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ABSTRACT

BACKGROUND: Oral anticoagulants (OAC) are underutilized in older patients with atrial fibrillation,
despite proven clinical benefits. Our objective was to investigate baseline characteristics, treatment pat-
terns, and impact of anticoagulation upon clinical outcomes with respect to age.

METHODS: Adults with newly diagnosed atrial fibrillation were recruited into the prospective observational
registry, GARFIELD-AF, and followed up for 24 months. Adjusted hazard ratios (HR) were obtained via
Cox proportional-hazards models with applied weights, to quantify the association of age with clinical out-
comes. Comparative effectiveness of OAC vs No OAC and non-vitamin K oral anticoagulants (NOAC) vs
vitamin K antagonists (VKA) were assessed using a propensity score with an overlap weighting scheme.
RESULTS: Of 52,018 patients, 32.6% were 65-74 years of age, 29.3% were 75-84 years, and 7.9% were
>85 years. OAC treatment was associated with a numerical reduction in all-cause mortality among those
aged 65-74 years (HR; 95% confidence interval) (0.86; 0.69-1.06) and aged 75-84 years (0.89; 0.75-1.05) and
a significant reduction in patients >85 years (0.77; 0.63-0.95) vs no OAC. Similarly, OACs were associated
with a decrease in stroke: 65-74 (0.51; 0.35-0.76) and >85 years (0.58; 0.34-0.99) and a numerical decrease
in 75-84 years (0.84; 0.59-1.18). No increase in major bleeding was observed in patients aged >85 treated
with OACs. Compared with VKA, NOACs were associated with a significant reduction in all-cause mortality
in patients aged <65 and 65-74, with numerical reductions in those aged 75-84 and >85 years.
CONCLUSIONS: Older patients using OACs saw lower all-cause mortality and stroke risk; NOACs had less
mortality and major bleeding compared with VKAs.
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INTRODUCTION

Atrial fibrillation is the most common sustained arrhythmia
encountered in adults; it is often a marker for underlying
heart and vascular disease. However, atrial fibrillation itself
contributes to adverse outcomes by increasing the risk of
stroke, diminishing cardiac performance, and exposing
symptomatic patients to therapies

that also have risks, such as anti-

arrhythmic
ablation.’
Older age is a major risk factor ¢ Oral
for developing atrial fibrillation and i
its sequelae such as stroke or sys-
temic embolism, heart failure,2 285 years.

acute coronary syndrome,’ and an
increased risk of death.” The
reported prevalence of atrial fibril-
lation is at least 10% among those
older than age 80 years.” For those
aged 75-79, the cumulative inci-

tions.

lowing the onset of atrial
fibrillation is about 40%. The 5-
year mortality incidence increases
to 84% in those 90 years of age or

anticoagulants

e QAC treatment in this patient group
showed mortality and stroke reduc-

e No increase in major bleeding was
observed in anticoagulated >85 patients
compared with <85 years of age.

dence of mortality over 5 years fol- e With OACs, patients aged >85 years

benefitted from lower mortality and

stroke, with no increase in major
bleeding in comparison with no OAC.

between March 2010 and August 2016 (cohorts 1-5). A
subset of patients enrolled from April 2013 to August
2016 (cohorts 3-5), coinciding with the growing availabil-
ity of non-vitamin K oral anticoagulants (NOACs), was
considered eligible for inclusion in the analysis on com-
parative effectiveness for different anticoagulation strate-
gies. Patients with a CHA,DS,-VASc (Congestive heart

failure/left ventricular ejection

medications N CLINICAL SIGNIFICANCE fraction <40%, Hypertension, Age

(=75 years), Diabetes mellitus,
Stroke/transient ischemic attack/
thromboembolism history, Vascu-
lar disease, Age (65-74 years),
female sex) <2 (excluding sex) or
with vitamin K antagonist (VKA)
use prior to enrollment were
excluded from this latter analysis.
Data were extracted from the study
database in June 2019.

(OACs) are
patients aged

Ethics

The study was approved by inde-
pendent ethics committees and each
relevant locality and hospital-based

older. The 3 leading causes of death
are heart failure, stroke, and gastro-
intestinal bleeding.®

During the 30-year span from 1990 through 2019, the
estimated prevalence of atrial fibrillation doubled globally
to 59.7 million.” In a Danish cohort study of 146,377 atrial
fibrillation patients, the median age was 74 years.® In the
Framingham Heart study, the lifetime risk of atrial fibrilla-
tion was 1 in 3 in individuals with at least one cardiovascu-
lar risk factor.’

The present study investigates patient characteristics,
clinical outcomes, anticoagulation use and dose, and their
effect on clinical outcomes in the old (75-84 years) and
very old (=85 years) with atrial fibrillation who were
enrolled in the Global Anticoagulant Registry in the
Field—Atrial Fibrillation (GARFIELD-AF).

METHODS

Study Design and Participants

In GARFIELD-AF, the major inclusion criteria were atrial
fibrillation diagnosed within 6 weeks prior to enrollment,
at least one risk factor (determined by the investigator) for
stroke, and age >18 years.'’ Investigator sites were
selected randomly and represented the different care set-
tings in each participating country. Patients were enrolled
prospectively and consecutively into 5 separate cohorts
and followed for 24 months. The main analysis was con-
ducted in patients enrolled at 1318 sites in 35 countries

institutional review board. The reg-

istry was conducted in accordance

with the principles of the Declara-

tion of Helsinki, local regulatory
requirements, and the International Conference on Harmo-
nization—Good Pharmacoepidemiological and Clinical
Practice guidelines. Written informed consent was obtained
from all participants.

Definitions and Outcomes
Patients were stratified by age into 4 groups: <65 years, 65-
74 years, 75-84 years, and >85 years.

Clinical endpoints included all-cause, cardiovascular,
and non-cardiovascular mortality, non-hemorrhagic stroke/
systemic embolism, major bleeding, acute coronary syn-
drome, and heart failure at 2-year follow-up.

Statistical Analysis

Baseline characteristics and cardiovascular outcomes were
analyzed in the full cohort of GARFIELD-AF patients,
according to age group. Continuous baseline variables were
expressed as mean (4 standard deviation) or median (inter-
quartile range), and categorical variables as frequency and
percentage. Occurrence of clinical outcomes was described
using the number of events, event rate per 100 person-years,
and 95% confidence intervals (CI). Person-year rates were
estimated using a Poisson model. Only the first occurrence
of each event was considered.
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Comparative analyses were performed in patients who
had a CHA,DS,-VASc >2 for males, >3 for females, No
prior history of VKA treatment prior to enrollment, and
with available baseline treatment and follow-up informa-
tion. Outcomes for mortality, stroke, bleeding, acute coro-
nary syndrome, and heart failure for 2 years in patients
aged 65- 74, 75-84, and >85 years vs younger patients
(<65 years) were evaluated using unadjusted and adjusted
Cox proportional hazards models. Hazard ratios are pre-
sented with their corresponding 95% Cls. The ROBINS-I
(Risk Of Bias In Non-randomized Studies — of Interven-
tions) tool was applied to assess the risk of bias."’

Hazard ratios for oral anticoagulants (OAC) vs no OAC
use and for NOAC vs VKA were obtained using a Cox pro-
portional hazards model with a propensity method of over-
lap weighting to balance covariates.'” Covariates
evaluated in the weighting scheme included demographic
factors, medical history, and other characteristics (Supple-
mentary Figure). Treatment was defined as the first treat-
ment received at the time of enrollment, approximating
“intention-to-treat.” The risk of stroke was investigator-
defined and not specified. Bleeding risk was defined based
on the ISTH (International Society for Thrombosis and
Hemostasis) criteria. Treatments were compared within
subsets of age categories across the cohorts, in this post
hoc analysis. Patients with missing values were not
removed from the study. Multiple imputation was applied
in the comparative effectiveness analyses, combining

GARFIELD-AF
cohorts 1to 5
(N =52,057)

results from 5 imputed datasets. Data analysis was carried
out under the auspices of the Thrombosis Research Insti-
tute using SAS Enterprise Guide 8.3. (SAS Institute Inc.,
Cary, NC).

RESULTS

Baseline Demographics

A total of 52,018 newly diagnosed atrial fibrillation partici-
pants were enrolled in GARFIELD-AF, most within 2
weeks of the diagnosis of atrial fibrillation. Of these,
15,691 (30.2%) were aged <65 years, 16,946 (32.6%) were
65-74 years, 15,252 (29.3%) were 75-84 years, and 4129
(7.9%) were >85 years of age at the time of enrollment
(Figure 1). All qualifying patients with available follow-up
were used to describe baseline characteristics and major
cardiovascular outcomes. This constituted the main analy-
sis. We also performed a further selection, to enable appro-
priate treatment comparisons across age groups. A total of
25,538/52,018 who were eligible for OACs qualified for the
treatment comparison analysis. Among the patients eligible
for OACs, 18,373/25,538 received OACs, while 7165/
25,538 did not receive OAC (Figure 1).

Baseline characteristics stratified by age are provided in
the Table. Patients <75 years of age were more often male
(<65 years: 68.2%, 65-74 years: 56.3%), and those
>75 years were more often female (75-84 years: 52.9%,
>85 years: 61.2%). The proportion of Caucasians increased

Excluded:

Study population 1
(N =52,018)

Main analysis

+ Unavailable follow-up information (N = 39)

Excluded:
* GARFIELD-AF cohorts 1 and 2 (N = 17,139)

y

Study population 2
(N = 25,538)

Treatment comparison

N

» + CHA,DS,-VASc score <2 (N = 7710)
*  Prior VKA use (N = 1329)
+ Unavailable baseline treatment information (N = 302)

OAC No OAC
(N =18,373) (N=7165)
NOAC VKA

(N =9772) (N = 8601)

Figure 1 Flowchart for the selection of the study population.
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Table Baseline Characteristics by Age Group (N = 52,018)

Variable Age Group, Years
Age <65 Age 65-74 Age 75-84 Age >85
(n=15,691) (n=16,946) (n=15,252) (n=4129)
Sex, n (%)
Male 10,698 (68.2) 9544 (56.3) 7187 (47.1) 1602 (38.8)
Female 4993 (31.8) 7402 (43.7) 8065 (52.9) 2526 (61.2)

Age, median (Q1; Q3), years

58.0 (52.0; 62.0)

70.0 (67.0; 72.0)

79.0 (77.0; 81.0)

87.0 (86.0; 89.0)

Ethnicity, n (%)

Caucasian 8818 (57.2) 10,442 (63.0) 9943 (67.3) 2794 (69.9)
Hispanic/Latino 918 (6.0) 1091 (6.6) 1099 (7.4) 285 (7.1)
Asian 5198 (33.7) 4710 (28.4) 3501 (23.7) 867 (21.7)
Afro-Caribbean/Mixed/Other 472 (3.1) 321 (1.9) 227 (1.5) 51 (1.3)
Body mass index, median (Q1; Q3), kg/m? 27.7 (24.6; 32.0) 27.1(24.2; 31.0) 26.3 (23.5; 29.7) 24.8 (22.2; 27.9)
Body mass index group, kg/m?, n (%)
<18.5 127 (1.0) 195 (1.5) 273 (2.3) 172 (5.7)
18.5-24.9 3488 (27.6) 4010 (30.3) 4196 (36.0) 1404 (46.2)
25.0-29.9 4584 (36.3) 4992 (37.7) 4454 (38.2) 1014 (33.3)
>30.0 4437 (35.1) 4049 (30.6) 2729 (23.4) 451 (14.8)
Systolic blood pressure, 130.0 (120.0; 142.0) 131.0(120.0; 145.0) 133.0 (120.0; 145.0) 132.0 (120.0; 145.0)

median (Q1; Q3), mm Hg
Diastolic blood pressure,

median (Q1; Q3), mm Hg
Pulse, median (Q1; Q3), beats per minute
Type of atrial fibrillation, n (%)

80.0 (72.0; 90.0) 80.0 (70.0; 88.0) 80.0 (70.0; 85.0)  78.0 (69.5; 84.0)

85.0 (72.0; 108.0)  84.0(70.0; 105.0)  83.0(70.0; 102.0)  84.0 (70.0; 104.0)

Permanent 1430 (9.1) 2076 (12.3) 2371 (15.5) 753 (18.2)
Persistent 2396 (15.3) 2616 (15.4) 2175 (14.3) 566 (13.7)
Paroxysmal 4683 (29.9) 4734 (27.9) 3878 (25.4) 1009 (24.4)
New onset (unclassified) 7179 (45.8) 7518 (44.4) 6827 (44.8) 1801 (43.6)
Care setting specialty at diagnosis, n (%)
Internal Medicine/Neurology/Geriatrics 2760 (17.6) 3384 (20.0) 3308 (21.7) 991 (24.0)
Cardiology 11,215 (71.5) 11,141 (65.8) 9452 (62.0) 2365 (57.3)
Primary care/general practice 1713 (10.9) 2419 (14.3) 2491 (16.3) 773 (18.7)
Care setting location at diagnosis, n (%)
Hospital 10,149 (64.7) 9722 (57.4) 8405 (55.1) 2059 (49.9)
Office/Anticoagulation clinic/thrombosis 3720 (23.7) 5361 (31.6) 5242 (34.4) 1595 (38.6)
center
Emergency department 1818 (11.6) 1861 (11.0) 1604 (10.5) 475 (11.5)
Medical history, n (%)
Heart failure 3612 (23.0) 3566 (21.0) 3397 (22.3) 1164 (28.2)
Acute coronary syndromes 1334 (8.5) 1846 (10.9) 1848 (12.2) 505 (12.3)
Vascular disease 3164 (20.3) 4305 (25.6) 4239 (28.0) 1107 (27.0)
Carotid occlusive disease 232 (1.5) 464 (2.8) 646 (4.3) 196 (4.8)
Pulmonary embolism/deep vein thrombosis 253 (1.6) 453 (2.7) 496 (3.3) 153 (3.7)
Prior stroke/TIA/SE 1135 (7.3) 1838 (10.9) 2165 (14.3) 701 (17.1)
Prior bleeding 273 (1.7) 411 (2.4) 448 (2.9) 183 (4.5)
Hypertension 11,008 (70.5) 13,216 (78.2) 12,134 (79.7) 3246 (78.7)
Hypercholesterolemia 5767 (38.3) 7303 (44.5) 6377 (42.9) 1508 (37.5)
Diabetes 3205 (20.4) 4190 (24.7) 3385 (22.2) 762 (18.5)
Cirrhosis 100 (0.6) 117 (0.7) 65 (0.4) 11 (0.3)
Moderate to severe CKD 611 (4.0) 1315 (8.0) 2389 (16.2) 1039 (26.2)
Dementia 23(0.1) 111 (0.7) 346 (2.3) 284 (6.9)
Heavy alcohol consumption, n (%) 562 (4.1) 317 (2.2) 132 (1.0) 17 (0.5)
Current smoker, n (%) 2958 (20.4) 1512 (9.8) 659 (4.8) 73 (2.0)
Treatment at baseline, n (%)
NOAC + AP 3609 (23.3) 4868 (29.1) 4399 (29.3) 1236 (30.2)
VKA & AP 5429 (35.1) 6906 (41.3) 6409 (42.7) 1439 (35.2)
AP only 3876 (25.1) 3252 (19.5) 2722 (18.1) 911 (22.3)
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Table (Continued)

Variable Age Group, Years
Age <65 Age 65-74 Age 75-84 Age >85
(n=15,691) (n = 16,946) (n=15,252) (n = 4129)
None 2549 (16.5) 1688 (10.1) 1496 (10.0) 507 (12.4)
Antiplatelet treatment, n (%) 5854 (37.9) 5833 (34.9) 5015 (33.4) 1401 (34.2)
CHA,DS,-VASc score, mean =+ SD 1.8+ 1.2 3.2+1.2 4.4+1.3 45+1.3
HAS-BLED score, mean & SD* 0.6 +0.7 1.7+ 0.7 1.8+ 0.8 1.94+0.8

AP = antiplatelet; CHA,DS,-VASc = Congestive heart failure/left ventricular ejection fraction <40%, Hypertension, Age >75 y, Diabetes mellitus, Stroke/
transient ischemic attack/thromboembolism history, Vascular disease, Age 65-74 y, female sex; CKD = chronic kidney disease; HAS-BLED = Hypertension,
Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normalized ratio [INR], Elderly (age >65 years), Drugs/alco-
hol concomitantly; NOAC = non-vitamin K oral anticoagulant; SE = systemic embolism; TIA = transient ischemic attack; VKA = vitamin K antagonist.

*The risk factor ‘Labile INRs’ is not included in the HAS-BLED score as it is not collected at baseline. As a result, the maximum HAS-BLED score at base-

line is 8 points (not 9)

with increasing age. In contrast, the proportion of Asians
decreased with increasing age.

Median body mass index decreased with age. Of those
<65 years of age, 35% had a body mass index of >30 kg/
m?, compared with 15% of those at least 85 years of age.

New-onset (unclassified) atrial fibrillation was the most
common form of atrial fibrillation in all age groups. How-
ever, permanent atrial fibrillation increased with age, from
9.1% in the <65 to 18.2% in the >85 group, and paroxys-
mal atrial fibrillation decreased from 29.9% to 24.4%,
respectively.

Common medical comorbidities in all 4 age groups
were: hypertension, hypercholesterolemia, heart failure,
vascular disease, and diabetes. Chronic kidney disease,
prior stroke, and major bleeding were also common in those
aged >85 years. Incidence of pulmonary embolism and
deep vein thrombosis was low (1.6%-3.7%) across the age
groups.

The mean + SD CHA,DS,-VASc scores increased with
age: <65 years: 1.8 & 1.2, 65-74 years: 3.2 £ 1.2, 75-84
years: 4.4 £ 1.3, and >85 years: 4.5 £ 1.3. Similarly, the
mean HAS-BLED (Hypertension, Abnormal renal/liver
function, Stroke, Bleeding history or predisposition, Labile
international normalized ratio, Elderly (age >65 years),
Drugs/alcohol concomitantly) score increased with age:
<65 years: 0.6 & 0.7, 65-74 years: 1.7 & 0.7, 75-84 years:
1.8 £ 0.8, and >85 years: 1.9 + 0.8.

Oral Anticoagulation Treatment

Among the 40,416 patients eligible for anticoagulation (ie,
CHA,DS,-VASc score of at least 2, excluding female sex as a
risk factor) 33,890 (84%) were >65 years. Anticoagulation
use was less frequently prescribed in patients aged <65 and
>85, compared with patients between 65 and 84 years of age.
Those <65 had the highest use of antiplatelet agents alone
(26.2%) and the lowest rate of receiving neither anticoagulant
nor antiplatelet agents (8.5%) (Figure 2A). The use of anticoa-
gulants overall and antiplatelet agents changed little across
age groups within the subgroup of 25,538 patients enrolled
during the era of NOAC therapy (Figure 2B).

In the treatment comparison group, 18,373/25,538
received anticoagulation at baseline (9772 NOACs and 8601
VKAs) (Figure 1). The proportion of non-anticoagulated
patients was higher among very old (>85; 32%) and young
(<65; 34%) patients, with a lower proportion observed
among patients 65-74 and 75-84 groups (26%). VKA

(a) CHA,DS,-VASc 22 (excl. gender)

100
I No treatment
=3 AP only
[0 NOAC = AP

N VKA + AP
80

60

40

Treatment distribution (%)

20

o

Age <65 Age 65-74
(N = 6526) (N = 15046)

Age 75-84 Age 285
(N =14812) (N =4032)

(b) Treatment comparison population

100 4
I No treatment
== AP only
[ NOAC + AP

[ VKA + AP
80 o

60

40 4

Treatment distribution (%)

20 4

o

Age <65 Age 65-74
(N = 4158) (N =9533)

Age 75-84 Age 285

(N=9202) (N = 2645)

Figure 2 Baseline treatment distribution by age group
in (A) all patients with available CHA,DS,-VASc
(Congestive heart failure/left ventricular ejection frac-
tion <40%, Hypertension, Age >75 y, Diabetes mellitus,
Stroke/transient ischemic attack/thromboembolism his-
tory, Vascular disease, Age 65-74 y, female sex) score
>2 (excl. gender) (n = 40,416) and (B) the subset of
patients eligible for the OAC analysis (n = 25,538).
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Figure 3 Adjusted* hazard ratios for selected outcomes through 2 years of follow-up
by age group (ref.: age <65 years).

*Hazard ratios adjusted by sex, ethnicity, type of AF, heart failure, vascular disease,
hypertension, prior stroke/TIA/SE, prior bleeding, diabetes, moderate-to-severe CKD,
and baseline anticoagulation. AF = atrial fibrillation; CKD = chronic kidney disease;
SE = systemic embolism, TIA = transient ischemic attack.

treatment was less common among the >85 years group
(28%) compared with younger age groups (35.3% for
<65 years, 34.5% for 65-74 years, and 33.8% for 75-84 years,
respectively) (Figure 2B).

Major Adverse Clinical Outcomes

Major adverse clinical outcomes within 24 months of fol-
low-up are presented for all 4 age strata in the Supplemen-
tary Table 1 (N = 52,018). Compared with patients
<65 years (the reference group), the hazard ratios (HR) for
all-cause, cardiovascular, and non-cardiovascular mortality,
non-hemorrhagic stroke or systemic embolism, major
bleeding, myocardial infarction/acute coronary syndrome,
and new or worsening heart failure increased as the age
stratum increased (Figure 3).

Impact of Anticoagulation Therapy on
Outcomes at 24 Months

The number of events and the event rate for the 25,538
patients in the treatment comparison set are reported in Sup-
plementary Table 2.

In patients aged >85 years, we observed a decreased risk of
all-cause mortality (HR 0.77; 95% CI, 0.63-0.95) and non-hem-
orrhagic stroke/systemic embolism (SE; HR 0.58; 95% CI,
0.34-0.99) with OACs, with no evidence of an increased risk in
major bleeding (HR 0.97; 95% CI, 0.56-1.68). In patients of all
age groups combined, we observed a reduction in all-cause
mortality (HR 0.82; 95% CI, 0.74-0.91), non-hemorrhagic
stroke/SE (HR 0.69; 95% CI, 0.56-0.86), and an increase in
major bleeding (HR 1.40; 95% CI, 1.11-1.78) compared with
those who did not receive OACs (Figure 4A).

The occurrence of clinical outcomes for the 18,373
patients receiving either NOACs or VKAs is reported in
Supplementary Table 3. Among patients aged >85 years
who were anticoagulated, those receiving NOACs had a
numerically lower risk of all-cause mortality and major
bleeding, although the estimates were not statistically sig-
nificant. In all age groups combined, NOACs were associ-
ated with a reduction in all-cause mortality (HR 0.79;
95% CI, 0.70-0.90) and major bleeding (HR 0.77; 95%
CI, 0.61-0.98) compared with those receiving VKAs
(Figure 4B).

There was no significant interaction between baseline
treatment and age group (Supplementary Table 4). The
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Figure 4 Adjusted* hazard ratios of (A) OAC vs No OAC (ref.) and (B) NOAC vs VKA (ref.) for selected out-
comes at 2 years of follow-up by treatment at baseline within age groups.

*Obtained using an overlap-weighted Cox model. Variables included in the weighting scheme are: country and
cohort enrollment, sex, age, ethnicity, type of atrial fibrillation, care setting specialty and location, congestive heart
failure, acute coronary syndromes, vascular disease, carotid occlusive disease, prior stroke/TIA/SE, prior bleeding,
VTE, hypertension, hypercholesterolemia, diabetes, cirrhosis, moderate to severe CKD, dementia, hyperthyroidism,
hypothyroidism, current smoking, heavy alcohol consumption, BMI, heart rate, systolic and diastolic blood pressure

at diagnosis, and baseline antiplatelet use.

BMI = body mass index; CKD = chronic kidney disease; NOAC = non-vitamin K oral anticoagulant; OAC = oral
anticoagulant; SE = systemic embolism; TIA = transient ischemic attack; VTE = venous thromboembolism.

time within the therapeutic range among patients who
received VKA at baseline was: <65 years: 56.5%; 65-74
years: 56.1%; 75-84 years: 56.0%; and >85 years: 55.5%
(data not shown).

When comparing NOAC vs no OAC and VKA vs no
OAC (Supplementary Table 5), the benefits of NOAC were
observed, especially for all-cause mortality in ages
>65 years. These benefits were not evident in patients
receiving VKA.

Distribution of Full-Dose or Low-Dose NOACs

Drug labels, summaries of product characteristics, and
guidelines based on clinical trial results have been estab-
lished for standard dosing and reduced NOAC dosing
(Supplementary Table 6). The distribution of anticoagu-
lant treatment prescribed at baseline in age groups
<85 years and >85 years is reported in Supplementary
Table 7. The proportion of patients treated with apixaban
is higher in patients >85 years compared with younger
patients (43.3% vs 31.5%), while the proportion of dabi-
gatran-treated patients among the >85 years is lower com-
pared with younger patients (13.8% vs 21.7%). The
distribution of NOAC-treated patients receiving standard
vs reduced NOAC dosing is presented in Supplementary
Table 8. As age increased, patients were more likely to
receive a non-recommended low NOAC dose. At
>85 years, 48.9% received non-recommended low dosing
of NOAC, and 45.9% received recommended dosing. In
contrast, among those <65 years, 17.0% received non-

recommended low NOAC dosing, whereas 79.8%
received recommended dosing. In patients receiving non-
recommended high dose of NOAC, there was an overall
trend toward higher bleeding risk. In patients >85 years,
who received a non-recommended high dose, we observed
higher major bleeding rate compared with patients
<85 years who received non-recommended high dose
(HR 7.25;95% CI, 3.02-17.41) vs HR 1.34; 95% CI, 0.64-
2.81) (Supplementary Table 9). No differences in stroke
occurrence were observed, however, for non-recom-
mended low NOAC dose as compared with the recom-
mended dose among either the <85 years or >85 years old
atrial fibrillation patients. We observed a higher propor-
tion of patients on non-recommended NOAC low-dosing
among patients with a HAS-BLED score of 4 or higher
compared with patients with HAS-BLED score of 0 or 1
(38.0% vs 26.7%, respectively; Supplementary Table 10).

Finally, we examined the factors associated with with-
holding of OACs in the very old (>85 years). The main
patient-related risk factors associated with an increased
likelihood of not receiving OAC among older patients
were: non-white ethnicity, history of bleeding, vascular dis-
ease, and dementia. Enrollment in an early GARFIELD-AF
cohort (ie, atrial fibrillation diagnosis occurred in early
2010s) and a non-cardiology care setting at atrial fibrillation
diagnosis were also associated with increasing likelihood of
not receiving OAC. When compared with patients aged
<85, no significant differences were observed in the factors
associated with withholding OAC (Supplementary Tables
11-14).
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DISCUSSION

In this large observational study, OACs showed reduction
in the risk of death and stroke in atrial fibrillation patients
aged >65 years, with no evidence of increase in the risk of
bleeding. This finding underscores that OACs appear safe
in old and very old atrial fibrillation patients who would
normally not receive appropriate dosing due to concerns of
frailty and bleeding risk.

American atrial fibrillation guidelines'” do not recom-
mend utilizing a specific bleeding risk score. European
atrial fibrillation guidelines recommend using the HAS-
BLED score,' and the National Institute for Health and
Care Excellence (NICE) guidelines prefer the Outcomes
Registry for Better Informed Treatment of Atrial Fibrilla-
tion (ORBIT) bleeding risk score.'” All sets of guidelines
emphasize that a high bleeding risk score should not dis-
courage the use of OAC.° Instead, high bleeding risk scores
should be used to identify and change modifiable risk fac-
tors for bleeding.

Among patients of >85 years in the PREvention oF
Thromboembolic Events—European Registry (PREFER) in
atrial fibrillation registry, the thromboembolic event rate
was 6.3% per year on no anticoagulant vs 4.3% per year on
anticoagulation. The risk of stroke increased with age more
than the risk of bleeding, and the absolute benefit of antico-
agulation was highest in the patients >85 years.'®

Despite these findings, it is likely that some health care
providers continue to remain hesitant to prescribe anticoa-
gulation to patients aged >75 due to frailty, falling history,
or comorbidities such as chronic kidney disease. To obviate
this dilemma, one approach is to prescribe an ultra-low
dose of anticoagulant, such as a daily dose of 15 mg of
edoxaban (25% of the standard dose). In a Japanese pla-
cebo-controlled trial of patients aged >80 years, the annual-
ized rate of stroke or systemic embolism was 2.3% in the
edoxaban 15 mg group vs 6.7% in the placebo group.'” In
GARFIELD-AF, the highest-risk patients were most likely
to receive non-recommended low dose rather than recom-
mended dose of NOACs.'® However, this approach war-
rants further study before it can be recommended.

In this study, major bleeding event rates were similar
between the oldest group (>85 years) of patients receiving
NOAC non-recommended low dose and the recommended
dose. However, a high major bleeding rate was observed
among those who received a non-recommended high dose.
These are crude estimates based on low number of events;
interpretation requires caution because of limitations
related to the observational design. Older patients constitute
a high bleeding risk group, which has been traditionally
underrepresented in pivotal clinical trials of NOACS. Previ-
ous studies in patients with high bleeding risk have shown
similar results.'”

Limitations and Strengths
The limitations of this study include underrepresentation of
several races and ethnicities, such as Hispanic and Afro-

Caribbean. Further, as with any observational study, there
may have been confounders that were unrecognized or
under-weighted/over-weighted in multivariable analyses,
such as dosing regimen and patient adherence to prescribed
anticoagulants. In addition, the patient follow-up period was
limited to 2 years. Finally, the available data were limited to
the information in the registry, hence, beyond dementia
which is reported, we were unable to delve further into other
age-associated comorbidities and geriatric syndromes such as
cognitive function, frailty, functional limitations, and falls.
Social determinants of health could have also played a role
in the access to OACs. However, this information was not
recorded in the GARFIELD-AF registry.

This paper also has important strengths. GARFIELD-AF
is the largest international prospective registry in atrial
fibrillation, with extensive quality control, including man-
ual audits of 20% of the raw data.

CONCLUSIONS

This study helps alleviate concerns regarding prescribing
oral anticoagulants for atrial fibrillation patients aged
>75 years. Oral anticoagulants, as prescribed in everyday
practice to this patient group, may reduce all-cause mortal-
ity and stroke with no significant increase in major bleed-
ing, as compared with no anticoagulants. The results from
this study would help inform the physician community in
providing effective anticoagulation to older atrial fibrilla-
tion patients.

ACKNOWLEDGMENTS

We would like to thank the physicians, nurses, and patients
involved in the GARFIELD-AF registry. Programming sup-
port was provided by Uma Maheshwari (Thrombosis
Research Institute, London, UK). Editorial support was pro-
vided by Sidrah Rahman and Herman Sandeep Prakasam
(Thrombosis Research Institute, London, UK).

References

1. Calderon JM, Martinez F, Diaz J, et al. Real-world data of anticoagu-
lant treatment in non-valvular atrial fibrillation. Front Cardiovasc
Med 2022;8:733300.

2. Carlisle MA, Fudim M, DeVore AD, Piccini JP. Heart failure and
atrial fibrillation, like fire and fury. JACC Heart Fail 2019;7(6):447—
56.

3. Capodanno D, Huber K, Mehran R, et al. Management of antithrom-
botic therapy in atrial fibrillation patients undergoing PCI: JACC
state-of-the-art review. J Am Coll Cardiol 2019;74(1):83-99.

4. Piccini JP, Hammill BG, Sinner MF, et al. Clinical course of atrial
fibrillation in older adults: the importance of cardiovascular events
beyond stroke. Eur Heart J 2014;35(4):250-6.

5. Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke sta-
tistics—2021 update: a report from the American Heart Association.
Circulation. 2021;143(8):e254-743.

6. Volgman AS, Nair G, Lyubarova R, et al. Management of atrial fibril-
lation in patients 75 years and older: JACC state-of-the-art review. J
Am Coll Cardiol 2022;79(2):166-79.

7. Roth GA, Mensah GA, CO Johnson, et al. Global burden of cardiovas-
cular diseases and risk factors, 1990—2019: update from the GBD
2019 study. J Am Coll Cardiol 2020;76(25):2982-3021.

Descargado para Eilyn Mora Corrales (emoracl7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 20,
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0001
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0001
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0001
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0002
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0002
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0002
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0003
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0003
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0003
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0004
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0004
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0004
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0005
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0005
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0005
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0006
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0006
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0006
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0007
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0007
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0007

136

The American Journal of Medicine, Vol 137, No 2, February 2024

8. Dai H, Zhang Q, Much AA, et al. Global, regional, and national preva-
lence, incidence, mortality, and risk factors for atrial fibrillation, 1990
—2017: results from the Global Burden of Disease Study 2017. Eur
Heart J Qual Care Clin Outcomes 2021;7(6):574-82.

9. Staerk L, Wang B, Preis SR, et al. Lifetime risk of atrial fibrillation
according to optimal, borderline, or elevated levels of risk factors:
cohort study based on longitudinal data from the Framingham Heart
Study. BMJ 2018;361:k1453.

10. Kakkar AK, Mueller I, Bassand J-P, et al. International longitudinal
registry of patients with atrial fibrillation at risk of stroke: Global Anti-
coagulant Registry in the FIELD (GARFIELD). Am Heart J 2012;163
(1):13-19.el.

11. Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assess-
ing risk of bias in non-randomised studies of interventions. BMJ
2016;355:14919.

12. Rosenbaum PR, Rubin DB. The central role of the propensity score in
observational studies for causal effects. Biometrika 1983;70(1):41-55.

13. Heidenreich PA, Estes NAM, Fonarow GC, et al. 2020 Update to the
2016 ACC/AHA Clinical Performance and Quality Measures for
Adults With Atrial Fibrillation or Atrial Flutter. J Am Coll Cardiol
2021;77(3):326-41.

14. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure: Devel-
oped by the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC)
With the special contribution of the Heart Failure Association (HFA)
of the ESC. Eur Heart J 2021;42(36):3599-726.

15. Perry M, Betty SK, Downes N, Andrews N, Mackenzie S. Atrial fibril-
lation: diagnosis and management—summary of NICE guidance. BMJ
2021;373:n1150.

16. Patti G, Lucerna M, Pecen L, et al. Thromboembolic risk, bleeding
outcomes and effect of different antithrombotic strategies in very
elderly patients with atrial fibrillation: a sub-analysis from the PRE-
FER in AF (PREvention oF Thromboembolic Events—European Reg-
istry in Atrial Fibrillation). J Am Heart Assoc 2017;6(7):e005657.

17. Okumura K, Akao M, Yoshida T, et al. Low-dose edoxaban in very
elderly patients with atrial fibrillation. N Engl J Med 2020;383
(18):1735-45.

18. Camm AJ, Cools F, Virdone S, et al. Mortality in patients with atrial
fibrillation receiving nonrecommended doses of direct oral anticoagu-
lants. J Am Coll Cardiol 2020;76(12):1425-36.

19. Costa F, Valgimigli M, Steg PG, et al. Antithrombotic therapy accord-
ing to baseline bleeding risk in patients with atrial fibrillation undergo-
ing percutaneous coronary intervention: applying the PRECISE-
DAPT score in RE-DUAL PCI. European Heart Journal - Cardiovas-
cular Pharmacotherapy 2022;8(3):216-26.

Funding: This work was supported by the Thrombosis Research Insti-
tute (London, UK).

Conflicts of Interest: SZG has received research support from Bayer,
BMS, Boston Scientific, Janssen, NHLBI, Pfizer. J-PB: reports personal
fees from Thrombosis Research Institute, during the conduct of the study.
AJC has received institutional grants and personal fees from Bayer, Boeh-
ringer Ingelheim, BMS/ Pfizer and Daiichi Sankyo. KP has consultancy
with Johnson & Johnson, Element Science, Artivion, Novartis. FC reports
speaker fees from Boehringer Ingelheim Pharma, Bayer, Pfizer, and Daii-
chi-Sankyo Europe, and a modest research grant from Daiichi-Sankyo
Europe. BG is a member of Data Safety Monitoring Board—Mount Sinai
St Luke’s, Boston Scientific Corporation, Teva Pharmaceutical Industries,
St Jude Medical, Janssen Research & Development, TRI, Duke Clinical
Research Institute, Duke University, Kowa Research Institute, Cardiovas-
cular Research Foundation, and Medtronic and consults for Janssen Scien-
tific Affairs, Xenon Pharmaceuticals, and Sirtex Medical. SG has received
fee from the American Heart Association and received Steering Commit-
tee fee from Duke University. SH has received personal fees from Bayer,
BMS, Daiichi Sankyo, Pfizer, Sanofi, outside the submitted work. Jan Stef-
fel has received consultant and/or speaker fees from Abbott, Alexion,
Astra-Zeneca, Bayer, Berlin-Chemie, Biosense Webster, Biotronik, Boeh-
ringer-Ingelheim, Boston Scientific, BMS, Daiichi Sankyo, Medscape,
Medtronic, Menarini, Merck/MSD, Organon, Pfizer, Saja, Servier, and
WebMBD. He reports ownership of Swiss EP and CorXL. AP has received
research grants and personal fees from Bayer, Amgen, Astra Zeneca,
Boehringer Ingelheim, BMS/Pfizer, Daiichi-Sankyo. Janina Stepinska has
received research grants from Bayer; personal fees from Amgen, Astra
Zeneca, Bayer, Boehringer Ingelheim, BMS/Pfizer, Novartis, Sanofi, Serv-
ier; expert witness for Boehringer Ingelheim; consultant/advisory board
for Amgen, Boehringer Ingelheim. AGGT reports honoraria from Bayer,
Janssen. FWAV has received grants from Bayer and personal fees from
Bayer, BMS/Pfizer, Daiichi-Sankyo, and Boehringer-Ingelheim. AKK has
received grants from Bayer, Sanofi and Anthos; personal fees from Sanofi,
Bayer and Anthos. The other authors report no conflicts of interest.

Authorship: All authors contributed to data interpretation and critically
reviewed the manuscript. AKK and GK handled funding and supervised
the registry. Clinical Trial Registration: NCT01090362.

SUPPLEMENTARY MATERIAL

Supplementary material associated with this article can be
found in the online version at doi 10.1016/j.amjmed.2023.
10.027.

Descargado para Eilyn Mora Corrales (emoracl7@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 20,
2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0008
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0008
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0008
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0008
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0009
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0009
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0009
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0009
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0010
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0010
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0010
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0010
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0011
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0011
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0011
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0011
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0012
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0012
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0013
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0013
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0013
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0013
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0014
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0014
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0014
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0014
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0014
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0014
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0015
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0015
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0015
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0016
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0016
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0016
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0016
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0016
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0017
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0017
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0017
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0018
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0018
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0018
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0019
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0019
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0019
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0019
http://refhub.elsevier.com/S0002-9343(23)00675-7/sbref0019
https://doi.org/10.1016/j.amjmed.2023.10.027
https://doi.org/10.1016/j.amjmed.2023.10.027

Goldhaber et al

Atrial Fibrillation in Older Patients

136.el

A Countzy

AF Thensy

ypz ol A
Vb Ursesse
Ettmicey
Cate Seling Luzaton
oM
Al Curorry Syndiome
Hypeiculsiolenig
Ao

Fosil sl

Orseles

Frice Dhecing

VIE

Sy Dwod Preessure
Cahert

Price SO TAGE
tastolic Skod Fraseurs
Care Settng Specaty.
Todorate to Sevara CHD
Damenta
Fypalroim
Hypartonion

cimose

e

Hypertinrakism

Haary Neshal Use
Cument smeking
Cangesttve Haat Fakrs

canta Ocouste Dizease

AP Thenspy
Courtry
Eltmay

Care Sellny Localn
“e deedng

el AF
Vassosks rawsse

Et
At Coronery Syrcime
Cahoel
Hypicholssisrclmmy
Oustudic Blcay Pressure
Congevive Heait Falwe
Sysich: oy Prussare
HypeibeEEn
Hypaliorrm

vTE

Sriee StrokaTIUES
cimosk

Diasates

£

Care Sattng Speciay
Dementis

somy Alcshal Uza
Carolis Occuizive Dizoaza
e

sypertyrsidzm
Togerate % Scvere CKD
cument smakng

Hoar Rt

* Fransigntiog
 Fosticiching

0o 01 02 03 0t 0s 08 07 03 08 10

Absoute Standardized Differences.

* Pra-Wekhting
® EoztWakhing

an a1 02 03 0t 05 08 07 on a8 10
Absotte Stardardized Differences

AP Thenspy

Courrry

Sty

Care Sellny Locsln
ype ol AR

Vassoslss rsusse

o

Al Coronery Syricme
Cahorl

Prics Dbty
Cangesive Hsait Fadure
Hypicholesisrclmms
il

Sysich oy Prussare
Privs Stk TIASE
Ousshobie oo Fressure.
cimhosts

o

VTE

Care Seitng 3pecialy
sypattroiizm

soart Rate

saavy Alcshol Uze
Domentia

cument smzkeng
Dtasetes

£

Caralis Occuizive Diseaze
Toderto % Scvsre CKD

syperhyrsiazm

AP Thensyy
Courtsy
Pioe Gheedng
Sty
el AR
Ave
e Seling Specaly
am
Cotrort
gt
Hypmiiyaidan
Cate Seling Localin
Vaszouls Cravsse
Oumenlis
Ovssl: Bload Fressure
s sl
Moderate 3o Ssvsre CKD
syparcholsatrclasmia
Sror StrokaTUES
spamiim
Acute Caronary Syrreme
Carolis Occhiztvo Dizaata
Cangezsve Hostt Falure
Olasates
soavy Aicshal Uze
cument smeking
aysilc od Prazeurs.
cimozts
viE

3o

.o
b
.o
.o
o
e
® Frasishing
* Eoztekshing
o 01 02 03 oe o8 26 07 on a8 "
Absolte Stardardized Differences

® Prasiching
® FoztWekhing

on a1 02 [ 0e 05 08 07 o0 a8 10

Absolte Stardardized Differances

Supplementary Figure Balance of variables associated with oral anticoagulation (OAC) treatment (ref.: No OAC) prior to and
after propensity score weighting among patients (A) <65 years; (B) 65-74 years; (C) 75-84 years (D) >85 years. AF = atrial fibril-
lation; AP = antiplatelet; BMI = body mass index; CKD = chronic kidney disease; VTE = venous thromboembolism.
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Supplementary Table 1 Event Rates (per 100 Person-Years), Unadjusted and Adjusted* Hazard Ratios for Selected Outcomes Through 2

Years of Follow-Up By All Age Groups (N =52,018)

Outcomes Events Rate Unadjusted Adjusted
Age Group (95% CI) HR (95% CTI) HR (95% ()
All-cause mortality
<65 459 1.54 (1.40-1.68) 1 (ref.) 1 (ref.)
65-74 895 2.80 (2.62-2.99) 1.82 (1.61-2.07) 1.83 (1.63-2.05)
75-84 1493 5.33 (5.07-5.61) 3.46 (2.89-4.13) 3.26 (2.84-3.74)
>85 861 12.24 (11.45-13.08) 7.89 (6.22-10.00) 6.72 (5.54-8.16)
Cardiovascular mortality
<65 197 0.66 (0.57-0.76) 1 (ref.) 1 (ref.)
65-74 326 1.02 (0.92-1.14) 1.55 (1.23-1.94) 1.47 (1.19-1.82)
75-84 519 1.85 (1.70-2.02) 2.80 (2.02-3.86) 2.36 (1.79-3.11)
>85 278 3.95 (3.51-4.44) 5.89 (3.97-8.75) 4.33 (3.14-5.97)
Non-cardiovascular mortality
<65 142 0.48 (0.40-0.56) 1 (ref.) 1 (ref.)
65-74 334 1.05 (0.94-1.16) 2.20 (1.78-2.72) 2.29 (1.89-2.77)
75-84 598 2.13 (1.97-2.31) 4.48 (3.52-5.71) 4.45 (3.57-5.54)
>85 354 5.03 (4.53-5.58) 10.51 (7.89-14.00) 9.54 (7.12-12.79)
Non-hemorrhagic stroke/SE
<65 167 0.56 (0.48-0.65) 1 (ref.) 1 (ref.)
65-74 294 0.93 (0.83-1.04) 1.65 (1.37-1.98) 1.59 (1.33-1.91)
75-84 366 1.32 (1.19-1.46) 2.33 (1.94-2.80) 2.07 (1.76-2.44)
>85 139 2.00 (1.69-2.36) 3.50 (2.61-4.71) 2.80 (2.18-3.59)
Major bleeding
<65 131 0.44 (0.37-0.52) 1 (ref.) 1 (ref.)
65-74 273 0.86 (0.76-0.97) 1.95 (1.59-2.39) 1.76 (1.44-2.14)
75-84 405 1.46 (1.33-1.61) 3.30 (2.67-4.07) 2.77 (2.26-3.39)
>85 133 1.92 (1.62-2.28) 4.27 (3.17-5.76) 3.45 (2.55-4.67)
MI/ACS
<65 148 0.50 (0.42-0.58) 1 (ref.) 1 (ref.)
65-74 186 0.59 (0.51-0.68) 1.17 (0.93-1.49) 1.11 (0.89-1.38)
75-84 206 0.74 (0.65-0.85) 1.48 (1.17-1.85) 1.31(1.05-1.63)
>85 71 1.01 (0.80-1.28) 1.99 (1.36-2.92) 1.71 (1.18-2.46)
New/worsening heart failure
<65 170 0.57 (0.49-0.67) 1 (ref.) 1 (ref.)
65-74 262 0.83 (0.73-0.93) 1.44 (1.22-1.70) 1.40 (1.20-1.62)
75-84 297 1.07 (0.96-1.20) 1.85 (1.44 (2.38) 1.64 (1.32-2.05)
>85 95 1.37 (1.12-1.67) 2.31 (1.46-3.66) 1.82 (1.23-2.69)

ACS = acute coronary syndrome; AF = atrial fibrillation; CI = confidence interval; CKD = chronic kidney disease; HR = hazard ratio; MI = myocardial infarc-

tion; SE = systemic embolism; TIA = transient ischemic attack.

*Hazard ratio adjusted by sex, ethnicity, type of AF, heart failure, vascular disease, hypertension, prior stroke/TIA/SE, prior bleeding, diabetes, moder-
ate-to-severe CKD and baseline anticoagulation.
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Supplementary Table 2 Event Rates (Per 100 Person-Years) Through 2 Years of Follow-Up By Age Group and Treatment (N = 25,538)

Age Group, Years 0AC (n =18,373) No OAC (n =7165)
Outcome Events Rate (95% CI) Events Rate (95% CI)
Age <65

All-cause mortality 132 2.52 (2.12-2.99) 66 2.42 (1.90-3.07)

Non-hemorrhagic stroke/SE 40 0.77 (0.56-1.05) 17 0.63 (0.39-1.01)

Major bleeding 38 0.73 (0.53-1.00) 11 0.40 (0.22-0.73)
Age 65-74

All-cause mortality 362 2.69 (2.42-2.99) 168 3.58 (3.08-4.16)

Non-hemorrhagic stroke/SE 88 0.66 (0.53-0.81) 55 1.18 (0.91-1.54)

Major bleeding 126 0.94 (0.79-1.12) 28 0.60 (0.41-0.87)
Age 75-84

All-cause mortality 619 4.85 (4.48-5.24) 290 6.72 (5.99-7.54)

Non-hemorrhagic stroke/SE 126 0.99 (0.83-1.18) 66 1.55 (1.22-1.97)

Major bleeding 183 1.45 (1.26-1.68) 41 0.96 (0.71-1.30)
Age >85

All-cause mortality 329 10.36 (9.30-11.54) 214 15.36 (13.43-17.56)

Non-hemorrhagic stroke/SE 47 1.50 (1.12-1.99) 34 2.47 (1.77-3.46)

Major bleeding 60 1.92 (1.49-2.47) 26 1.89 (1.29-2.78)

(I = confidence interval; OAC = oral anticoagulant; SE = systemic embolism.

Supplementary Table 3 Event Rates (Per 100 Person-Years) Through Two Years of Follow-Up By Age Group and OAC Treatment

(N=18,373)
Age Group, Years NOAC (n =9772) VKA (n =8601)
Outcome Events Rate (95% CI) Events Rate (95% CI)
Age <65
All-cause mortality 40 1.63 (1.19-2.22) 92 3.31 (2.70-4.06)
Non-hemorrhagic stroke/SE 14 0.57 (0.34-0.97) 26 0.94 (0.64-1.38)
Major bleeding 15 0.61 (0.37-1.02) 23 0.83 (0.55-1.25)
Age 65-74
All-cause mortality 142 1.95 (1.66-2.30) 220 3.55 (3.11-4.05)
Non-hemorrhagic stroke/SE 41 0.57 (0.42-0.77) 47 0.76 (0.57-1.01)
Major bleeding 50 0.69 (0.52-0.91) 76 1.24 (0.99-1.55)
Age 75-84
All-cause mortality 303 4.32 (3.86-4.83) 316 5.49 (4.92-6.13)
Non-hemorrhagic stroke/SE 64 0.92 (0.72-1.17) 62 1.09 (0.85-1.39)
Major bleeding 86 1.24 (1.00-1.53) 97 1.71 (1.40-2.09)
Age >85
All-cause mortality 184 9.74 (8.43-11.25) 145 11.28 (9.58-13.27)
Non-hemorrhagic stroke/SE 28 1.49 (1.03-2.16) 19 1.50 (0.95-2.34)
Major bleeding 29 1.56 (1.08-2.24) 31 2.46 (1.73-3.50)

CI = confidence interval; NOAC = non-vitamin K oral anticoagulant; SE = systemic embolism; VKA = vitamin K antagonist.
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Supplementary Table 4 P Values for Interaction Between Baseline Treatment and Age Group

Outcome OAC vs No OAC* NOAC vs VKA'
All-cause mortality 1429 .1363
Non-hemorrhagic stroke/SE .1812 .7981
Major bleeding 7611 .5686

0AC = oral anticoagulant; VKA = vitamin K antagonist.

*Models, Figure 4A.
tModels, Figure 4B.

Supplementary Table 5 Adjusted* Hazard Ratios of NOAC vs No OAC (Ref.) and VKA vs No OAC (Ref.) for Selected Outcomes at Two Years

of Follow-Up By Age Group

Age Group, Years NOAC vs No OAC (ref.) VKA vs No 0AC (ref.)
Outcome HR (95% CI) HR (95% CI)
Age <65

All-cause mortality
Non-hemorrhagic stroke/SE
Major bleeding

Age 65-74
All-cause mortality
Non-hemorrhagic stroke/SE
Major bleeding

Age 75-84
All-cause mortality
Non-hemorrhagic stroke/SE
Major bleeding

Age >85
All-cause mortality
Non-hemorrhagic stroke/SE
Major bleeding

All ages
All-cause mortality
Non-hemorrhagic stroke/SE
Major bleeding

0.74 (0.44-1.24)
1.02 (0.44-2.36)
1.57 (0.61-4.08)

0.67 (0.51-0.89)
0.51 (0.31-0.83)
1.00 (0.57-1.73)

0.73 (0.59-0.89)
0.70 (0.46-1.07)
1.12 (0.71-1.76)

0.69 (0.54-0.89)
0.59 (0.32-1.11)
0.97 (0.51-1.86)

0.67 (0.59-0.77)
0.63 (0.48-0.82)
1.03 (0.77-1.37)

1.05 (0.72-1.53)
1.42 (0.68-2.97)
2.00 (0.84-4.77)

0.97 (0.77-1.23)
0.55 (0.35-0.87)
2.10 (1.28-3.47)

1.00 (0.83-1.20)
0.85 (0.56-1.27)
1.90 (1.24-2.91)

0.86 (0.66-1.12)
0.58 (0.29-1.13)
1.06 (0.55-2.06)

0.93 (0.82-1.04)
0.74 (0.57-0.96)
1.79 (1.37-2.34)

CI = confidence interval; CKD = chronic kidney disease; HR = hazard ratio; NOAC = non-vitamin K oral anticoagulant; OAC = oral anticoagulant;

SE = systemic embolism; TIA = transient ischemic attack; VKA = vitamin K antagonist.

*QObtained using an overlap-weighted Cox model. Variables included in the weighting scheme are: country and cohort enrollment, sex, age, ethnicity,
type of atrial fibrillation, care setting specialty and location, congestive heart failure, acute coronary syndromes, vascular disease, carotid occlusive dis-
ease, prior stroke/TIA/SE, prior bleeding, venous thromboembolism, hypertension, hypercholesterolemia, diabetes, cirrhosis, moderate to severe CKD,
dementia, hyperthyroidism, hypothyroidism, current smoking, heavy alcohol consumption, body mass index, heart rate, systolic and diastolic blood

pressure at diagnosis, and baseline antiplatelet use.
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Supplementary Table 6 Description of Criteria Applied for Recommended Dosing According to NOAC and NOAC Guideline

NOAC Prescribed at Baseline Guideline Considered Criteria Applied for Recommended Dosing

Rivaroxaban EMA/FDA ® 20 mg once daily if CKD stage: None, I, II
® 15 mg once daily if CKD stage: III, IV

Japanese ® 15 mg once daily if CKD stage: None, I, II
® 10 mg once daily if CKD stage: III, IV

Apixaban EMA/FDA/Japanese ® 5 mg twice daily if <2 of the following:

o CKD stage: III
o Age >80y
o Weight <60 Kg

® 2.5 mg twice daily if >2 of the following:
o CKD stage: III
o Age >80y
o Weight <60 Kg

orif CKD stage: IV

Dabigatran EMA ® 150 mg twice daily if:

o CKD stage: None, I, IT and
o Age <75y and
o HAS-BLED <2

® 150 or 110 mg twice daily if:
o CKD stage: III or
o 75< age <80 or
o HAS-BLED >2

® 110 mg twice daily if:
o CKD stage: None, I, II, III and
o Age >80y

FDA ® 150 mg twice daily if CKD stage: None, I, II, III
® 75 mg twice daily if CKD stage: IV

Japanese ® 150 or 110 mg twice daily if CKD stage: None, I, IT
® 110 mg twice daily if CKD stage: III

Edoxaban EMA/FDA ® 60 mg once daily if CKD stage: None, I, II
® 30 mg once daily if CKD stage: III, IV

Japanese ® 60 mg once daily if:
o CKD stage: None, I, IT or
o CKD stage: III and weight >60
® 30 mg once daily if:
o CKD stage: III and weight <60
¢ 15 mg once daily if CKD stage: IV

CKD = chronic kidney disease; EMA = European Medicines Agency; FDA = US Food and Drug Administration; HAS-BLED = Hypertension, Abnormal renal/
liver function, Stroke, Bleeding history or predisposition, Labile international normalized ratio, Elderly (age >65 years), Drugs/alcohol concomitantly;
NOAC = non-vitamin K oral anticoagulant; OAC = oral anticoagulant.

Concomitant Antiplatelet (AP) therapy Among OAC-treated patients <85 years old, 3669 (22.1)
Only considering OAC-treated patients who meet the were on concomitant AP therapy.

inclusion criteria for the comparative effectiveness analy- Among OAC-treated patients >85 years old, 288 (16.1)

sis. were on concomitant AP therapy.
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Supplementary Table 7 Distribution of NOAC Treatment by NOAC Prescribed at Baseline and Age Group

NOAC Age <85 Age >85 Overall
Rivaroxaban 3320 (44.1) 350 (38.6) 3670 (43.5)
Apixaban 2372 (31.5) 392 (43.3) 2764 (32.8)
Edoxaban 200 (2.7) 39 (4.3) 239 (2.8)
Dabigatran 1635 (21.7) 125 (13.8) 1760 (20.9)

NOAC = non-vitamin K oral anticoagulant.
For this analysis, only NOAC-treated patients meeting the criteria for the comparative effectiveness analyses were selected, with the additional restric-
tion of available NOAC dosing information. The population for this analysis thus consists of 8433 patients.

Supplementary Table 8 Distribution of NOAC Recommended Dosing by Age Group

Dosing Appropriateness Age Group, Years n (%)
Age <65 Age 65-74 Age 75-84 Age >85
(n = 1046) (n=3174) (n=3087) (n = 865)
Non-recommended low dosing 178 (17.0) 594 (18.7) 962 (31.2) 423 (48.9)
Recommended dosing 835 (79.8) 2483 (78.2) 1980 (64.1) 397 (45.9)
Non-recommended high dosing 33 (3.2) 97 (3.1) 145 (4.7) 45 (5.2)

CKD = chronic kidney disease; NOAC = non-vitamin K oral anticoagulant.

For this analysis, only NOAC-treated patients meeting the criteria for the comparative effectiveness analyses were selected, with the additional restric-
tion of available NOAC dosing information and available criteria to determine recommended dosing (eg, CKD information). The population for this analysis
thus consists of 8172 patients

Supplementary Table 9 Major Bleeding and Non-Hemorrhagic Stroke/SE Event Rates (per 100 Person-Years) at 2 Years Follow-Up for
NOAC-Treated Patients with Available Dosing and CKD Information (N = 8172) by Age Group and NOAC Dosing Appropriateness

Age Group, Years Clinical Outcomes
NOAC Dosing Appropriateness Major Bleeding Non-Hemorrhagic Stroke/SE
Events Rate (95% CI) Events Rate (95% CI)
Age <85
Non-recommended low dosing 24 0.73 (0.49-1.09) 17 0.52 (0.32-0.83)
Recommended dosing 94 0.92 (0.76-1.13) 74 0.73 (0.58-0.91)
Non-recommended high dosing 7 1.34 (0.64-2.81) 6 1.15 (0.52-2.56)
Age >85
Non-recommended low dosing 9 1.20 (0.62-2.30) 10 1.32 (0.71-2.46)
Recommended dosing 10 1.41(0.76-2.63) 8 1.13 (0.56-2.26)
Non-recommended high dosing 5 7.25 (3.02-17.41) 2 2.75 (0.69-11.01)

(I = confidence interval; CKD = chronic kidney disease; NOAC = non-vitamin K oral anticoagulant; SE = systemic embolism.

Supplementary Table 10 Distribution of NOAC Recommended Dosing by HAS-BLED Score

Dosing Appropriateness HAS-BLED Score, n (%)
0-1 2-3 4t
(n=3914) (n=2583) (n=79)
Non-recommended low dosing 1044 (26.7) 674 (26.1) 30 (38.0)
Recommended dosing 2810 (71.8) 1718 (66.5) 37 (46.8)
Non-recommended high dosing 60 (1.5) 191 (7.4) 12 (15.2)

CKD = chronic kidney disease; HAS-BLED = Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international
normalized ratio, Elderly (age >65 years), Drugs/alcohol concomitantly; NOAC = non-vitamin K oral anticoagulant.

For this analysis, only NOAC-treated patients meeting the criteria for the comparative effectiveness analyses were selected, with the additional restric-
tion of available NOAC dosing information and available criteria to determine recommended dosing (eg, CKD information). Patients with unavailable HAS-
BLED score were also excluded. The population for this analysis thus consists of 6576 patients.
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Supplementary Table 11  Factors Associated with Withholding of OAC in Patients at High Risk of Stroke (CHA,DS,-VASc >2 excl. sex) by

Age Group
Variable Age <85 Y Age >85Y
OR (95% CI) Wald Chi-Square OR (95% CI) Wald Chi-
— DF Square — DF

Cohort (ref.: Cohort 1) 438 82
Cohort 2 0.84 (0.78-0.92) 0.68 (0.54-0.87)

Cohort 3 0.64 (0.59-0.69) 0.50 (0.39-0.64)
Cohort 4 0.51 (0.46-0.55) 0.43 (0.33-0.55)
Cohort 5 0.52 (0.48-0.56) 0.36 (0.29-0.46)

Care setting specialty (ref.: Cardiology) 338 76
Internal Medicine/Neurology/Geriatrics 1.28 (1.21-1.36) 1.59 (1.34-1.89)
Primary Care/GP 1.97 (1.83-2.12) 2.36 (1.93-2.90)

Race/Ethnicity (ref.: White) 692 61
Asian 2.17 (2.05-2.30) 1.86 (1.54-2.24)
Hispanic/Latino 1.59 (1.44-1.74) 1.90 (1.47-2.47)
Black/Mixed/Other 1.33(1.13-1.57) 1.45 (1.25-1.69)

History of bleeding 2.68 (2.34-3.06) 210 3.16 (2.31-4.33) 50

Age (1-year increase) 0.98 (0.97-0.99) 66 1.08 (1.05-1.10) 36

Paroxysmal/Unclassified AF (ref.: Permanent/Persistent) 1.71(1.62-1.81) 374 1.45 (1.25-1.69) 23

Vascular disease 1.75 (1.67-1.84) 484 1.41 (1.21-1.64) 18

Moderate to severe CKD 0.90 (0.83-0.97) 7 0.79 (0.67-0.92) 8

Prior stroke/TIA/SE 0.72 (0.67-0.77) 86 0.76 (0.63-0.91) 8

BMI (1 kg/m? increase) 0.99 (0.98-0.99) 40 0.98 (0.96-0.99) 8

Care setting location (ref.: Hospital) 170 7
Emergency department 0.87 (0.81-0.94) 0.86 (0.69-1.08)
Office/AC clinic/Thrombosis center 0.68 (0.64-0.72) 0.80 (0.68-0.94)

Dementia 1.45(1.18-1.77) 12 1.41(1.09-1.83) 6

VTE 0.57 (0.49-0.67) 43 0.72 (0.49-1.04) 2

AC = anticoagulation; AF = atrial fibrillation; BMI = body mass index; CHA,DS,-VASc = Congestive heart failure/left ventricular ejection fraction <40%,
Hypertension, Age >75 vy, Diabetes mellitus, Stroke/transient ischemic attack/thromboembolism history, Vascular disease, Age 65-74 y, female sex;
(I = confidence interval; CKD = chronic kidney disease; DF = degrees of freedom; GP = general practitioner; OAC = oral anticoagulant; OR = odds ratio;

SE = systemic embolism; TIA = transient ischemic attack; VTE = venous thromboembolism.

ORs >1 indicate the variable is associated with an increased likelihood of withholding OAC. ORs <1 indicate the variable is associated with a decreased
likelihood of withholding OAC. Wald Chi-square — DF indicates the relative significance of each variable.

Supplementary Table 12 P Values for Interaction Between OAC Treatment and Selected Demographics/Risk Factors/Risk Score for Non-
Hemorrhagic Stroke/SE and Major Bleeding Within 2-Year Follow-Up Among Patients Age >85

Demographic/Risk Factor/Risk Score

P Value for Interaction
for Non-Hemorrhagic Stroke/SE

P Value for Interaction
for Major Bleeding

Sex

Race/Ethnicity

Type of AF

Heart failure

Diabetes

History of bleeding
Hypertension

Vascular disease
Moderate to severe CKD
Prior stroke/TIA/SE
Obesity (BMI >30 kg/m?)
Current smoking

Heavy alcohol consumption
CHA,DS,-VASc score
HAS-BLED score

.5161
.1978
.3240
.1610
.1622
2977
.3925
1112
2977
4621
1113
1221
.1988
.7084
.1430

.2378
4445
.8362
3181
.0623
.1359
6724
.1250
1754
.1067
1214
.2130
.1580
2216
.8079

AF = atrial fibrillation; BMI = body mass index; CHA,DS,-VASc = Congestive heart failure/left ventricular ejection fraction <40%, Hypertension, Age >75
vy, Diabetes mellitus, Stroke/transient ischemic attack/thromboembolism history, Vascular disease, Age 65-74 y, female sex; CKD = chronic kidney disease;
HAS-BLED = Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normalized ratio, Elderly (age
>65 years), Drugs/alcohol concomitantly; SE = systemic embolism; TIA = transient ischemic attack.
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Supplementary Table 13 Frequency and Proportion of
Patients Who Received Oral Anticoagulation (OAC) at Baseline
Among Patients >85 Years by Country

Country Baseline OAC
n (%)

Argentina 32 (43.8)
Australia 52 (60.5)
Austria 33 (67.4)
Belgium 118 (81.9)
Brazil 33 (48.5)
Canada 89 (65.4)
Chile 67 (76.1)
China 16 (21.6)
Czech Republic 52 (54.2)
Denmark 41 (71.9)
Egypt 7 (100.0)
Finland 15 (68.2)
France 254 (74.1)
Germany 194 (61.0)
Hungary 45 (717.6)
India 16 (31.4)
Ttaly 211 (84.1)
Japan 407 (72.3)
South Korea 29 (46.0)
Mexico 61 (51.3)
Netherlands 83 (90.2)
Norway 14 (100.0)
Poland 67 (61.5)
Russia 32 (57.2)
Singapore 4 (23.5)
South Africa 22 (53.7)
Spain 209 (65.1)
Sweden 67 (71.3)
Switzerland 9 (90.0)
Thailand 35 (47.3)
Turkey 20 (76.9)
Ukraine 4 (30.8)
United Arab Emirates 11 (55.0)
United Kingdom 291 (60.6)
United States 35 (58.3)

Supplementary Table 14 Frequency and Proportion of
Patients Who Received Oral Anticoagulation (OAC) at Baseline
Among Patients Aged >85 Years by Region

Region Baseline 0AC
n (%)
Europe 1759 (68.9)
North America 124 (63.3)
Latin America 193 (55.5)

Asia 507 (60.2)
Other countries 92 (59.7)
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