design [10]. Rivaroxaban 
was compared with warfarin in the Rivaroxaban Once-Daily, 
Oral, Direct Factor Xa Inhibition Compared with Vitamin K 
Antagonism for Prevention of Stroke and Embolism Trial in 
Atrial Fibrillation (ROCKET-AF), which also had a non-inferi-
ority design and had a primary endpoint of stroke or system-
ic embolism [11]. Apixaban was compared with warfarin in 
the Apixaban for Reduction in Stroke and Other Thrombo-
embolic Events in Atrial Fibrillation (ARISTOTLE) trial, which 
had a non-inferiority design and key secondary objectives 
of establishing superiority with respect to both the primary 
outcome and the rates of major bleeding and death from 
any cause [12]. Edoxaban was compared with warfarin in 
the Effective Anticoagulation with Factor Xa Next Genera-
tion in Atrial Fibrillation–Thrombolysis in Myocardial Infarc-
tion 48 (ENGAGE AF-TIMI 48) trial, which had a non-inferi-
ority design [13]. The NOACs in these trials had predefined 
dose reduction criteria (Table 1).

In the RE-LY trial, 150 mg dabigatran twice daily signifi-
cantly reduced the risk of stroke and systemic embolism by 
34% compared with warfarin, with a similar rate of major 
bleeding. In addition, 110 mg dabigatran was associated 
with a similar risk of stroke and systemic embolism and a 
lower risk of major bleeding compared with warfarin. Both 
doses were associated with a lower risk of hemorrhagic 

stroke and intracranial hemorrhage. Finally, 150 mg dab-
igatran had a lower risk of the composite clinical outcome 
of stroke, systemic embolism, pulmonary embolism, myo-
cardial infarction, death, and major bleeding. However, a 
dose of 110 mg had a similar risk of this composite outcome 
compared with warfarin (Table 2).

In ROCKET-AF, rivaroxaban was associated with a similar 
risk of stroke or systemic embolism, and no difference in 
the risk of major bleeding, compared with warfarin. None-
theless, rivaroxaban significantly reduced the risk of hem-
orrhagic stroke and intracranial hemorrhage. Rivaroxaban 
was associated with a lower risk of the composite clinical 
outcome of stroke, non-central nervous system embolism, 
vascular death, and myocardial infarction (Table 2).

In the ARISTOTLE trial, 5 or 2.5 mg apixaban twice daily 
significantly reduced the risk of stroke and systemic embo-
lism, as well as major bleeding and death from any cause, 
compared with warfarin. Although the rates of hemorrhagic 
stroke and intracranial hemorrhage were lower with apix-
aban, the rate of ischemic stroke was similar to that of war-
farin. Both doses were associated with a lower risk of the 
composite clinical outcome of stroke, systemic embolism, 
myocardial infarction, and death from any cause (Table 2).

In the ENGAGE AF-TIMI 48 trial, 60 mg edoxaban was not 
inferior to warfarin for the prevention of stroke or systemic 
embolism and was associated with significantly lower rates 
of major bleeding and death from cardiovascular causes. A 
dose of 30 mg edoxaban showed similar results. Both dos-
es of edoxaban were associated with a lower risk of poor 
clinical outcomes. The rate of ischemic stroke was similar 
with 60 mg edoxaban, whereas 30 mg edoxaban signifi-
cantly increased the risk of ischemic stroke. Therefore, only 
60 mg edoxaban has been approved for stroke prevention 
in patients with AF (Table 2).

In a pooled analysis of 42,411 patients treated with NO-
ACs and 29,272 patients treated with warfarin, NOACs 
significantly reduced the risk of stroke/systemic embolism, 
hemorrhagic stroke, intracranial hemorrhage, and death 
from any cause [7]. Although NOACs did not show supe-
riority in terms of reducing the risk of stroke and systemic 
embolism events, they significantly reduced the risk of major 
bleeding compared with warfarin in a subpopulation of pa-
tients whose drug concentration was within the therapeutic 
range < 66% of the time (Table 3).

Table 1. Dose reduction criteria for NOACs

Rivaroxaban

Creatinine clearance 30–49 mL/min

Apixaban

More than 2 of the following:

1) Age ≥ 80 years

2) Body weight ≤ 60 kg

3) Serum creatinine ≥ 1.5 mg/dL

Edoxaban

Any of the following:

1) Creatinine clearance 30–50 mL/min

2) Body weight ≤ 60 kg

3) Concomitant use of verapamil or quinidine (P-glycoprotein 
inhibitors)

NOAC, non-vitamin K antagonist oral anticoagulant.

www.kjim.org
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DEFINITION OF LOW-/REDUCED-DOSE  
NOACs

NOAC dosing is classified as either appropriate or inappro-
priate. Appropriate dosing indicates that NOACs are being 
prescribed according to dose reduction criteria (Table 1); this 
is defined as on-label dosing. A reduced dose is a low dose 
of NOACs in accordance with the dose reduction criteria. 
Inappropriate dosing indicates that NOACs are not being 
prescribed according to the dose reduction criteria; this is 
defined as off-label dosing. Inappropriate dosing can be 
divided into underdosing and overdosing. Underdosing is 
defined as the administration of a low dose of NOACs de-
spite the recommendation for a standard dose. Overdosing 
is defined as the administration of a standard dose of NO-
ACs despite the recommendation for a low dose. Low-dose 
NOAC therapy indicates the use of a low dose of NOACs 
irrespective of whether the dosing is on-label or off-label.

ON-LABEL LOW-DOSE (REDUCED-DOSE) 
NOAC THERAPY IN RCTs

The efficacy and safety of on-label low- or reduced-dose 
NOAC therapy were reviewed in a meta-analysis of four 
RCTs [7]. Low-dose therapy showed similar risk reduction 
of stroke/systemic embolism and more favorable risk reduc-
tion of major bleeding. Another meta-analysis of three RCTs 
(ROCKET-AF, ARISTOTLE, and ENGAGE AF-TIMI 48) com-
pared full and reduced doses, as specified in previous im-
portant trials [19]. The annual rates of stroke/systemic embo-

lism and major bleeding in patients receiving reduced-dose 
therapy (2.70% and 4.35%, respectively) were higher than 
those in patients receiving full-dose therapy (1.60% and 
2.87%, respectively). Nonetheless, reduced-dose NOAC 
therapy and warfarin showed clinical outcomes similar to 
those of full-dose NOAC therapy and warfarin (Table 3).

COMPARISON BETWEEN ASIAN AND  
NON-ASIAN PATIENTS IN RCTs

In a RE-LY trial subgroup analysis, hemorrhagic stroke in 
patients treated with warfarin occurred more often among 
Asian than non-Asian patients [20]. In ROCKET-AF, both 
stroke/systemic embolism and major bleeding or non-major 
clinically relevant bleeding were significantly more common 
in East Asian than non-East Asian patients, irrespective of 
rivaroxaban or warfarin treatment [21]. High adverse event 
rates in Asian patients treated with OACs might affect the 
efficacy and safety of NOACs compared with warfarin [22]. 
Explanations for these ethnic differences can be obtained 
from RCT subgroup analyses comparing Asians and non-
Asians.

The RE-LY trial involved 2,782 (15%) Asian patients and 
15,331 (85%) non-Asian patients. Dabigatran at 150 mg 
significantly reduced the risk of stroke/systemic embolism 
compared with warfarin in both Asians and non-Asians [20]. 
There was no significant treatment-by-region interaction 
(Table 4). Dabigatran at 150 mg also significantly reduced 
the risk of major bleeding in Asians, but not in non-Asians 
(Table 5). Dabigatran at 110 mg showed similar results in 

Table 3. Comparison of clinical outcomes among any-/full-dose NOACs, reduced-dose NOACs, and warfarin in RCTs

Clinical outcome
Any dose 
NOACs [7]

Reduced dose 
NOACs [7]

Full dose 
NOACs [19]

Reduced dose 
NOACs [19]

Interaction 
p valuea) [19]

Stroke/systemic embolism 0.81 (0.73–0.91) 1.03 (0.84–1.27) 0.86 (0.77–0.96) 0.84 (0.69–1.03) 0.89

Ischemic stroke 0.92 (0.83–1.02) 1.28 (1.02–1.60) 0.92 (0.80–1.07) 0.95 (0.72–1.26) 0.84

Hemorrhagic stroke 0.49 (0.38–0.64) 0.33 (0.23–0.46) 0.54 (0.42–0.70) 0.55 (0.34–0.89) 0.92

Major bleeding 0.86 (0.73–1.00) 0.65 (0.43–1.00) 0.87 (0.70–1.08) 0.70 (0.50–0.97) 0.26

Intracranial hemorrhage 0.48 (0.39–0.59) 0.31 (0.24–0.41) 0.53 (0.40–0.69) 0.58 (0.34–0.98) 0.78

Gastrointestinal bleeding 1.25 (1.01–1.55) 0.89 (0.57–1.37) 1.42 (1.19–1.70) 1.24 (0.78–1.98) 0.60

All cause death 0.90 (0.85–0.95) 0.89 (0.83–0.96) 0.88 (0.81–0.97) 0.89 (0.75–1.06) 0.93

Values are presented as relative risk (95% confidence interval).
NOAC, non-vitamin K antagonist oral anticoagulant; RCT, randomized controlled trial.
a)Interaction p value between full dose NOACs relative to warfarin and reduced dose NOACs relative to warfarin.
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terms of the prevention of stroke/systemic embolism com-
pared with warfarin in both Asians and non-Asians. There 
was no significant treatment-by-region interaction. Further-
more, 110 mg dabigatran significantly reduced the risk of 
major bleeding compared with warfarin in both Asians and 
non-Asians. There was no significant treatment-by-region 
interaction (Table 5).

In ROCKET-AF, 932 (6.5%) East Asian patients were com-
pared with 13,222 non-East Asian patients [21]. In terms 
of prevention of stroke/systemic embolism, rivaroxaban was 
superior to warfarin in both East Asian and non-East Asian 
patients (Table 4). Superiority of rivaroxaban over warfarin 
in terms of risk of major bleeding and non-major clinical-
ly relevant bleeding was also seen in both East Asians and 
non-East Asians (Table 5).

In the ARISTOTLE trial, 1,993 (11.1%) East Asian patients 
were compared with 16,028 non-East Asian patients [23]. 
Apixaban resulted in a consistent reduction in stroke/sys-
temic embolism in both East Asians and non-East Asians 
(Table 4). Apixaban also significantly reduced the risk of 
major bleeding compared with warfarin in both Asians and 
non-Asians (Table 5).

In the ENGAGE AF-TIMI 48 trial, 1,943 (9.2%) East Asian 
patients were compared with 19,162 non-East Asian pa-
tients [24]. In terms of prevention of stroke/systemic em-
bolism, 60 mg edoxaban was superior to warfarin in both 

East Asians and non-East Asians (Table 4). Edoxaban at 60 
mg significantly reduced the risk of major bleeding in both 
East Asians and non-East Asians. There was no significant 
treatment-by-region interaction (Table 5). In terms of pre-
vention of stroke/systemic embolism, 30 mg edoxaban was 
also superior to warfarin in both East Asians and non-East 
Asians (Table 4). Finally, 30 mg edoxaban significantly re-
duced the risk of major bleeding in both East Asians and 
non-East Asians. There was no significant treatment-by-re-
gion interaction (Table 5).

REAL-WORLD EVIDENCE OF LOW-DOSE 
NOACs

Low-dose NOACs, as well as dabigatran, which is not de-
fined as a low-dose NOAC, are used more frequently in re-
al-world practice than in RCTs. [25-28].

Rivaroxaban
In ROCKET-AF, 20.7% of the enrolled patients received low-
dose rivaroxaban [11,29]. According to a Korean database, 
low-dose rivaroxaban was prescribed in 51.5–59.7% of all 
patients treated with rivaroxaban [30,31], whereas it was 
prescribed in 17.3–21.7% of patients in the United States 
[29,32].

Table 6. Comparison of clinical outcomes between low-dose NOACs and warfarin according to real-world evidence

Variable Stroke/systemic embolism Major bleeding All-cause death

Rivaroxaban

KNHIS [30] 0.72 (0.62–0.82) 0.99 (0.85–1.15) 0.74 (0.65–0.83)

Jeong et al. [31] 0.95 (0.45–1.97) 0.47 (0.22–1.01) 0.56 (0.26–1.21)

Apixaban in KNHIS [30]

All-population 0.76 (0.68–0.89) 0.70 (0.58–0.85) 0.78 (0.69–0.89)

< 75-yr without chronic kidney disease 0.99 (0.76–1.28) 0.72 (0.51–1.02) 0.85 (0.62–1.16)

Dabigatran

KNHIS [30] 0.80 (0.70–0.93) 0.85 (0.71–1.00) 0.75 (0.66–0.85)

Lee et al. [35] 0.46 (0.19–1.12) 0.19 (0.07–0.55) 0.46 (0.19–1.10)

TNHIRD [36] 0.62a) (0.52–0.75) 0.61 (0.47–0.78) 0.46 (0.38–0.84)

Edoxaban

KNHIS [37] 0.73a) (0.48–1.08) 0.69 (0.43–1.06) 0.76 (0.58–1.00)

Values are presented as hazard ratio (95% confidence interval).
CI, confidence interval; HR, hazard ratio; KNHIS, Korean National Health Insurance Service; NOAC, non-vitamin K antagonist oral 
anticoagulant; TNHIRD, Taiwan National Health Insurance Research Database.
a)Hazard ratio for ischemic stroke.
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According to the Korean National Health Insurance Ser-
vice database, low-dose rivaroxaban was associated with 
a lower risk of ischemic stroke/systemic embolism and all-
cause death, without a benefit for major bleeding [30]. In a 
retrospective Korean study, low-dose rivaroxaban was asso-
ciated with a risk of TE and major bleeding comparable with 
that for warfarin (Table 6) [31]. In a retrospective Taiwanese 
study, 384 patients treated according to the ROCKET-AF 
dosing criteria (20 vs. 15 mg) were compared with 1,936 
patients treated according to the J-ROCKET-AF dosing crite-
ria (15 vs. 10 mg) [33]. Compared with warfarin-treated pa-
tients, patients following the ROCKET-AF or J-ROCKET-AF 
dosing criteria had a significantly lower risk of major bleed-
ing and a comparable risk of TE. Among patients without 
chronic kidney disease, the risks of TE and major bleeding 
were not different between the two dosing groups. Among 
patients with chronic kidney disease, however, the ROCK-
ET-AF dosing group had a higher risk of major bleeding and 
a comparable risk of TE compared with the J-ROCKET-AF 
dosing group.

Apixaban
In the ARISTOLE trial, 4.6% of the enrolled patients received 
low-dose apixaban [12,25,29,34]. According to the Korean 
National Health Insurance Service database, 7,839 (62.7%) 
of 12,502 patients treated with apixaban took low-dose 
apixaban [30]. According to the IMS LifeLink dataset from 
the United States, 20.8% of patients treated with apixaban 
took low-dose apixaban [29].

The Korean National Health Insurance Service database 
showed that compared with warfarin, low-dose apixaban 
was associated with a lower risk of ischemic stroke or sys-
temic embolism, all-cause death, and major bleeding [30]. 
However, in patients aged < 75 years without chronic kid-
ney disease, low-dose apixaban lost its ability to prevent 
ischemic stroke/systemic embolism and all-cause death  
(Table 6).

Dabigatran
According to the Korean National Health Insurance Service 
database, 9,458 (75.1%) of 12,593 patients treated with 
dabigatran took low-dose dabigatran (110 mg) twice a day 
[30]. Compared with warfarin, low-dose dabigatran was 
associated with a lower risk of ischemic stroke/systemic 
embolism, all-cause death, and major bleeding. In a Korean 
retrospective study, 550 (65%) of 844 patients treated with 

dabigatran took low-dose dabigatran [35]. Compared with 
warfarin, low-dose dabigatran was associated with a low-
er risk of major bleeding and a comparable risk of TE. Ac-
cording to the Taiwan National Health Insurance Research 
Database, 8,772 (88%) of 9,940 patients treated with 
dabigatran took low-dose dabigatran [36]. Compared with 
warfarin, low-dose dabigatran was associated with a lower 
risk of ischemic stroke, all-cause death, and major bleeding 
(Table 6).

Edoxaban
In the ENGAGE AF-TMI 48 trial, 25.4% of the high-dose 
(60-mg) edoxaban group received low-dose (reduced-dose) 
edoxaban [13]. The Korean National Health Insurance Ser-
vice database showed that 2,371 (58.4%) of 4,061 patients 
treated with edoxaban took low-dose edoxaban (30 mg) 
[37]. Compared with warfarin, low-dose edoxaban had a 
comparable risk of ischemic stroke and major bleeding, with 
a significantly lower risk of all-cause death (Table 6).

REAL-WORLD EVIDENCE OF UNDERDOSING

No RCT to date has compared NOACs with warfarin in 
terms of underdosing or overdosing. Therefore, evidence of 
the clinical outcomes of underdosing and overdosing must 
be obtained from real-world retrospective or prospective 
registry studies. Underdosing is more common than over-
dosing in real-world studies. The prevalence of underdosing 
in real-world studies ranges from 8% to 52% [38]. Under-
dosing of NOACs more commonly occurs in studies of Asian 
patients (20–50%) than in studies of non-Asian patients 
(8–20%). This high rate of NOAC underdosing in Asian 
patients reflects concern regarding bleeding complications. 
Comparisons between underdosing of NOACs and either 
standard-dose NOACs or warfarin have produced inconsis-
tent results, as described below.

Underdosing of NOACs resulted in superior or 
similar outcomes
Lee et al. [35] compared 294 patients treated with on-label 
dabigatran to 183 patients treated with underdosed dabig-
atran. There were no differences in terms of the prevention 
of stroke/TE or major bleeding between the two groups. 
Cho et al. [39] compared 8,549 patients treated with under-
dosed rivaroxaban or apixaban versus 4,536 patients treat-
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ed with warfarin. Rivaroxaban underdosing was associated 
with a lower risk of thromboembolic events and all-cause 
death and a similar risk of major bleeding. Apixaban under-
dosing was not associated with any differences in the risk of 
thromboembolic events, all-cause death, or major bleeding. 
Lee et al. [40] compared 5,777 patients treated with under-
dosed rivaroxaban to 5,777 patients treated with warfarin. 
Rivaroxaban underdosing was associated with a lower risk 
of ischemic stroke, hospitalization for major bleeding, and 
all-cause death. However, rivaroxaban underdosing was not 
associated with any differences in the prevention of ischemic 
stroke, major bleeding, or all-cause death compared with 
on-label rivaroxaban. In the Japan SAKURA AF Registry, 369 

(22.2%) patients underdosed with NOACs were compared 
with 746 (45.0%) patients treated with standard-dose NO-
ACs [41]. NOAC underdosing was associated with a lower 
risk of major bleeding and similar risks of stroke/systemic 
embolism and all-cause death. Briasoulis et al. [42] analyzed 
a retrospective cohort using Medicare data. They iden-
tified 8,035 and 19,712 patients who initiated treatment 
with dabigatran and rivaroxaban, respectively. Overall, 
1,401 (17.4%) and 7,820 (39.7%) patients who received 
dabigatran and rivaroxaban, respectively, met the criteria 
for low-dose therapy. Of these patients, 959 (68.5%) and 
3,904 (49.9%) received standard-dose therapy. By contrast, 
1,013 (15.3%) and 2,551 (21.5%) patients who were eligi-

Table 7. Comparison of clinical outcomes among off-label low-dose NOACs, standard-dose NOACs, and warfarin according 

to real-world evidence

Variable
Stroke/systemic 

embolism
Major bleeding All-cause death CV hospitalization

Similar clinical outcomes

Overall NOACs

SAKURA AF registry [41] 1.16a) (0.39–1.89) 0.47a) (0.19–1.07) 1.78a) (0.81–3.92)

Rivaroxaban

KNHIS [39] 0.53b) (0.41–0.69) 1.10b) (0.82–1.46) 0.57b) (0.41–0.82)

KNHIS [40] 0.86a,c) (0.66–1.13) 0.86a) (0.66–1.11) 0.84a) (0.69–1.03)

US administrative database [43] 0.71a) (0.45–2.09) 1.09a) (0.63–1.87)

US Medicare data [42] 1.13a,c) (0.83–1.56) 1.20a) (0.93–1.53)

Apixaban

KNHIS [39] 0.90b) (0.70–1.16) 0.84b) (0.61–1.17) 0.94b) (0.71–1.24)

Dabigatran

Lee et al. [35] 1.03a) (0.30–3.56) 0.36a) (0.04–3.49) 1.33a) (0.05–5.47)

US administrative database [43] 0.92a) (0.30–2.87) 0.91a) (0.45–1.85)

US Medicare data [42] 0.74a,c) (0.53–1.04) 1.01a) (0.74–1.37)

Inferior clinical outcomes

Overall NOACs

Lee et al. [44] 2.51b) (1.28–4.93) 0.73b) (0.31–1.71)

ORBIT-AF II [46] 1.17a) (0.61–2.26) 0.80a) (0.52–1.23) 1.25a) (0.89–1.76) 1.26a) (1.07–1.50)

Clalit Healthcare Service [47] 1.02a) (0.71–1.46) 1.53a) (1.14–2.34) 1.72a) (1.45–2.03)

Apixaban

US administrative database [43] 4.87a) (1.30–18.26) 1.29a) (0.48–3.42)

Values are presented as hazard ratio (95% confidence interval).
CV, cardiovascular; KNHIS, Korean National Health Insurance Service; NOAC, non-vitamin K-dependent antagonist oral anticoagu-
lant; ORBIT-AF II, Outcomes Registry for Better Informed Treatment of Atrial Fibrillation phase II.
a)Comparison between off-label reduced dose NOACs and standard dose NOACs.
b)Comparison between off-label reduced dose NOACs and warfarin.
c)Hazard ratio for ischemic stroke.
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ble for standard-dose dabigatran and rivaroxaban received 
low-dose therapy. After propensity score matching, NOAC 
underdosing was not associated with any differences in the 
risk of stroke or major, gastrointestinal, or intracranial bleed-
ing compared with standard-dose NOACs, including both 
dabigatran and rivaroxaban. Yao et al. [43] analyzed 14,865 
AF patients treated with apixaban, dabigatran, and rivarox-
aban using a large administrative database from the United 
States. Among the 13,392 patients without renal indica-
tions for dose reduction, 13.3% were underdosed. Patients 
underdosed with dabigatran and rivaroxaban showed no 
differences in stroke/systemic embolism or major bleeding 
compared with those treated with standard-dose NOACs. 
However, patients treated with underdosed apixaban had a 
significantly higher risk of stroke/systemic embolism, and a 
similar risk of major bleeding, compared with patients who 
received standard-dose NOACs (Table 7).

Underdosing of NOACs resulted in inferior 
outcomes
Lee et al. [44] retrospectively compared 3,733 patients treat-
ed with NOACs and 2,659 patients treated with warfarin. 
Off-label use of NOACs was applied in 27.0% of patients. 
Among them, 20.3% of patients treated with NOACs were 
underdosed. Compared with warfarin, NOAC underdos-
ing increased the risk of TE and had a similar risk of major 
bleeding. In a Korean retrospective study, both on-label and 
underdosed rivaroxaban were associated with a comparable 
risk of TE and a significant reduction in major bleeding com-
pared with warfarin. On-label use of rivaroxaban significant-
ly reduced the incidence of the composite clinical outcome 
of stroke, systemic embolism, major bleeding, and all-cause 
death. However, rivaroxaban underdosing attenuated this 
benefit [45]. In the ORBIT-AF II registry, 541 (9.4%) pa-
tients underdosed with NOACs were compared with 5,000 
(87.0%) patients treated with standard-dose NOACs [46]. 
NOAC underdosing significantly increased the rate of first 
cardiovascular hospitalization; however, it was not associat-
ed with any differences in the risk of first stroke, non-cen-
tral nervous system embolism, transient ischemic attack, 
first bleeding hospitalization, or all-cause death compared 
with standard doses of NOACs. Arbel et al. [47] compared 
3,285 (39%) patients treated with underdosed NOACs and 
5,140 (61%) patients treated with on-label NOACs using 
data from Clalit Health Services (Tel Aviv, Israel). Compared 
with standard-dose NOAC therapy, NOAC underdosing was 

associated with a significantly higher rate of bleeding and 
the composite clinical outcome of death, stroke, and myo-
cardial infarction, without a difference in the risk of stroke 
(Table 7).

DISCUSSION

NOACs account for most OACs used to prevent TE in pa-
tients with AF because of their benefits and convenience 
relative to warfarin. The latest guidelines also suggest pref-
erential use of NOACs over warfarin in patients with AF who 
have high thromboembolic risk [1-4].

The benefits of NOACs have been demonstrated in four 
RCTs [10-13]. For the prevention of stroke/systemic embo-
lism, 150 mg dabigatran twice a day and 5 mg apixaban 
twice a day were superior to warfarin. For the prevention of 
hemorrhagic stroke, all four NOACs evaluated were superi-
or to warfarin: 150 or 110 mg dabigatran twice a day, 20 or 
15 mg rivaroxaban once a day, 5 or 2.5 mg apixaban twice a 
day, and 60 or 30 mg edoxaban once a day. Moreover, 110 
mg dabigatran twice a day, apixaban, and edoxaban were 
associated with a significantly lower risk of major bleeding. 
Therefore, 150 mg dabigatran twice a day and 5 mg apix-
aban twice a day are recommended for patients with a high 
risk of stroke/systemic embolism, and 100 mg dabigatran, 
apixaban, and edoxaban are recommended for patients 
with a high risk of bleeding.

Asian patients are more prone to bleeding events with 
OACs than are non-Asian patients [15,16]. Because pooled 
analyses of NOACs in RCTs have demonstrated an improved 
safety profile, NOACs might be more beneficial in Asians 
than in non-Asians [7]. Benefits were revealed in subgroup 
analyses of Asian and non-Asian patients in several RCTs 
[20,21,23,24]. Although 150 mg dabigatran significantly 
reduced the risk of stroke/systemic embolism in both Asians 
and non-Asians, it reduced the risk of major bleeding only in 
Asians. Therefore, 150 mg dabigatran is preferable in Asian 
patients with high risks of both stroke/systemic embolism 
and major bleeding. At a dose of 110 mg, no differences 
in dabigatran, rivaroxaban, apixaban, and edoxaban were 
found between Asians and non-Asians in terms of the pre-
vention of stroke/systemic embolism and major bleeding. 
Therefore, although NOACs achieve better outcomes than 
warfarin in Asians, the efficacy and safety of NOACs are 
generally similar between Asians and non-Asians; the ex-
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ception is 150 mg dabigatran twice a day, which has a bet-
ter safety profile and similar efficacy between Asians and 
non-Asians.

Appropriate doses of NOACs have demonstrated similar 
or superior clinical outcomes compared with warfarin in 
both RCTs and real-world studies [4,10-13,35,39-43]. Fur-
thermore, low-dose on-label NOACs have shown clinical 
outcomes comparable to those of standard-dose NOACs in 
RCTs [7,19]. However, no prospective or randomized study 
has demonstrated better outcomes with low-dose off-label 
NOACs. Nonetheless, low-dose NOACs are frequently pre-
scribed in real-world clinical practice. Furthermore, the fre-
quency of prescription of low-dose NOACs is higher in Asian 
patients than in non-Asian patients.

Physicians might expect fewer bleeding complications 
with similar or fewer thromboembolic events when using un-
derdosed NOACs. This preference for underdosing reflects 
a concern regarding bleeding complications rather than 
thromboembolic events [48]. Some real-world studies have 
shown benefits of underdosing with NOACs with respect 
to bleeding complications compared with warfarin [40,41]. 
However, most of those studies did not demonstrate ben-
efits in terms of bleeding complications [35,39,42-44,46]. 
Additionally, most real-world studies of underdosed NO-
ACs have demonstrated a similar or reduced risk of stroke 
compared with standard-dose NOACs or warfarin [35,39-
43,46]. By contrast, Lee et al. [44] revealed an increased 
thromboembolic risk in association with underdosing of 
NOACs. With regard to the individual classes of NOACs, 
low doses of apixaban should be reconsidered. According 
to the Korean National Health Insurance Service database, 
low-dose apixaban lost its beneficial effects with respect to 
the prevention of ischemic stroke or systemic embolism and 
all-cause death compared with warfarin [30]. Furthermore, 
apixaban underdosing was associated with a 4.87-times 
higher risk of stroke/systemic embolism than standard dos-
ing in a US study based on an administrative database [43].

In summary, the efficacy and safety of low-dose NOACs 
administered as on-label therapy were comparable to those 
of standard-dose NOACs. However, NOAC underdosing did 
not demonstrate superiority to standard dosing in either 
RCTs or real-world studies. Therefore, there is no reason to 
underdose with NOACs, even in Asian patients or patients 
with a high risk of bleeding. Further RCTs comparing under-
dosing with NOACs and standard-dose NOACs or warfarin 
are warranted to more clearly demonstrate the issues asso-

ciated with NOAC underdosing.

CONCLUSION

Low-dose NOACs are frequently used in real-world clinical 
practice despite strict dose reduction criteria. The efficacy 
and safety of low-dose NOACs administered as on-label 
therapy based on RCTs and real-world evidence are con-
sistent with those of standard-dose NOACs and warfarin. 
However, NOAC underdosing has produced inconsistent re-
sults. Therefore, underdosed NOACs should not be recom-
mended even in patients with a high bleeding risk. NOAC 
dosing should follow strict dose reduction criteria until the 
results of RCTs comparing underdosing with NOACs and 
standard-dose NOACs or warfarin clearly demonstrate the 
issues associated with NOAC underdosing.
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