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CLINICAL AND POPULATION SCIENCES

Effectiveness and Safety of Anticoagulation 
Therapy in Frail Patients With Atrial Fibrillation
Daehoon Kim , MD*; Pil-Sung Yang , MD*; Jung-Hoon Sung, MD; Eunsun Jang , MS; Hee Tae Yu , MD;  
Tae-Hoon Kim , MD; Jae-Sun Uhm , MD; Jong-Youn Kim , MD; Hui-Nam Pak , MD; Moon-Hyoung Lee , MD;  
Gregory Y.H. Lip , MD†; Boyoung Joung , MD†

BACKGROUND: Frail patients with atrial fibrillation (AF) are less likely to receive anticoagulation than nonfrail patients with AF 
despite frailty being associated with poorer clinical outcomes including stroke. Using a population-based cohort, we sought 
to assess the effectiveness and safety of oral anticoagulants (OACs) in frail patients with AF.

METHODS: This retrospective cohort study analyzed 83 635 patients aged at least 65 years with AF and frailty (≥5 Hospital 
Frailty Risk Score) between January 1, 2013 and December 31, 2016 from the Korean National Health Insurance Service 
database. To account for the differences between patients receiving OAC or not and across different OAC regimens, 
propensity score–weighting was used. Net adverse clinical event, defined as the first event of ischemic stroke, major bleeding, 
or cardiovascular death, was compared. In addition, each individual outcome was examined separately.

RESULTS: In the study population (57.1% women; mean age, 78.5±7.2 years), a total of 14 968 net adverse clinical event, 3718 
ischemic stroke, 5536 major bleeding, and 6188 cardiovascular death occurred. In comparison with no OAC use, OAC use 
was associated with lower risks of net adverse clinical event (hazard ratio, 0.78 [95% CI, 0.75–0.82]), ischemic stroke (hazard 
ratio, 0.91 [95% CI, 0.86–0.97]), and cardiovascular death (hazard ratio, 0.52 [95% CI, 0.49–0.55]), but no difference was 
observed for major bleeding (hazard ratio, 1.02 [95% CI, 0.95–1.10]). Compared with warfarin, all four individual direct OAC 
were associated with decreased risks of net adverse clinical event, ischemic stroke, major bleeding, and cardiovascular death. 
The associations for OAC use (compared to no OAC use) or direct OAC use (compared to warfarin) with favorable outcomes 
were more prominent in individuals with a higher CHA2DS2-VASc score of at least 3.

CONCLUSIONS: Among frail patients with AF, OAC treatment was associated with a positive net clinical outcome. Direct OACs 
provided lower incidences of stroke, bleeding, and mortality, compared with warfarin.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Frailty is described as a biologic syndrome appear-
ing as a decreased ability to recover from stressors 
due to cumulative declines in multiple physiological 

systems, in homeostatic reserve, and in resiliency, and 
has been shown to be ultimately associated with more 

adverse clinical outcomes.1,2 Atrial fibrillation (AF) poses 
enormous socioeconomic implications given the risk of 
mortality and morbidity resulting from stroke, congestive 
heart failure, and impaired quality of life.3 AF may be a 
marker of frailty in older adults and may be related to 
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a loss of independence in performing activities of daily 
living.4,5 Also, AF could worsen a state of frailty, with a 
4-fold increased odds of being classified as frail, com-
pared with patients without AF.6

The most feared consequence of AF is a throm-
boembolic event, notably ischemic stroke, and stroke 
prevention with oral anticoagulation is the cornerstone 
for the management of AF.7 Despite an elevated stroke 
risk, the rate of adequate oral anticoagulation is lower in 
frail patients with AF than in nonfrail patients with AF.8,9 
Concerns for complications, mainly bleeding, could 
lead physicians to withhold oral anticoagulants (OACs) 
for frail patients who are more susceptible thereto, due 
to multimorbidity, interacting polypharmacy, cognitive 
impairment, and/or lowered elimination capacities of 
the liver and kidneys.10,11 In recent years, direct OAC 
(DOACs) have been shown to be much safer than war-
farin in regards to the risk of intracranial hemorrhage 
and at least as effective.12 However, there is a paucity 
of published data on DOACs against warfarin in frail 
patients with AF, who are generally under-represented 
in trial cohorts.12,13

Altogether, there is currently clinical uncertainty on 
whether or not to use OAC and on which OAC to use 
in frail patients with AF.14,15 Our aim was to assess the 
effectiveness and safety of OAC treatment in compari-
son with non-OAC treatment among frail patients with 
AF. Also, we compared clinical outcomes between frail 
OAC users taking DOACs and warfarin.

METHODS
This study is a retrospective analysis based on the national 
health claims database established by the National Health 
Insurance Service (NHIS) of Korea. Further details are pre-
sented in the Supplemental Methods. This study was approved 
by the Institutional Review Board of the Yonsei University Health 
System (4-2016-0179). The requirement for informed consent 
was waived because personal identification information was 
removed after cohort generation, in accordance with strict 
confidentiality guidelines. All data and materials of the NHIS 
are accessible to the public on the National Health Insurance 
Data Sharing Service homepage of the NHIS (http://nhiss.
nhis.or.kr). Applications to use the NHIS data are reviewed by 
the inquiry committee of research support and once approved, 
raw data is provided, on payment of a fee, to the authorized 
researcher at several permitted sites.

Study Population
From the entire Korean population in the Korean NHIS data-
base, we initially identified 232 948 OAC-naïve patients with AF 
aged ≥65 years between January 1, 2013 and December 31, 
2016. Patients with AF were identified using the International 
Classification of Disease Tenth Revision codes I48, only for a dis-
charge diagnosis or when confirmed at least twice in the outpa-
tient department to ensure diagnostic accuracy. AF diagnosis was 
previously validated in the NHIS database with a positive predic-
tive value of 94.1%.16 The entire cohort at entry consisted of OAC 
nonusers. The date of cohort entry was recorded as the date of 
first AF diagnosis (for incident AF in 2013–2016) or the date of 
first medical contact with a record of an AF diagnosis in 2013-
2016 (for prevalent AF diagnosed before January 1, 2013). For 
the patients who subsequently started OAC, the date an OAC was 
first prescribed was defined as the index date. For those who did 
not start OAC until December 31, 2016, we defined the index 
date as the date of cohort entry. For each patient, the Hospital 
Frailty Risk Score was calculated retrospectively using all avail-
able International Classification of Disease Tenth Revision diag-
nostic codes that were documented before the index date.17 The 
score comprises 109 codes found to be associated with frailty 
(Table 1). Each of these codes was given a specific value pro-
portional to how strongly it predicted frailty. Frailty was defined as 
having the aggregate score of at least 5 points.17

Outcomes and Covariates
The primary outcome was a net adverse clinical end point 
(NACE), defined as the first occurrence of ischemic stroke, 
major bleeding, or cardiovascular death. Secondary outcomes 
included the individual components of the NACE. If ≥2 indi-
vidual outcomes were observed on the same day, they were 
counted separately as individual outcomes. The definitions of 
clinical outcomes are presented in Table S1. Patients in the 
non-OAC group were followed up from their cohort entry until 
the occurrence of NACE, initiation of OAC treatment, death, or 
at the end of the study period (December 31, 2016), whichever 
occurred first. From the date of OAC initiation, patients were 
followed up as the OAC group until the occurrence of NACE, 
switching to other OACs, death, or December 31, 2016, which-
ever came earliest. Details about covariates are presented in 
the Supplemental Methods and Table S1.

Statistical Analysis
Characteristics of the study populations were reported as 
means±SD or percentages. In this observational study compar-
ing a population that received different treatments, propensity 
score analyses were used to reduce bias by accounting for 
differences between groups and mimicking randomized clini-
cal trials that examine different target populations.18 In assess-
ing the association between OAC use and outcomes, OAC 
use was entered into the models as a time-varying exposure. 
Any patient who subsequently started an OAC was assigned 
to the OAC group and contributed time to the no OAC group 
until the first date of OAC prescription. We used a propensity 
score overlap weighting approach to account for the differ-
ences in characteristics between frail patients with AF who 
underwent OAC treatment or not. During the follow-up, 28 547 
frail patients underwent OAC treatment with at least 30 days 

Nonstandard Abbreviations and Acronyms

AF	 atrial fibrillation
DOAC	 direct oral anticoagulant
NACE	 net adverse clinical end point
NHIS	 National Health Insurance Service
OAC	 oral anticoagulant
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Table 1.  Characteristics of Frail Patients With Atrial Fibrillation According to Oral Anticoagulation Treatment Before and After 
Propensity Score Weighting

Variables

Before weighting After weighting

OAC 
(N=28547)

No OAC 
(N=55088) ASD

OAC 
(N=28547)

No OAC 
(N=55088) ASD

Sociodemographics

  Age, y 77.4±6.7 79.1±7.4 0.24 77.9±6.7 78.4±7.2 0.07

  Female 56.2% 57.6% 0.03 56.9% 56.9% <0.01

  Income, high tertile 41.8% 38.5% 0.07 40.3% 40.3% <0.01

Risk scores

  CHA2DS2-VASc score* 5.8±1.7 5.4±1.8 0.23 5.6±1.7 5.6±1.8 <0.01

  mHAS-BLED score† 4.2±1.2 4.1±1.3 0.12 4.2±1.2 4.2±1.3 <0.01

  Charlson Comorbidity Index 7.4±3.4 7.4±3.6 0.01 7.4±3.5 7.4±3.4 <0.01

  Hospital Frail Risk Score 13.4±8.1 15.6±9.5 0.25 14.1±8.7 14.1±8.3 <0.01

Comorbidities

  Heart failure 66.6% 54.4% 0.25 62.7% 62.7% <0.01

  Hypertension 89.6% 83.4% 0.18 87.7% 87.7% <0.01

  Diabetes 38.3% 38.9% 0.01 39.0% 39.0% <0.01

  Dyslipidemia 91.6% 80.8% 0.32 88.6% 88.6% <0.01

  Ischemic stroke 57.0% 41.7% 0.31 50.7% 50.7% <0.01

  Transient ischemic attack 18.0% 16.9% 0.03 17.7% 17.7% <0.01

  Intracranial hemorrhage 6.1% 8.1% 0.08 6.8% 6.8% <0.01

  Myocardial infarction 15.5% 16.2% 0.02 15.9% 15.9% <0.01

  Peripheral artery disease 24.9% 22.2% 0.06 24.2% 24.2% <0.01

  Chronic kidney disease 14.1% 15.1% 0.03 14.7% 14.7% <0.01

  Proteinuria 8.5% 6.6% 0.07 7.8% 7.8% <0.01

  Osteoporosis 62.3% 63.0% 0.02 62.7% 62.7% <0.01

  COPD 34.8% 37.0% 0.05 35.9% 35.9% <0.01

  Chronic liver disease 52.8% 51.4% 0.03 52.2% 52.2% <0.01

  Malignant neoplasm 39.8% 43.3% 0.07 41.3% 41.3% <0.01

Medications

  Statin 48.8% 38.4% 0.21 45.1% 45.1% <0.01

  Beta blocker 57.5% 45.5% 0.24 52.7% 52.7% <0.01

  ACE inhibitor/ARB 65.9% 57.5% 0.17 63.1% 63.1% <0.01

  CCB DHP 58.0% 54.9% 0.06 57.5% 57.5% <0.01

  CCB Non DHP 13.9% 8.9% 0.16 11.6% 11.6% <0.01

  Loop/thiazide diuretics 68.0% 61.4% 0.14 65.9% 65.9% <0.01

  K+ sparing diuretics 19.9% 16.0% 0.10 18.5% 18.5% <0.01

  AAD class Ic 21.1% 13.5% 0.20 17.6% 17.6% <0.01

  AAD class III 6.1% 2.3% 0.19 45.1% 45.1% <0.01

  Digoxin 5.6% 2.6% 0.15 52.7% 52.7% <0.01

Variables contributing to the Hospital Frail Risk Score (ICD-10 codes)‡

  Dementia in Alzheimer disease (F00) 13.5% 21.4% 0.21 15.9% 15.9% <0.01

  Hemiplegia (G81) 19.5% 12.6% 0.19 16.0% 16.0% <0.01

  Alzheimer disease (G30) 2.0% 2.5% 0.04 2.1% 2.1% <0.01

  Sequelae of cerebrovascular disease (I69) 16.6% 16.2% 0.01 16.6% 16.6% <0.01

 � Other symptoms and signs involving the nervous and musculo-
skeletal systems (R29)

0.4% 0.3% 0.02 0.4% 0.4% <0.01

  Other disorders of urinary system (N39) 26.4% 31.9% 0.12 28.4% 28.4% <0.01

  Superficial injury of head (S00) 5.7% 6.1% 0.02 5.8% 5.8%  

(Continued )
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of prescription for dabigatran (150 or 110 mg bid), rivaroxa-
ban (20 or 15 mg qd), apixaban (5 or 2.5 mg bid), edoxaban 
(60 or 30 mg QD), or warfarin (Figure 1). A propensity score, 
the probability of undergoing OAC treatment, was calculated 
based on a total of 141 variables measured at the index dates: 
sex, age, income status, risk scores, comorbidities, medication 
use (presented in Table 1), and 109 variables contributing to 
Hospital Frail Risk Score calculation (fully presented in Table 
S2). The overlap weight was calculated as 1−propensity score 
for the OAC-treated patients and the propensity score for the 
patients without OAC treatment (details are presented in the 
Supplemental Methods).19

To account for the differences across 5 different OAC regi-
mens (dabigatran, apixaban, rivaroxaban, edoxaban, or warfarin), 
we used an inverse probability of treatment weighting approach 
for multiple treatment options. The weights were derived to 
obtain estimates representing population average treatment 
effects with optimal balance between the treatment popula-
tions by using generalized boosted models based on 10 000 
regression trees.20 Propensity scores were derived based on 
the 141 variables measured at the index dates (defined as the 
time of OAC initiations in OAC users). The examined treatment 
regimens should be contrasted on comparable populations and 
any patient must have positive probability for any treatment 
(positivity assumption), hence substantial overlap between the 
propensities for each treatment should be present.

Incidence rates were calculated by dividing the number of 
events by person-time at risk. We compared the incidences 
of outcomes using the weighted log-rank test and plotted 
weighted failure curves. Competing risk regression by Fine 

and Gray was used to consider all-cause death as a com-
peting event when estimating the relative hazards of clinical 
outcomes.21 Balance between treatment populations was 
additionally evaluated by standardized differences of all base-
line covariates, using a threshold of 0.1 to indicate imbalance. 
Cofactors that had not been balanced by weighting were 
included as covariates in the competing risk regression. The 
proportional hazards assumption was tested on the basis of 
Schoenfeld residuals. Negative binomial regression models 
were developed to compare the total number of adverse clini-
cal events between treatment groups. Cofactors that had not 
been balanced by weighting and duration of follow-up were 
included as exposure variables in the models.

There were no missing values in this study because all vari-
ables were ascertained by identifying claims in the national 
health insurance database and laboratory data or health-related 
risk factors were not included. A 2-sided P value of <0.05 was 
considered significant. Statistical analyses were conducted 
using SAS version 9.3 (SAS Institute, Cary, NC) and R version 
3.5.3 (The R Foundation, www.R-project.org).

Sensitivity Analyses
First, we performed subgroup analyses for the primary out-
come stratified by age (<65, 65–74, or ≥75 years), sex, isch-
emic stroke, intracranial hemorrhage, CHA2DS2-VASc score, 
HAS-BLED score, Hospital Frailty Risk Score, and DOAC 
dosing by refitting separate propensity score weighted mod-
els for each subgroup. Second, one-to-one propensity score 
matching (without replacement with a caliper of 0.001) was 

 � Delirium, not induced by alcohol and other psychoactive 
substances (F05)

5.4% 8.6% 0.13 6.4% 6.4% <0.01

  Unspecified fall (W19) 0.1% 0.1% 0.02 0.1% 0.1% <0.01

  Unspecified hematuria (R31) 9.8% 10.8% 0.04 10.2% 10.2% <0.01

 � Other bacterial agents as the cause of diseases classified to 
other chapters (B96)

1.4% 2.1% 0.05 1.6% 1.6% <0.01

 � Other symptoms and signs involving cognitive functions and 
awareness (R41)

2.5% 2.6% 0.01 2.4% 2.4% <0.01

  Other cerebrovascular diseases (I67) 13.0% 12.8% 0.01 13.0% 13.0% <0.01

  Convulsions, not elsewhere classified (R56) 4.2% 4.3% 0.01 4.2% 4.2% <0.01

  Abnormalities of gait and mobility (R26) 3.7% 4.6% 0.05 3.8% 3.8% <0.01

  Somnolence, stupor and coma (R40) 3.1% 4.9% 0.09 3.7% 3.7% <0.01

  Intracranial injury (S06) 13.0% 14.5% 0.04 13.6% 13.6% <0.01

 � Complications of genitourinary prosthetic devices, implants and 
grafts (T83)

0.1% 0.1% 0.03 0.1% 0.1% <0.01

  Other disorders of fluid, electrolyte and acid base balance (E87) 32.8% 42.4% 0.20 36.5% 36.5% <0.01

  Other joint disorders, not elsewhere classified (M25) 13.4% 13.8% 0.01 13.5% 13.5% <0.01

Values are presented as mean±SD or %. AAD indicates antiarrhythmic agent; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; ASD, abso-
lute standardized difference; CCB, calcium channel blocker; COPD, chronic obstructive pulmonary disease; DHP, dihydropyridine; ICD-10, International Classification of 
Diseases, Tenth Revision; and OAC, oral anticoagulant.

*CHA2DS2-VASc = heart failure (1 point), hypertension (1 point), age ≥75 years (2 points), age 65-74 years (1 point), diabetes (1 point), previous stroke/transient 
ischemic attack (2 points), vascular disease (prior myocardial infarction or peripheral artery disease, 1 point) and female sex (1 point).

†Modified (m) HAS-BLED = hypertension, 1 point; >65 years old, 1 point; stroke history, 1 point; bleeding history or predisposition, 1 point; liable international normal-
ized ratio, not assessed; ethanol or drug abuse, 1 point; drug predisposing to bleeding, 1 point.

‡Variables with the top 20 points, each of which contributes ≥2 points are presented in this table. All variables are presented in Table S5.

Table 1.  Continued

Variables

Before weighting After weighting

OAC 
(N=28547)

No OAC 
(N=55088) ASD

OAC 
(N=28547)

No OAC 
(N=55088) ASD
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performed instead of propensity score weighting as an alter-
native method to create target populations in observational 
cohort studies. Third, we performed separate propensity 
weighting analyses in analogy with the on-treatment principle 
by restricting the analysis to patients with access to OACs 
covering 80% of the time at risk.

We assessed residual confounding using two methods. 
First, in our main overlap weighting models, we analyzed three 
falsification end points that are unlikely to be causally affected 
by anticoagulant treatment but might be related to unmeasured 
confounders, including influenza, varicella-zoster (chickenpox 
and shingles), and fall accident (detailed definitions in Table 
S3). Second, we used the method of Lin et al22 to assess 
whether the observed differences in the risk of the primary out-
come could be fully explained by an unmeasured confounder.

RESULTS
This study identified 83 635 frail patients with AF 
(Figure  1). In comparison to patients without frailty 
(n=68 071), frail patients tended to be older and 
female, to have lower income, higher CHA2DS2-VASc 
scores, and more comorbidities, and to take more 
cardiovascular medications (Table S4). Among frail 
patients, other functional intestinal disorders (64.2%), 
other disorders of fluid, electrolyte, acid-base balance 
(39.2%), pneumonia, organism unspecified (38.6%), 
nausea, and vomiting (37.0%) were the 4 most 

frequently diagnosed codes comprising the Hospital 
Frailty Risk Score (Table S2). Characteristics of the 
frail patients according to prevalent or incident AF are 
presented in Table S5.

OAC Versus No OAC
Among frail patients with AF, a total of 20 190 (24.1%) 
patients experienced NACE: 5253 (6.3%) ischemic 
stroke, 7424 (8.9%) major bleeding, and 8142 (9.7%) 
had cardiovascular death (≥2 individual outcomes that 
were observed on the same day were counted separately 
as individual outcomes). During the study period, a total 
of 24 146 adverse clinical event occurred; 3327 of these 
were additional events that occurred after first events 
during the study, which were not included in the primary 
analyses for time to first events.

Table  1 summarizes the characteristics of the frail 
patients according to the use of OAC before and after 
propensity score overlap weighting. OAC users tended 
to be younger and male; to have higher income, higher 
CHA2DS2-VASc scores, and lower Hospital Frailty 
Risk Scores; to take more cardiovascular medications. 
After overlap weighting, the covariates were well bal-
anced with all the standardized differences less than 
0.1 (Table 1 and Table S6). We noted sufficient over-
lap in propensity scores between the weighted cohorts 

Figure 1. Flowchart of study population enrollment and analysis.
Exclusion criteria are as follows: (1) valvular heart disease (diagnosed as mitral stenosis or prosthetic heart valves or with insurance claims for 
valve replacement or valvuloplasty); (2) end-stage renal disease; and (3) concomitant antiplatelet use. AF indicates atrial fibrillation; DOAC, direct 
oral anticoagulant; NHIS, National Health Insurance Service; and OAC, oral anticoagulant.
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(Figure S1). In multivariable logistic regression, the 
factors independently associated with the likelihood 
of undergoing OAC treatment in frail patients with 
AF were younger age, male, high income, and higher 
CHA2DS2-VASc, lower HAS-BLED, and Hospital Frailty 
Risk Scores (Table S7).

The weighted cumulative hazards of NACE, ischemic 
stroke, and cardiovascular death were significantly lower 
in the OAC group than in the no OAC group, whereas 
no significant difference was observed for major bleed-
ing (log-rank P=0.066) (Figure  2). Event numbers, 
incidence rates, and hazard ratios by OAC treatment 
are presented in Table  2. During a mean follow-up of 
15.1±14.2 months, OAC treatment was associated 
with a 22% decreased risk of NACE (95% CI, 18%–
25%), a 9% decreased risk of ischemic stroke (95% CI, 
3%–14%), and a 48% decreased risk of cardiovascu-
lar death (95% CI, 45%–51%), compared with no OAC 

treatment, whereas there were no significant associa-
tions between OAC treatment and bleeding outcomes. 
Restriction of the follow-up duration to 1 year did not 
affect the associations between OAC use and outcomes. 
OAC treatment was associated with a fewer number of 
total clinical events (incidence rate ratio, 0.72 [95% CI, 
0.69–0.75]; P<0.001), compared with no treatment.

DOACs Versus Warfarin
Among 28 547 frail patients with AF undergoing OAC 
treatment, 34.4% received warfarin, 26.3% rivaroxa-
ban, 17.2% apixaban, 16.7% dabigatran, and 5.3% 
edoxaban. Mean follow-up duration of the population 
was 12.3 months, with the edoxaban group having the 
shortest mean follow-up (edoxaban was introduced to 
Korean market in February 2016). Apixaban users have 
the highest average age (77.9 years) and Hospital Frailty 

Figure 2. Weighted cumulative hazards of clinical outcomes for frail patients with atrial fibrillation receiving oral 
anticoagulation (OAC) or not.
NACE indicates net adverse clinical event.
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Risk Scores (13.5 points), whereas warfarin and edoxa-
ban users frequently had chronic kidney disease with 
the prevalences of 16.7% and 15.8% (Table S8). After 
inverse probability of treatment weighting, sufficient 
overlap in individual propensity score distributions was 
observed, suggesting application of the inverse prob-
ability of treatment weighting approach resulted in a 
cohort in which the distribution of variables were compa-
rable between treatment groups (Figure S2). Maximum 
pairwise standardized differences of all covariates were 
less than 0.1 (Table S9 and Figure S3). The weighted 
cumulative hazards of clinical outcomes were shown in 
Figure 3. During the first year of follow-up, the weighted 
event rates for NACE were similar for 4 DOACs; 24.8 
per 100 person-years for edoxaban, 22.6 for rivaroxa-
ban, 21.0 for apixaban, and 19.9 dabigatran, and higher 
for warfarin with 30.4 per 100 person-years. All 4 
DOACs were associated with lower risks of NACE, isch-
emic stroke, major bleeding, and cardiovascular death, 
compared with warfarin use (Table 3). During overall fol-
low-up of the population, the protective associations of 
DOAC use were consistently observed. During the study 
period, a total of 7511 adverse clinical event occurred 
in OAC users. All 4 DOAC cases were associated with 
a fewer number of total events, compared with warfarin 
(Table S10).

Sensitivity Analyses
First, in subgroup analysis, compared with no OAC use, 
OAC treatment was consistently associated with a lower 
risk of NACE across all subgroups stratified according 
to age, sex, history of stroke or intracranial hemorrhage, 
and CHA2DS2-VASc, HAS-BLED, Hospital Frailty Risk 
scores, except for those with CHA2DS2-VASc of 1-2 
or HAS-BLED <3 (Figure S4). Compared with warfarin 

use, all 4 DOACs showed lower risks of NACE across 
all subgroups, except for those with CHA2DS2-VASc 
of 1-2 (Figure S5). Second, one-to-one propensity 
matching produced a pair of patients with or without 
OAC treatment (each of 22 078) and 4 pairs of OAC-
treated patients taking one of 4 DOACs or warfarin. The 
associations of OAC use (compared with no use) and 
DOAC use (compared with warfarin) were consistently 
observed (Tables S11 and S12). Third, the results from 
sensitivity propensity weighting analyses using an on-
treatment approach were consistent with the main find-
ings (Table S13 and S14).

There were no significant differences for any of the 
falsification end points in overlap weighted cohorts of 
OAC-treated and untreated patients (Table S15). An 
unmeasured confounder could explain the observed dif-
ferences in the primary outcome only if the confounder 
was related to a substantially increased risk of the out-
come by ≈2-fold or if there was substantial imbalance in 
its prevalence (Figures S6 and S7).

DISCUSSION
This nationwide population-based cohort study demon-
strated that among frail patients with AF, compared with 
no treatment, OAC treatment was associated with lower 
risks of stroke, cardiovascular death, and NACE, whereas 
bleeding risk was not altered, suggesting a positive net 
clinical benefit. The use of any of 4 individual DOACs, 
compared with warfarin, was associated with lower haz-
ards of developing thrombotic, bleeding, and mortality 
outcomes irrespective of the doses of DOAC.

Definitions of frailty in general populations have 
included age, nutritional status, mobility, social with-
drawal, income, number of prior hospitalizations, and 
cognitive impairment. Many studies demonstrated that 

Table 2.  Outcomes of OAC Treatment Compared With Propensity Overlap Weighted No OAC Treat-
ment (N=83 635)

 

OAC (N=28547) No OAC (N=55088)

Hazard ratio  
(95% CI) P value

Event 
number

Event rate 
per 100 PYs 

Event 
number

Event rate 
per 100 PYs

One-year follow-up

  NACE 4695 23.0 10273 37.0 0.70 (0.66–0.74) <0.001

  Ischemic stroke 1931 7.9 1787 8.5 0.91 (0.85–0.97) 0.006

  Major bleeding 1740 10.6 3796 11.3 1.05 (0.99–1.11) 0.071

  Cardiovascular death 1247 6.4 4941 18.1 0.40 (0.36–0.44) <0.001

Overall follow-up

  NACE 6003 17.7 14187 22.9 0.78 (0.75–0.82) <0.001

  Ischemic stroke 2397 5.2 2856 5.4 0.91 (0.86–0.97) 0.002

  Major bleeding 2223 7.8 5201 7.6 1.02 (0.95–1.10) 0.563

  Cardiovascular death 1673 5.2 6469 10.6 0.52 (0.49–0.55) <0.001

Event rates and hazard ratios were propensity score overlap weighted. NACE indicates net adverse clinical event; OAC, oral anti-
coagulant; and PYs, person-years.
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frail patients with AF are less likely to receive anticoagu-
lation than nonfrail patients despite the fact that there is 
an increasing trend of stroke in frail patients.8,9 Therefore, 
the effectiveness and safety of OAC treatment options 
for frail patients do need to be clarified, especially since 
such patients are commonly encountered in everyday 
clinical practice. Although we did not observe any signifi-
cant increase in the risk of bleeding outcomes, the pro-
tective associations of OAC treatment with lower risks of 
stroke and mortality were consistently observed in frail 
patients with AF, in agreement with a recent study by 
Madhavan et al.9 The risk of NACE (ie, the earliest event 
occurring among stroke, major bleeding, and cardiovas-
cular death) was markedly lower in OAC-treated patients 
than in those untreated, suggesting a positive net clini-
cal benefit. The results from our subgroup analyses sug-
gested that OAC may be considered for frail patients 
with a CHA2DS2-VASc score ≥3, in whom a stronger 
association with a lower risk of NACE was observed.

A recent US cohort study reported that rivaroxaban, but 
not apixaban or dabigatran, was associated with reduced 
stroke/systemic embolism versus warfarin in frail patients 
with AF and no significant difference in bleeding versus 
warfarin.23 In the present study, we expounded on prior 
observations by enrolling a substantially larger number of 
participants and accounting for treatment adherence (by 
restricting analyses to those covered with OAC ≥80% of fol-
low-up time), showing decreased risks of stroke and major 
bleeding in DOAC users, compared with warfarin users. 
The protective associations were consistent regardless of 
DOAC dosing or individual agent and stronger than dem-
onstrated in the nonfrail AF population, suggesting that the 
relative effectiveness and safety of DOACs, compared with 
warfarin, might be more pronounced among frail patients in 
routine clinical practice, which is important given that frail 
patients are under-represented in clinical trial cohorts.12,13 
The present study might provide clinicians with added con-
fidence in prescribing DOACs for the frail AF population. In 

Figure 3. Weighted cumulative hazards of clinical outcomes for frail patients with atrial fibrillation receiving direct oral 
anticoagulants or warfarin.
NACE indicates net adverse clinical event.
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the present study, taking into account possible biases from 
previous OAC use, we enrolled only OAC-naive patients 
with AF. Thus, safety and efficacy of switching from war-
farin to DOAC in frail patients still remain uncertain. Given 
an analysis using routine clinical practice data tends to be 
confounded by the reason to switch,24 a randomized clinical 
trial focusing on the outcomes of OAC switching has been 
initiated (results are expected in 2022).11

Study Limitations
This study has limitations. First, owing to the observa-
tional nature, causal relationships could not be assessed, 
and residual confounding is likely to persist. We used 
propensity score–weighting and one-to-one propensity 
score–matching, resulting in identical groups on 141 
variables, and assessed falsification end points to investi-
gate the presence of confounding by indication. Although 
no evidence of a hidden bias was found, the potential 
remains for unmeasured confounders to have influenced 
the findings. Second, such studies using administrative 
databases may be susceptible to errors arising from cod-
ing inaccuracies. To minimize this, we used definitions 
previously validated for the Korean NHIS cohort.3,16–20 
Third, we did not have access to information on time in 
therapeutic range among warfarin users. Instead, we 
were able to assess treatment adherence among the 
users of DOAC and warfarin, and the results were con-
sistent in subjects covered with OAC ≥80% of the time 
at risk. Nevertheless, our comparisons between DOAC 
and warfarin users should still be interpreted carefully. 

Fourth, we estimated frailty based on the Hospital Frailty 
Risk Score, which was calculated using administrative 
claim data. Potential weaknesses of this approach are 
that frailty among older people with few or no past hos-
pital visits might be missed and coding inaccuracy could 
contribute to measurement error. Conversely, the advan-
tages are that it can be calculated using routine data for 
all patients in hospital and eliminates the inter-operator 
variability and the need to apply a manual score.17 The 
Hospital Frailty Risk Score has been extensively validated 
and has shown fair overlap with the two most commonly 
accepted approaches to define frailty (ie, the Fried Frailty 
phenotype and the Rockwood Frailty Index).17,25,26 Lastly, 
the study enrolled only Asian patients, so it is unknown 
whether the results apply to other populations.

Conclusions
In this propensity score–weighted analysis using a large 
Asian nationwide cohort of frail patients with AF, OAC 
treatment was associated with reduced risks of ischemic 
stroke and cardiovascular death without an increased 
risk of major bleeding, suggesting a positive net clini-
cal benefit, compared with no OAC use. All 4 individual 
DOACs provided lower incidences of stroke, bleeding, 
and mortality, compared with warfarin.
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Table 3.  Outcomes of DOAC Treatment Compared With Inverse Probability Treatment Weighted Warfarin Treatment (N=28 547)

 

Warfarin (N=9808) Dabigatran (N=4792) Apixaban (N=4917) Rivaroxaban (N=7519) Edoxaban (N=1511)*

Event 
N

Rate/100  
PYs

HR  
(95% CI)

Event 
N

Rate/100  
PYs

HR  
(95% CI)

Event 
N

Rate/100  
PYs

HR  
(95% CI)

Event 
N

Rate/100  
PYs

HR  
(95% CI)

Event 
N

Rate/100  
PYs

HR  
(95% CI)

One-year follow-up

  NACE 2355 30.4 1 
(ref)

600 19.9 0.63 
(0.60–0.65)

600 21.0 0.64 
(0.62–0.67)

1043 22.6 0.71 
(0.68–0.74)

97 24.8 0.62 
(0.58–0.65)

 � Ischemic 
stroke

945 12.2 268 8.6 0.67 
(0.63–0.71)

265 9.4 0.70 
(0.65–0.75)

408 9.3 0.72 
(0.68–0.77)

45 12.4 0.71 
(0.66–0.77)

 � Major 
bleed-
ing

841 11.0 231 7.4 0.67 
(0.63–0.72)

214 7.7 0.62 
(0.58–0.67)

419 8.7 0.76 
(0.71–0.81)

35 7.9 0.53 
(0.49–0.58)

 � Cardio-
vascular 
death

684 8.7 131 4.5 0.51 
(0.47–0.55)

149 5.2 0.57 
(0.52–0.62)

260 5.5 0.62 
(0.57–0.67)

23 5.8 0.57 
(0.51–0.63)

Overall follow-up

  NACE 3374 21.8 1 
(ref)

698 17.9 0.64 
(0.62–0.66)

643 19.9 0.64 
(0.62–0.67)

1191 20.8 0.72 
(0.70–0.75)

… … …

 � Ischemic 
stroke

1280 8.3 315 7.8 0.71 
(0.67–0.75)

283 8.9 0.72 
(0.68–0.77)

474 8.7 0.77 
(0.73–0.81)

… … …

 � Major 
bleed-
ing

1208 7.9 269 7.0 0.69 
(0.65–0.73)

230 7.0 0.63 
(0.59–0.67)

481 8.1 0.78 
(0.73–0.82)

… … …

 � Cardio-
vascular 
death

1056 6.7 148 4.0 0.48 
(0.45–0.52)

159 4.9 0.55 
(0.51–0.59)

287 5.0 0.59 
(0.55–0.63)

… … …

Event rates and hazard ratios were inverse probability of treatment weighted. DOAC indicates direct oral anticoagulant; HR, hazard ratio; NACE, net adverse clinical event; and PYs, person-years.
*Outcome analyses were performed with restriction of the follow-up period to 1 y because of the short follow-up duration in the edoxaban group.
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