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BACKGROUND It is unclear whether the overall effectiveness and safety of direct oral anticoagulants (DOACs) are

consistent in patients with nonvalvular atrial fibrillation (AF) and extremely low body weight (<50 kg).

OBJECTIVES This study compared DOACs with warfarin in AF patients with low body weight.

METHODS Using data from the Korean National Health Insurance Service database from January 2014 to December

2016, AF patients with body weight #60 kg and who were treated with oral anticoagulants (n ¼ 14,013 taking DOACs

and n ¼ 7,576 taking warfarin) were included and examined for ischemic stroke, intracranial hemorrhage (ICH), gastro-

intestinal bleeding, major bleeding, all-cause death, and composite outcome. The propensity score weighting was used to

balance the 2 groups.

RESULTS Baseline characteristics were well balanced between the 2 groups (mean age 73 years, mean CHA2DS2-VASc

score 4, and 28% of patients weighed <50 kg). DOACs were associated with lower risks of ischemic stroke (hazard ratio

[HR]: 0.591; 95% confidence interval [CI]: 0.510 to 0.686) and major bleeding (HR: 0.705; 95%: CI 0.601 to 0.825),

which were caused by a reduction in ICH (HR: 0.554; 95% CI: 0.429 to 0.713) compared with warfarin. DOAC improved

the net clinical benefit compared with warfarin (HR for composite outcome: 0.660; 95% CI: 0.606 to 0.717), and this

was consistent in patients who weighed <50 kg (HR for composite outcome: 0.665; 95% CI: 0.581 to 0.762).

CONCLUSIONS In this real-world Asian AF population with low body weight, DOACs showed better effectiveness and

safety than warfarin. These results were consistent in patients with extremely low body weight. Regular dosages of

DOACs showed comparable results as reduced dosages of DOACs in both effectiveness and safety.

(J Am Coll Cardiol 2019;73:919–31) © 2019 by the American College of Cardiology Foundation.
O ral anticoagulation (OAC) therapy is the
most fundamental treatment for patients
with atrial fibrillation (AF) because it pre-

vents ischemic stroke and reduces mortality (1).
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With the aging population, the prevalence of AF has
been increasing (2,3). Patients with AF tend to be
older with more comorbidities; thus, almost 85% of
patients with AF are prescribed OACs (3,4). For
https://doi.org/10.1016/j.jacc.2018.11.051

un Hyang University Hospital Seoul, Seoul, Republic

tional University Hospital, Seoul, Republic of Korea;

ute of Science and Technology, Daejeon, Republic of

ersity of Korea, Seoul, Republic of Korea; eLiverpool

st & Heart Hospital, Liverpool, United Kingdom; and

. This study was supported by the Korean National

, Science, Technology (2014R1A1A2A16055218); the

lf-powered energy source and low-power wireless

Industry & Energy (MOTIE, Korea), and Soon Chun

Daiichi-Sankyo, BMS/Pfizer, and Biosense Webster.

ehringer Ingelheim, Novartis, Verseon, and Daiichi-

er Ingelheim, and Daiichi-Sankyo. All other authors

is paper to disclose.

ber 20, 2018, accepted November 26, 2018.

https://doi.org/10.1016/j.jacc.2018.11.051
http://JACC.org/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2018.11.051&domain=pdf


ABBR EV I A T I ON S

AND ACRONYMS

AF = atrial fibrillation

ASD = absolute standardized

difference

CI = confidence interval

Cmax = mean maximal plasma

concentration

CrCl = creatinine clearance

DOAC = direct oral

anticoagulant

GI = gastrointestinal

HR = hazard ratio

ICH = intracranial hemorrhage

IPW = inverse probability

weighting

NHIS = National Health

Insurance System

OAC = oral anticoagulant

PAD = peripheral artery

disease

PS = propensity score

TTR = time in the therapeutic

range
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decades, warfarin was the only available OAC
for these patients, but it was largely under-
used because of its narrow therapeutic range,
the need for frequent monitoring, and con-
cerns about bleeding complications (e.g.,
intracranial hemorrhage [ICH]) (5–7). Since
the introduction of direct oral anticoagulants
(DOACs), which are convenient, safe, and
effective alternatives to warfarin, OAC use
has become more widespread (3,4,8).
SEE PAGE 932
With increasing OAC use, the prevalence
of frailty in patients using OACs has also
increased in the aging population. Patients
with low body weight are more common
among Asians than among non-Asians (9).
The effects of DOACs are closely related to
plasma concentrations, which are affected by
body distribution volume; thus, extremely
low body weight may influence the efficacy
and safety of DOACs (10). Although DOACs
have shown better net clinical benefits than
warfarin, which are mainly due to a reduction
in ICH, being underweight has been associ-
ated with an increased risk of major bleeding in pa-
tients taking DOACs (11). It has not been established
whether DOACs have similar benefits in patients with
low body weight, especially in those with extremely
low body weight (<50 kg). In this nationwide cohort
study, we aimed to compare the effectiveness and
safety of DOACs with those of warfarin in patients
with nonvalvular AF and low body weight.

METHODS

In this retrospective cohort, all patient data were
acquired from the Korean National Health Insurance
Service (NHIS) (a registry of the entire approximately
50 million South Korean population) and the National
Health Insurance Corporation Health checkup data-
base. Briefly, the Korean NHIS database includes
subjects’ demographic information, prescription
dispensing records, as well as procedure and diag-
nosis codes for inpatient and outpatient services.
Diagnoses were coded based on the International
Classification of Disease, Tenth Revision, Clinical
Modification codes. Detailed information regarding
the Korea NHIS database was described elsewhere
(12). This study was exempt from review by the Seoul
National University Hospital Institutional Review
Board (E-1802-091-923).

STUDY DESIGN. We studied adult patients with
nonvalvular AF treated with warfarin or DOACs
(rivaroxaban, dabigatran, apixaban, or edoxaban). We
identified 263,263 patients who had $1 pharmacy
claim for warfarin or DOACs during the identification
period (from January 1, 2013 to December 31, 2016)
and excluded the patients who were prescribed any
OAC before January 1, 2014. Therefore, we only
included new users of an index OAC. We excluded
patients with valvular AF, end-stage renal disease,
those <20 years of age, and those who had alternative
indications for OAC treatment (e.g., deep vein
thrombosis, pulmonary embolism, or joint replace-
ment surgery). In the Korean NHIS database, we could
not differentiate between new and recurrent epi-
sodes; thus, we excluded patients with a history of
ischemic stroke, ICH, or gastrointestinal (GI) bleeding
(13,14). Of the 85,818 patients, body weight data was
available for 58,838 patients, and finally, 21,679 pa-
tients with a body weight #60 kg were included in the
analysis (Figure 1).

COVARIATES. Baseline characteristics, including
age, sex, and comorbidities (hypertension, diabetes,
dyslipidemia, congestive heart failure, peripheral ar-
tery disease [PAD], chronic obstructive pulmonary
disease, and previous myocardial infarction), were
evaluated. Comorbidities were defined by diagnosis
codes, prescription records, and inpatient and/or
outpatient hospital visits within 1 year before the
index date (Online Table 1). The CHA2DS2-VASc score
was calculated by assigning 2 points each for those
age 75 years or older and those with previous stroke,
transient ischemic attack, and/or systemic thrombo-
embolism, and 1 point each for age 65 to 74 years,
female sex, congestive heart failure, hypertension,
diabetes, and vascular disease (PAD or previous
myocardial infarction) (15). We also analyzed body
weight, body mass index, and renal function of the
patients, which was calculated by creatinine clear-
ance (CrCl) using the Cockcroft-Gault method.

DEFINITIONS. We included patients with a body
weight of #60 kg because low body weight thresholds
were often used to define underweight in randomized
clinical trials (16–18). In addition, body weight #60 kg
was a clinical indication for a dose reduction
of apixaban (if age $80 years and/or serum
creatinine $1.5 mg/dl was also present) and edoxaban
(16,17). Among these populations, extremely low
body weight was defined as <50 kg (10,18,19).

STUDY OUTCOMES AND FOLLOW-UP. Six clinical
outcomes were used to determine the effectiveness
and safety of DOACs and warfarin, including ischemic
stroke, ICH, hospitalization for GI bleeding, hospi-
talization for major bleeding, all-cause death, and the
composite outcome (ischemic stroke þ ICH þ

https://doi.org/10.1016/j.jacc.2018.11.051


FIGURE 1 Study Population Enrollment Flow

Exclusion if:
- Patients <20 years of age (n = 5,207)
- Patients were diagnosed with valvular AF (n = 7,535),
   pulmonary embolism (n = 4,325), or deep vein
   thrombosis (n = 2,918)
- Patients received joint replacement (n = 2,694)
- Patients were diagnosed with ESRD (n = 1,102)
- Patients with previous stroke (n = 22,931),
   ICH (n = 2,120) or GI bleeding (n = 2,745)

Prevalent AF from Jan 2013
(n = 648,560)

AF patients treated with OAC between Jan
2013 to Dec 2016

(n = 263,263)

OAC new-user from Jan 2014
(n = 135,939)

Patients without previous stroke, ICH, or GI
bleeding (n = 85,818)

Patients with body weight information
(Korean NHIS Health checkup database)

(n = 58,838)

Patients with low body weight (≤60 kg)
(n = 21,679)

Warfarin
(n = 7,576)

DOACs
(n = 14,103)

From a total of 135,939 new users of oral anticoagulants (OACs) since January 2014, 7,576 warfarin users and 14,103 direct oral anticoagulant

(DOAC) users were included in this study. AF ¼ atrial fibrillation; ESRD ¼ end-stage renal disease; GI ¼ gastrointestinal; ICH ¼ intracranial

hemorrhage; NHIS ¼ National Health Insurance System.
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hospitalization for GI bleeding þ all-cause death) (14).
Detailed definitions of study outcomes are described
in Online Table 1. The index date was the first date of
warfarin or DOAC use. To assess clinical outcomes,
patients were censored at the outcome events or the
end of the study period (December 31, 2016), which-
ever occurred first. We also performed a sensitivity
analysis in analogy with the on-treatment analysis,
whereby patients were also censored at the discon-
tinuation of index treatment during the study period.
Discontinuation was defined as a 30-day gap from the
last day of supply of the last prescription.

STATISTICAL ANALYSIS. To compare the warfarin
and pooled DOAC groups, propensity score (PS)
methods were used (20). The PS of being in each
treatment group was assessed using a logistic
regression model with all baseline covariates (Online
Table 2). To balance the baseline characteristics
between the 2 treatment groups, inverse probability
weighting (IPW) analysis was used regarding time-to-
event analyses using stabilized weights calculated
from PS (21). Because the sample sizes of the 2 treat-
ments were different, IPW was used rather than PS
matching so the whole study population would not be
lost and to keep generalizability. IPW used the whole
data set, assigned inverse probability of received
treatment weighting by corresponding to 1/PS for
patients in the treated cohort and [1/(1-PS)] for those
in the control cohort, and generated a pseudo-
population with an almost perfect covariate balance
between the 2 treatment groups (22). Furthermore,
we trimmed the individuals with extreme PS values
to avoid extreme weights in IPW. In IPW with 5%
trimming, stabilized weights were trimmed at the 5th

https://doi.org/10.1016/j.jacc.2018.11.051
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TABLE 1 Baseline Characteristics of Patients Using Warfarin Versus DOACs

Propensity Score Weighting

Before After (With 5% Trimming)

DOACs
(n ¼ 14,103)

Warfarin
(n ¼ 7,575) ASD

DOACs
(n ¼ 12,810)

Warfarin
(n ¼ 6,692) ASD

Age, yrs 73.4 � 8.1 70.1 � 10.8 0.348 72.6 � 7.4 72.9 � 8.5 0.043

<65 13 28 14 17

65–74 39 33 43 36

$75 48 39 43 47

Men 31 34 0.095 32 32 0.009

CHA2DS2-VASc score 3.91 � 1.61 3.86 � 1.87 0.031 3.92 � 1.64 3.97 � 1.83 0.032

0–1 5 11 6 9

2–3 36 33 36 32

$4 59 56 58 59

Body weight, kg 53.2 � 5.5 53.3 � 5.5 0.010 53.2 � 5.5 53.2 � 5.6 0.002

50–60 72 72 72 72

<50 28 28 28 28

Body mass index,
kg/m2

22.3 � 2.5 22.1 � 2.5 0.116 22.3 � 2.5 22.3 � 2.5 0.007

CrCl, ml/min 79.7 � 35.1 80.1 � 32.7 0.011 78.9 � 22.7 78.6 � 20.4 0.010

Hypertension 67 67 0.003 68 68 0.009

Diabetes mellitus 18 18 0.004 19 19 0.010

Dyslipidemia 38 36 0.048 38 39 0.013

Heart failure 32 43 0.223 36 36 0.013

Previous MI 3 5 0.088 3 4 0.025

PAD 19 17 0.045 18 18 0.007

COPD 21 24 0.065 22 23 0.012

DOAC dose

Regular dose* 38 — — 40 — -

Reduced dose† 62 — — 60 — -

Values are mean � SD or %, unless otherwise indicated. *Regular dose DOACs are 20 mg rivaroxaban once daily,
150 mg dabigatran twice daily, 5 mg apixaban twice daily, and 60 mg edoxaban once daily. †Reduced dose
DOACs are 15 or 10 mg rivaroxaban once daily, 110 mg dabigatran once daily, 2.5 mg apixaban twice daily, and
30 mg edoxaban once daily.

ASD ¼ absolute standardized difference; CHA2DS2-VASc ¼ congestive heart failure, hypertension, age $75
years, diabetes mellitus, prior stroke, transient ischemic attack, or thromboembolism, vascular disease, age 65–74
years, sex category (female); COPD ¼ chronic obstructive pulmonary disease; CrCl ¼ creatinine clearance;
DOAC ¼ direct oral anticoagulant; IQR ¼ interquartile range; MI ¼ myocardial infarction; PAD ¼ peripheral artery
disease.
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and 95th percentile of the weights (23). After IPW
with trimming, the balance of covariates between the
2 groups was evaluated using the absolute standard-
ized difference (ASD). The ASD calculated the balance
of covariates independently on the sample size of
groups (24,25). An ASD #0.1 (10%) indicated that the 2
groups were well-balanced in a covariate, with a
negligible difference (26).

Incidence rates were calculated based on
weighted number of events during the follow-up
period divided by 100 person-years at risk. The risk
of the 6 clinical outcomes for pooled DOACs versus
warfarin (reference) was obtained using survival
analysis with the Kaplan-Meier method (log-rank
test) and weighted Cox proportional hazards
regression models with IPW. For clinical outcome
analysis of the extremely low body weight group
(<50 kg), a subgroup analysis was conducted, and
patients were categorized by body weight (<50 kg
and 50 to 60 kg). The balance of covariates between
the warfarin and DOAC groups was evaluated in each
subgroup using ASD.

Statistical significance was defined as p < 0.05.
Statistical analyses were performed using SAS 9.3
(SAS Institute Inc, Cary, North Carolina).

SENSITIVITY ANALYSES. For the clinical outcome
analysis, we used a weighted Cox proportional haz-
ards regression model with 5% trimmed IPW in the
main analysis. To provide complementary analyses,
we also used multivariable Cox proportional hazards
regression models. All variables using the PS calcu-
lation were included for multivariable adjustment:
age, sex, CHA2DS2-VASc score, hypertension, dia-
betes, dyslipidemia, congestive heart failure, PAD,
previous myocardial infarction, chronic obstructive
pulmonary disease, body weight, and CrCl. We also
performed IPW without trimming for the sensitivity
analysis.

SUBGROUP ANALYSES. The analyses of comparisons
between pooled DOACs and warfarin in the total
study population were supplemented by stratified
analyses according to the doses (regular and
reduced), label adherence of DOAC dosing, and DOAC
types (rivaroxaban, dabigatran, apixaban, and
edoxaban).

Regular doses of DOACs were defined as rivarox-
aban 20 mg once daily, dabigatran 150 mg twice daily,
apixaban 5 mg twice daily, and edoxaban 60 mg once
daily. For subgroup analysis by label adherence to
DOAC dosing, patients were categorized as follows:
dosing consistent with label (on-label), off-label
underdosed, and off-label overdosed, according to
the approved dose criteria. Dose reduction criteria
were specific to each DOAC based on patient baseline
characteristics (Online Table 3). Because there were
some differences in dosing labels among different
countries, we applied the criteria used in pivotal
clinical trials that were generally consistent with
approved drug labeling in Korea during the study
period. Patients in whom a selected DOAC was con-
traindicated were classified as off-label overdosed.
Subgroup analyses were performed using a multi-
variable Cox proportional hazards regression model.

RESULTS

BASELINE CHARACTERISTICS. After application of
inclusion and exclusion criteria, 21,589 patients with
AF, low body weight (#60 kg), and newly prescribed
warfarin (n ¼ 7,576) or DOACs (n ¼ 14,103) were
included. In the pooled DOAC group, 43% of patients

https://doi.org/10.1016/j.jacc.2018.11.051


FIGURE 2 Cumulative Incidence Curves of 6 Clinical Outcomes in Pooled DOAC Versus Warfarin in the Total Study Population (#60 kg)
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Compared with warfarin (WFR), DOACs carried significantly lower risks for ischemic stroke, major bleeding, all-cause death, and composite outcome. Cumulative

incidence curves for (A) ischemic stroke, (B) intracranial hemorrhage, (C) all-cause death, (D) hospitalization for GI bleeding, (E) hospitalization for major bleeding, and

(F) composite outcome. Abbreviations as in Figure 1.
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received rivaroxaban, 26% received dabigatran, 24%
received apixaban, and 8% received edoxaban. Before
PS weighting, patients treated with DOACs were
older, had a slightly higher body mass index, and
showed lower prevalence of heart failure than those
treated with warfarin (Table 1). After PS weighting,
the warfarin and DOAC groups were well-balanced in
all variables (all ASDs <0.1%) (Table 1, Online
Figure 1). The mean age was 73 years, and the mean
CHA2DS2-VASc score was 4. In both the warfarin and
DOAC groups, 28% of patients weighed 50 kg. In the
DOAC group, 60% of patients received a reduced dose
of DOACs.
CLINICAL OUTCOMES IN PATIENTS WEIGHING £60 KG.

The cumulative incidence curves of the 6 clinical
outcomes are shown in Figure 2, and hazard ratios
(HRs) of DOAC treatment with warfarin as the refer-
ence are shown in the Central Illustration and Online
Table 4. The incidence rates of all outcomes during
a median of 1.2 years (interquartile range: 0.6 to 1.7
years) are listed in Table 2. Compared with warfarin,
DOAC was associated with a 41% lower risk of
ischemic stroke (HR: 0.591; 95% confidence interval
[CI]: 0.510 to 0.686; p < 0.001). Compared with
warfarin, DOAC use was associated with a 30%
reduction in the risk of major bleeding (HR: 0.705;
95% CI: 0.601 to 0.825; p < 0.001), which was mainly
driven by a reduction in ICH (HR: 0.554; 95% CI: 0.429
to 0.713; p < 0.001). For hospitalization due to GI
bleeding, DOAC treatment was associated with a

https://doi.org/10.1016/j.jacc.2018.11.051
https://doi.org/10.1016/j.jacc.2018.11.051
https://doi.org/10.1016/j.jacc.2018.11.051
https://doi.org/10.1016/j.jacc.2018.11.051


CENTRAL ILLUSTRATION 6 Clinical Outcomes in Direct Oral Anticoagulant Versus Warfarin (Reference) Groups in
Total Study Population and in Subgroup Patients Who Weighed 50 to 60 kg and <50 kg
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Lee, S.-R. et al. J Am Coll Cardiol. 2019;73(8):919–31.

Compared with warfarin use (WFR) as the reference, direct oral anticoagulants (DOACs) were associated with lower risks of ischemic stroke (hazard ratio [HR]: 0.591;

95% confidence interval [CI]: 0.510 to 0.686), major bleeding (HR: 0.705; 95% CI 0.601 to 0.825), a greater reduction in intracranial hemorrhage (HR: 0.554; 95%

CI: 0.429 to 0.713), and had a lower risk of all-cause death (HR: 0.705; 95% CI: 0.630 to 0.789). DOAC use showed improved net clinical benefit compared with

warfarin (HR for composite outcome: 0.660; 95% CI: 0.606 to 0.717), and this was consistent in patients who weighed <50 kg (HR for composite outcome: 0.665;

95% CI: 0.581 to 0.762). GI ¼ gastrointestinal.
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TABLE 2 Incidence Rates of 6 Clinical Outcomes During Follow-Up Period

Incidence Rate*

Total 50–60 kg <50 kg

DOAC Warfarin DOAC Warfarin DOAC Warfarin

Ischemic stroke 2.82 4.13 2.50 3.56 3.64 5.72

Intracranial hemorrhage 0.92 1.39 0.94 1.32 0.87 1.55

Hospitalization for GI bleeding 1.79 1.77 1.44 1.58 2.73 2.26

Hospitalization for major bleeding 2.67 3.09 2.34 2.85 3.52 3.74

All-cause death 5.09 6.66 4.00 5.44 7.91 9.92

Composite outcome 9.37 12.2 7.96 10.5 13.0 16.8

*Incidence rate was calculated based on weighted number of events in weighted cohort (per 100 person-years).

DOAC ¼ direct oral anticoagulant; GI ¼ gastrointestinal.
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lower risk than that of warfarin (HR: 0.816; 95% CI:
0.668 to 0.996; p ¼ 0.045). DOAC use was associated
with a 30% lower risk of all-cause death (HR: 0.705;
95% CI: 0.630 to 0.789; p < 0.001) and an improved
net clinical benefit compared with warfarin (HR for
composite outcome: 0.660; 95% CI: 0.606 to 0.717;
p < 0.001). On-treatment analysis showed the similar
trends with the main results across all 6 clinical out-
comes (Online Table 5, Online Figure 2). The benefit
of DOACs compared with warfarin were slightly
accentuated in the on-treatment analysis.
CLINICAL OUTCOMES STRATIFIED BY BODY

WEIGHT. Before comparing clinical outcomes, we
evaluated the balance of all covariates between the 2
study groups in each subgroup categorized by body
weight. The DOAC and warfarin groups were
well-balanced in all variables (all ASDs of <0.1)
in each subgroup (Online Table 6). Patients who
weighed <50 kg were older, more likely to be women,
and had higher CHA2DS2-VASc scores than patients
who weighed 50 to 60 kg (Online Table 6). The pro-
portion of those taking a reduced dose DOAC pre-
scription was higher in patients weighing <50 kg than
in patients weighing 50 to 60 kg (67% vs. 58%). In
general, patients weighing <50 kg showed higher
incidences of all 6 clinical outcomes than that of pa-
tients weighing 50 to 60 kg (Table 2). The Central
Illustration shows the HRs of the clinical outcomes
for DOACs compared with warfarin in each subgroup.

In both subgroups, DOACs showed consistently
better outcomes than warfarin for ischemic stroke,
ICH, hospitalization for major bleeding, all-cause
death, and the composite outcome (Central
Illustration, Online Table 4). Although DOACs
showed outcomes comparable to those of warfarin for
hospitalization for GI bleeding in patients who
weighed <50 kg, the DOAC group had a lower risk of
major bleeding and improved net clinical benefit. The
cumulative incidence curves for the 6 clinical out-
comes are presented in Online Figure 3 and Figure 3.

SENSITIVITY ANALYSIS. The consistent benefits of
DOACs were shown by the sensitivity analysis. Using
a multivariable Cox regression model and IPW
without trimming, DOACs were associated with better
outcomes than warfarin, with similar HRs for all 6
clinical outcomes as shown in the main analysis using
IPW with 5% trimming (Online Figure 4).
SUBGROUP ANALYSES. DOAC doses : regular dose
versus reduced dose . Among DOAC users, 8,723
(61.9%) patients used a reduced dose. Among patients
who weighed <50 kg, 2,704 (68.3%) DOAC users were
prescribed a reduced dose of DOACs (Online Table 7).
The results for the 6 clinical outcomes were
consistent across regular and reduced doses of DOACs
(Online Figure 5).

Baseline characteristics between reduced and reg-
ular doses of DOACs are listed in Table 3. Before PS
weighting, patients treated with a reduced dose of
DOACs were significantly older and had higher
CHA2DS2-VASc scores than patients treated with
regular doses of DOACs. After PS weighting using a
5% trimmed IPW method, all covariates were well-
balanced. In weighted cohorts, patients who
received a reduced dose of DOACs showed slightly
higher incidence rates of ischemic stroke in the total
population, similar to patients who weighed 50 to
60 kg and <50 kg (Table 4). The incidence of ICH was
slightly higher in patients who received a regular
dose in the total population and in patients who
weighed 50 to 60 kg, but not in patients who
weighed <50 kg.

Figure 4 shows the HRs of the clinical outcomes for
a regular dose of DOACs compared with a reduced
dose of DOACs in each subgroup. In patients who
weighed 50 to 60 kg, a regular dose of DOACs showed
a slightly favorable trend for ischemic stroke and an
unfavorable trend for ICH, but there was no statistical
significance, and the net clinical benefit was almost
neutral compared with a reduced dose of DOACs.
Because 73% of the patients were 50 to 60 kg, the
trends in the total study population followed that of
patients who weighed 50 to 60 kg. In patients who
weighed <50 kg, wider CIs were observed due to the
small number of patients, but all 6 clinical outcomes
of a regular dose of DOACs were neutral compared
with a reduced dose of DOACs.
Label adherence of DOAC dos ing . Patients were
categorized by label adherence of DOAC dosing
(Online Table 3). Of the total study population, 65.3%
were prescribed on-label doses of DOACs, 30.7% were
prescribed off-label underdose DOACs, and 4% were
prescribed off-label overdosed DOACs. Edoxaban
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FIGURE 3 Cumulative Incidence Curves of 6 Clinical Outcomes in Pooled DOAC Versus WFR in Patients With Extremely Low Body Weight (<50 kg)
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showed higher off-label overdosing rates (27.8%) than
other DOACs (rivaroxaban, dabigatran, and apixaban:
1.9%, 0.2%, and 4.4%, respectively) (Online Table 8).

Patients with on-label doses of DOACs showed
consistently lower crude incidence rates than that
of warfarin for the 6 clinical outcomes (Online
Figures 6 and 7). Patients prescribed off-label
overdosed DOACs showed a higher incidence of
ischemic stroke, bleeding, all-cause death, and the
composite outcome compared with those with on-
label doses of DOAC and even compared with
those on warfarin.

Overall, an on-label dose of DOACs showed better
clinical outcomes than warfarin, as shown in the main
analysis (Online Figure 8). Among the 3 groups (on-
label dosing, off-label underdosing, and off-label
overdosing), an on-label prescription of DOACs was
associated with the largest risk reduction for the
composite clinical outcomes compared with warfarin,
and this result was consistent even in patients who
weighed <50 kg.
DOAC types . Baseline characteristics by DOAC types
are shown in Online Table 9. Overall, the net clinical
benefit of DOACs compared with warfarin was
consistent across all types of DOACs (Online Figures 9
and 10). The number of patients prescribed edoxaban
was small, which led to wide CIs and statistical
nonsignificance.

DISCUSSION

To the best of our knowledge, this was the first
comparison of the effectiveness and safety of
warfarin and DOACs in a large nationwide AF
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TABLE 3 Baseline Characteristics of Patients Treated With Regular Dose and Reduced

Dose DOACs

Propensity Score Weighting

Before After (With 5% Trimming)

Reduced Dose*
(n ¼ 8,723)

Regular Dose†
(n ¼ 5,380) ASD

Reduced Dose*
(n ¼ 7,883)

Regular Dose†
(n ¼ 4,840) ASD

Age, yrs 75.1 � 7.5 70.6 � 8.2 0.564 72.6 � 7.4 72.9 � 8.5 <0.001

<65 8 21 10 9

65–74 35 46 42 46

$75 57 33 48 45

Men 30 31 0.027 31 31 0.001

CHA2DS2-VASc
score

4.09 � 1.58 3.62 � 1.61 0.292 3.92 � 1.64 3.97 � 1.83 <0.001

0–1 4 8 4 4

2–3 33 42 37 37

$4 63 51 59 59

Body weight, kg 52.8 � 5.7 53.9 � 5.2 0.202 53.2 � 5.5 53.2 � 5.6 0.006

50–60 69 77 73 73

<50 kg 31 22 27 27

Body mass index,
kg/m2

22.3 � 2.6 22.4 � 2.4 0.049 22.3 � 2.5 22.3 � 2.5 0.002

CrCl, ml/min 78.3 � 38.6 81.9 � 28.6 0.103 78.9 � 22.7 78.6 � 20.4 0.026

Hypertension 68 65 0.056 68 67 0.006

Diabetes mellitus 18 18 0.004 19 18 0.003

Dyslipidemia 38 39 0.013 39 39 0.003

Heart failure 33 30 0.062 32 32 <0.001

Previous MI 3 3 0.031 3 3 0.010

PAD 19 18 0.037 19 19 <0.001

COPD 22 19 0.087 21 21 0.008

DOAC type

Rivaroxaban 39 49 39 52

Dabigatran 30 18 31 17

Apixaban 22 27 21 26

Edoxaban 9 6 9 5

Values are mean � SD or %, unless otherwise indicated. *Reduced dose DOACs are 15 or 10 mg rivaroxaban once
daily, 110 mg dabigatran once daily, 2.5 mg apixaban twice daily, and 30 mg edoxaban once daily. †Regular dose
DOACs are 20 mg rivaroxaban once daily, 150 mg dabigatran twice daily, 5 mg apixaban twice daily, and 60 mg
edoxaban once daily.

Abbreviation as in Table 1.

TABLE 4 Incidence Rates of 6 Clinical Outcomes During Follow-Up Period: Regular and

Reduced Dose DOACs

Incidence Rate*

Total 50–60 kg <50 kg

Reduced Regular Reduced Regular Reduced Regular

Ischemic stroke 3.16 2.77 2.90 2.44 3.89 3.69

Intracranial hemorrhage 0.90 0.96 0.93 1.04 0.83 0.74

Hospitalization for GI bleeding 1.88 1.69 1.63 1.39 2.54 2.50

Hospitalization for major bleeding 2.71 2.62 2.50 2.42 3.30 3.15

All-cause death 4.94 4.71 4.35 4.02 6.49 6.60

Composite outcome 9.55 9.04 8.77 7.86 11.62 12.27

*Incidence rate was calculated based on weighted number of events in weighted cohort (per 100 person-years).

Abbreviations as in Tables 1 and 2.
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cohort with data on low body weight. The main
findings of this study were as follows: 1) DOAC use
was associated with lower risks of ischemic stroke,
ICH, hospitalization for GI bleeding, hospitalization
for major bleeding, all-cause death, and the com-
posite outcome in patients with low body weight
(#60 kg); 2) a consistent trend was observed in
patients with extremely low body weight (<50 kg),
except for hospitalization for GI bleeding; 3) a
regular dose of DOACs showed comparable results
to a reduced dose of DOACs; and 4) on-label DOAC
prescriptions showed the best net clinical out-
comes compared with (off-label) underdosed or
overdosed DOACs.

Generally, DOACs resulted in comparable or better
outcomes than warfarin in patients with nonvalvular
AF (8). However, the anticoagulant effects of DOACs
were closely related to plasma concentration, and
their distribution volume was closely related to body
size; therefore, body weight could affect their anti-
coagulant effects (27).

The published pharmacokinetics data were
slightly different for each DOAC. Apixaban showed
a 27% increase in the mean maximal plasma con-
centration (Cmax) and a 20% increase in the area
under the curve, respectively, in patients who
weighed <50 kg compared with those with normal
body weight (19). The effect of low body weight on
apixaban exposure was estimated as modest, and
low body weight alone did not suffice for dose
reduction (16). Thus, apixaban 5 mg twice daily
was recommended for patients with isolated body
weight #60 kg, and a reduced dose was recom-
mended if patients were also aged 80 years or
older and/or had serum creatinine $1.5 mg/dl
(16,28). The Cmax of edoxaban increased approxi-
mately 40% in patients <60 kg (29), and a 50%
dose reduction was recommended in this popula-
tion (17). Although dabigatran concentration
showed a 21% increase in patients who
weighed <50 kg compared with those with normal
weight, pharmacokinetic analysis showed that renal
function had a stronger effect on drug concentra-
tions, and dose adjustment was only recommended
in patients with renal impairment (dabigatran
75 mg is recommended in the United States for
CrCl of <30 ml/min) (30,31). Routine dose re-
ductions in patients who weighed <50 kg without
renal impairment were not recommended, but
these patients need close clinical surveillance (32).
According to the pharmacokinetics of rivaroxaban,
there were no clinically relevant changes in Cmax
or the area under the curve in patients who
weighed <50 kg (33).
Beyond pharmacokinetic evidence, clinical expe-
rience with DOACs in patients with low body weight
is lacking. Patients with low body weight (#60 kg)
and extremely low body weight (<50 kg) were



FIGURE 4 Hazard Ratios of 6 Clinical Outcomes in Comparison of Reduced Versus Regular Dose DOACs
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The regular dose showed slightly favorable (HR directed to Favor Regular Dose) in ischemic stroke and unfavorable (HR directed to Favor

Reduced Dose) in ICH, but there was no statistical significance, and net clinical benefit was almost neutral compared with the reduced dose in

patients who weighed 50 to 60 kg. Because 73% of the patients were 50 to 60 kg, the trend in the total study population followed that of

patients who weighed 50 to 60 kg. In patients who weighed <50 kg, wider confidence intervals (CIs) were observed due to the small number

of patients, but all 6 clinical outcomes of the regular dose of DOACs were neutral compared with the reduced dose of DOACs. (A) Total

study population. (B) Body weight 50 to 60 kg. (C) Extremely low body weight (<50 kg). *Reduced dose served as the reference.

CI ¼ confidence interval; HR ¼ hazard ratio; other abbreviation as in Figure 1.
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under-represented in pivotal randomized clinical
trials (Online Table 10) (16,17,34,35). Data were
limited even for DOACs that included low body
weight as a dose reduction criterion (apixaban and
edoxaban) (16,17).

Low body weight is relatively common in Asian
populations (#60 kg: w50%), and individuals
frequently present with comorbidities such as old
age, frailty, and renal impairment, which may in-
crease the risk of thromboembolic and bleeding
events (14). However, no data were available for pa-
tients who weighed <60 kg or <50 kg based on a large
real-world AF cohort that analyzed 4 DOACs. In our
study, we included 14,103 DOAC users and demon-
strated that DOAC treatment was associated with
better outcomes for both thromboembolic and
bleeding events in patients who weighed #60 kg.
These benefits were consistent in patients who
weighed <50 kg, except for hospitalization for GI
bleeding. The risk of hospitalization for GI bleeding
was comparable in the DOAC and warfarin groups for
patients who weighed <50 kg.

Overall, all DOACs showed similar trends in the
main analysis (Online Figures 9 and 10). In patients
who weighed <50 kg, rivaroxaban showed a
nonsignificant trend toward an increased risk of
hospitalization for GI and major bleeding compared
with warfarin. Edoxaban showed neutral HRs and
wide CIs in some clinical events because of the
small numbers and its more recent introduction as a
drug therapy. The numbers of patients treated with
each DOAC were not sufficient to make definite
conclusions, and edoxaban had a shorter follow-up
duration than other OACs because of its recent
introduction to the market. In addition, the pro-
portion of regular or reduced doses and label
adherence of DOAC dosing was not adjusted in this
analysis.

When stratifying by DOAC doses, both the regular
and the reduced doses of DOACs showed better out-
comes than warfarin in the 6 clinical outcomes
(Online Figure 5). Between the regular and reduced
dose of DOACs, there was no profound differences
between the 2 dose regimens in all 6 clinical out-
comes (Figure 4). Considering label adherence by
DOAC dosing, patients with off-label overdosing of
DOAC showed the worst outcomes in all 6 clinical
outcomes compared with those prescribed on-label
dosed DOACs and even compared with those with
warfarin (Online Figure 8). These findings were
consistent with those of previous reports (36,37).
Compared with appropriate dosing, off-label over-
dosing was associated with an increased risk of major
bleeding or all-cause death (36,37). In addition,
off-label underdosing showed an increased risk of
first cardiovascular hospitalization or thromboem-
bolic events (only in apixaban) (36,37). In our study,
on-label DOAC dosing showed a larger risk reduction
in all 6 clinical outcomes than off-label underdosing
and overdosing compared with warfarin. Although we
adopted the dosing labels from pivotal clinical trials,
modified dosing labels were implemented among
different countries. According to the dosing label and
what the standard dose is in a particular country’s
approved prescribing label, it is possible the patient
classification and the clinical outcomes by label
adherence of DOAC dosing may be changed. The
impact of off-label dosing should therefore be care-
fully interpreted in the context of the dosing label for
each country.

STUDY LIMITATIONS. First, the quality of warfarin
treatment represented as time in the therapeutic
range (TTR) was not evaluated. The Korean NHIS
claims database and health checkup database did not
include individual data on the international
normalized ratio of prothrombin time. Poor TTR
control in Asian patients treated with warfarin was
consistently observed in previous studies (38–40). In
subanalyses of the RE-LY (Randomized Evaluation of
Long-Term Anticoagulation Therapy) trial, although
the benefit of dabigatran was consistent across wide
ranges of TTR, TTR of Korean patients was signifi-
cantly lower (55%) than that of total study popula-
tion (64%) (41). In a recent retrospective analysis,
mean TTR was reported as 50% for Korean AF pa-
tients (42). Although we could not provide TTR in
our study group, the results should be carefully
interpreted considering the relatively lower TTR of
Asian patients. In addition, actual drug adherence
could not be evaluated, which was an inherent lim-
itation of claim data. Second, patients with a history
of ischemic stroke, ICH, or GI bleeding were
excluded from this study. Third, although we care-
fully matched the 2 study groups using the IPW
method and achieved well-balanced cohorts, the
possibility of residual confounding from unmeasured
factors still exists. Finally, this study was designed
from the claims database of the entire Korean pop-
ulation; therefore, the ethnic uniformity of the
cohort should be considered when these results are
interpreted and generalized.

CONCLUSIONS

In this real-world Asian population with nonvalvular
AF and low body weight (#60 kg), DOACs showed
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: Compared with warfarin in
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better effectiveness and safety than warfarin. This
result remained consistent in patients with
extremely low body weight (<50 kg). Also, regular
doses of DOACs showed comparable results to
reduced doses of DOACs.
patients with atrial fibrillation and low body weight,

anticoagulation with target-specific oral anticoagu-

lants was associated with net clinical benefit.

TRANSLATIONAL OUTLOOK: Studies that include

a higher proportion of Asian patients are needed to

confirm the generalizability of our observations.
ADDRESS FOR CORRESPONDENCE: Dr. Eue-Keun
Choi, Department of Internal Medicine, Seoul
National University Hospital, 101 Daehak-ro, Jongno-gu,
Seoul 03080, Republic of Korea. E-mail: choiek17@
snu.ac.kr. Twitter: @SNUnow, @HospitalSeoul.
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