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Outcomes and Disease Management in 
Patients With Atrial Fibrillation ≥80 Years: 
Data From a Consecutive 11- Year  
Real- World Registry
Mustafa Yildirim , MD; Barbara Ruth Milles , MD; Hauke Hund; Moritz Biener , MD;  
Matthias Müller- Hennessen, MD; Norbert Frey , MD; Hugo A. Katus , MD; Evangelos Giannitsis , MD; 
Christian Salbach , MD

BACKGROUND: As the population ages, atrial fibrillation (AF) prevalence increases, but data on optimal oral anticoagulation 
(OAC) in patients ≥80 years remain limited. This study tested whether direct OACs offer comparable benefits to vitamin K an-
tagonists in patients ≥80 years with AF presenting to the emergency department.

METHODS: This single- center retrospective all- comer study used data from the Heidelberg Registry of Atrial Fibrillation, includ-
ing patients with AF presenting to the emergency department of the University Hospital of Heidelberg from June 2009 until 
March 2020. Data were analyzed by age for outcomes and risk factors for predefined end points.

RESULTS: Patients ≥80 years comprised 32.2% of AF cases. Hazard ratios (HRs) for the primary end point (all- cause mortality, 
stroke, or myocardial infarction) and secondary end point (including major bleeding) were 3.09 (95% CI, 2.73–3.21) and 2.96 
(95% CI, 2.73–3.21) for patients ≥80 years, compared with younger patients. Anticoagulation rates were slightly lower in pa-
tients ≥80 years (67.9% versus 70.5%, P=0.0070). OAC use, particularly the use of direct OACs, increased over time. Patients 
≥80 years without OACs had higher HRs for primary (3.48 [95% CI, 3.07–3.94]) and secondary end points (3.23 [95% CI, 
2.86–3.64]) compared with those with OACs. Vitamin K antagonist use was linked to higher HR for stroke or major bleeding 
events (HR, 1.25 [95% CI, 1.05–1.50]), rising to 1.64 (95% CI, 1.34–2.01) after excluding reduced direct OAC doses.

CONCLUSIONS: Our data highlight patients ≥80 years as an important and vulnerable subpopulation of patients with AF, where 
evidence for optimal OAC therapy remains conflicting.

REGISTRATION: URL: https:// www. clini caltr ials. gov; Unique identifier: NCT05995561.
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Atrial fibrillation (AF) represents the most preva-
lent cardiac arrhythmia and manifests in diverse 
prevalence rates, spanning from 0.1% in individu-

als younger than 55 years to 17.7% in octogenarians.1–5 
Notably, the population aged 80 years and older is 
predicted to triple by 2050, signifying a rapid increase 

compared with patients with AF >65 years.5 AF, often 
asymptomatic, harbors substantial risks, elevating the 
likelihood of stroke, heart failure, renal failure, cogni-
tive decline, and all- cause mortality.6 Its onset and 
severity strongly correlate with age and comorbidi-
ties, significantly augmenting stroke risk by 5- fold.7,8 
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With advancing age, its prevalence escalates steadily, 
reaching 10% to 17% beyond 80 years.3 Conversely 
age emerges as a pivotal risk factor for AF, established 
through extensive studies alongside with arterial hy-
pertension, congestive heart failure, diabetes, coro-
nary artery disease, and valvular heart disease.9,10 An 
age- associated rise in stroke risk is seen across sexes 
and spiking beyond 65 and 80 to 89 years, where AF 
emerges as a predominant contributor to stroke in-
cidence.5,8,11–15 Moreover, age is considered a crucial 
factor in determining CHA2DS2VASc and HASBLED 
scores, indicative for increased thromboembolic and 
bleeding risks, respectively.16 Despite the efficacy and 
safety advantages for stroke prevention of direct oral 
anticoagulants (DOACs) over vitamin K antagonists 
(VKAs) in nonvalvular AF, their utility in octogenari-
ans remains unclear due to their underrepresenta-
tion in pivotal trials.5,6,17–28 There is an ongoing debate 
whether DOACs may not offer as many advantages in 
older patients compared with VKAs, which warrants 
careful evaluation. Given the potential differences 
in outcomes between these anticoagulation strate-
gies in older populations, our study aims to test the 

hypothesis that DOACs do not provide as much ben-
efit as VKA antagonists in patients aged 80 years and 
older. Thus, the objectives of this study are (1) to offer 
a comprehensive overview of prevalence, outcomes, 
and risk factors in patients ≥80 years presenting in the 
setting of an emergency department (ED); and (2) to 
evaluate the use of VKA versus DOAC treatment regi-
mens, while specifically investigating whether DOACs 
are less beneficial compared with VKAs in this high- 
risk older population.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Definitions
The present study uses data from the single- center ret-
rospective all- comer HERA- FIB (Heidelberg Registry of 
Atrial Fibrillation) study. Design, rationale, and baseline 
characteristics of HERA- FIB as well as inclusion and 
exclusion criteria were described previously.29 This 
study was approved by the local ethics committee of 
the University of Heidelberg. Owing the retrospective 
design of the study, informed consent was waived by 
local ethics committee. The study was conducted ac-
cording to ethical principles stated in the Declaration 
of Helsinki (2008). Patient identifiable data were pseu-
donymized to ensure data confidentiality and were not 
passed to third parties. This study is registered at Clini 
calTr ials. gov, identifier: NCT05995561.

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria for HERA- FIB were 
previously described in detail.29 Inclusion criteria were 
age ≥18 years and diagnosis of AF either as primary 
reason for admission or as a comorbidity. Exclusion 
criteria were nonavailability of at least 1 hs- cTnT (highly 
sensitive cardiac troponin T) value and lost to follow- up 
for all- cause mortality. Data were adjusted for repeated 
visits. Patients with missing data were censored from 
respective analyses. For this subanalysis, patients 
were stratified based on age at presentation and OAC 
regimens at discharge. Figure 1 illustrates the flow dia-
gram of included and excluded patients.

Definitions
In this study, the term “octogenarian” is used to de-
scribe patients aged ≥80 years. AF with uncontrolled 
heart rate was diagnosed if the heart rate upon ad-
mission exceeded 110 bpm. New- onset AF (NOAF) 
was defined as AF not previously diagnosed, and 
non- NOAF encompassed patients with paroxysmal, 

CLINICAL PERSPECTIVE

What Is New?
• Patients ≥80 years with atrial fibrillation face 

higher risks of all- cause mortality, stroke, myo-
cardial infarction, and major bleedings, with a 
growing trend toward use of direct oral antico-
agulants, though no clear outcome advantage 
over vitamin K antagonists has been found in 
this group.

What Are the Clinical Implications?
• The lack of a distinct benefit between direct 

oral anticoagulants and vitamin K antagonists in 
older patients with atrial fibrillation underscores 
the need for personalized anticoagulation strat-
egies that balance bleeding risk, frailty, and 
stroke prevention.

Nonstandard Abbreviations and Acronyms

DOAC direct oral anticoagulant
HERA- FIB Heidelberg Registry of Atrial 

Fibrillation
LCL lower 95% confidence limit
NOAF new- onset atrial fibrillation
OAC oral anticoagulant
VKA vitamin K antagonist
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persistent, or permanent AF, as well as those in sinus 
rhythm with a history of AF. Non- NOAF was classified 
as paroxysmal, per European Society of Cardiology 
guidelines, when conversion to sinus rhythm occurred 
spontaneously within 7 days of presumed onset.6,30 
Upon successful termination using cardioversion (ei-
ther pharmacological or electrical) or sustained AF for 
>7 days, AF type was classified as persistent. Valvular 
AF was defined as patients with AF with mechanical 
prosthetic heart valve(s) or moderate to severe mitral 
stenosis.31 Left ventricular ejection fraction (LVEF) was 
categorized according to the guidelines recommended 
by the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging.32 
Noninvasive rhythm control strategy was defined as 
electrical or pharmacological cardioversion.

End Point Definitions and Follow- Up
In this study, our primary 3- point end point included 
all- cause mortality, myocardial infarction (MI), or 
stroke, and our secondary 4- point end point incor-
porated major bleedings according to International 
Society of Thrombosis and Hemostasis bleeding cri-
teria.33 To minimize lost- to- follow- up, a sequential 
follow- up method was used, as outlined previously.29 
In order to differentiate between ischemic and bleed-
ing risks, strokes were defined excluding hemorrhagic 
stroke, and hemorrhagic strokes were categorized as 
International Society of Thrombosis and Hemostasis 
major bleeding events.29

Statistical Analysis
Data were processed as mean±SD, medians (25th, 
75th percentiles, interquartile range), Kaplan–Meier 
estimates, counts, or percentages. Continuous vari-
ables were tested for normal distribution using the 
Kolmogorov–Smirnov test. Groups were compared 
by chi- square test or Fisher’s exact test for categorical 
variables, and unpaired Student’s t test or Wilcoxon 
rank- sum test for continuous variables. Kaplan–Meier 
analyses were performed and groups were com-
pared using the log- rank test. To assess the impact 
of potential unmeasured confounders, the E- value 
was calculated according to the method described 
by VanderWeele et al,34 using the R package “EValue” 
by Mathur et al.35 When the E- value exceeded the ob-
served hazard ratio (HR) or the lower 95% confidence 
limits (LCL), it indicated that only a confounder with a 
strong association with both the exposure and out-
come could have explained away the observed asso-
ciation. This analysis strengthened the inference that 
the observed association was unlikely to be entirely 
due to unmeasured confounding. P for interaction was 
calculated using a Cox regression model. Sensitivity 
analyses were conducted to specifically compare the 
effects of apixaban and rivaroxaban in patients aged 
≥80 years, using a Cox proportional hazards model 
adjusted for relevant covariates. To address violations 
of the proportional hazards assumption, we applied 
a time- dependent Cox regression model, incorporat-
ing an interaction term between each nonproportional 

Figure 1. Flow chart for included and excluded patients in the HERA- FIB substudy.
AF indicates atrial fibrillation; CPU, chest- pain unit; and HERA- FIB, Heidelberg Registry of Atrial 
Fibrillation.
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covariate and log (time+1).36 Proportional hazards as-
sumptions were verified using Schoenfeld residuals, 
and Martingale residuals were used to evaluate non-
linearity in continuous covariates.36–38 Restricted cubic 
splines (degrees of freedom=5) were also applied to 
model the nonlinear relationship for serum creatinine.39 
Deviance residuals were assessed to detect influential 
observations, and sensitivity analyses were performed 
excluding identified outliers to evaluate their impact on 
model stability.40,41 A 2- tailed P value of <0.05 was con-
sidered to indicate statistical significance. All statistical 
analyses were carried out using the R software (version 
4.3.0, R Foundation for Statistical Computing, Vienna, 
Austria) and MedCalc 20.111 (MedCalc Software bvba, 
Ostend, Belgium).

RESULTS
The HERA- FIB study included a total of 10 222 patients 
with AF, of whom 3291 (32.2%) were aged ≥80 years. 
A breakdown by age decades is depicted in Figure S1. 
The majority of patients with AF were 70 to 79 years 
(35.4%) or 60 to 69 years (27.5%), respectively. Among 
all participants, 3629 (52.4%) had paroxysmal AF, with 
a lower proportion observed in those aged ≥80 years 
(1426 patients; 43.3%). In contrast, persistent AF was 
present in 1266 patients (18.3%) <80 years, compared 
with 396 patients (12.0%) aged ≥80 years. A total of 227 
(2.2%) patients presented with valvular AF, including 176 
(2.5%) <80 years and 51 (1.5%) ≥80 years. Herein, 39 
(1.2%) patients ≥80 years presented with a mechanical 
valve, and 151 (2.2%) patients <80 years presented with 
a mechanical valve. Baseline characteristics for patients 
aged ≥80 years, compared with those <80 years, are de-
tailed in Table 1, revealing significant differences. Among 
patients aged ≥80 years, the most prevalent risk factors 
were arterial hypertension (90.2%), prior coronary artery 
disease (47.8%), and diabetes (21.3%). Notably, com-
pared with younger patients, the older group exhibited 
significantly higher levels of hs- cTnT, serum creatinine, 
CRP (C- reactive protein), and NT- proBNP (N- terminal 
pro- B- type natriuretic peptide). Anticoagulation regi-
mens for patients aged ≥80 years are presented in 
Table 2, showing a high use rate of VKA and the highest 
use rate of rivaroxaban among DOACs.

Outcomes in Patients ≥80 Years
During a median follow- up of 23 months (interquartile 
range, 12–35), 40.8% of patients aged ≥80 years ex-
perienced the primary end point comprising all- cause 
mortality, stroke, or MI. When evaluating the second-
ary end point, which additionally included International 
Society of Thrombosis and Hemostasis major bleeding 
events, 44.1% of patients aged ≥80 years reached the 

Table 1. Baseline Characteristics Stratified by Age: 
≥80 Years Versus <80 Years

Variables Patients<80 y Patients≥80 y P value*

Age, y, median (IQR) 70 (62–75) 84 (82–88) <0.0001

Sex, male, n (%all) 4392 (63.4) 1565 (47.6) <0.0001

Body mass index, kg/
m2, median (IQR)

27.4 (24.4–31.3) 
n=4412

25.6 (23.3–28.4) 
n=1975

<0.0001

Heart rate at 
admission, bpm, 
median (IQR)

93 (75–122) 
n=6929

84 (70–107) 
n=3290

<0.0001

Bpsystolic, median (IQR) 145 (130–159) 
n=6889

149 (132–165) 
n=3281

<0.0001

Bpdiastolic, median (IQR) 86 (76–98) 
n=6887

83 (72–94) 
n=3280

<0.0001

Arterial hypertension, 
n (%all)

5467 (78.9) 2969 (90.2) <0.0001

Diabetes, n (%all) 1341 (19.3) 702 (21.3) 0.0192

History of coronary 
artery disease, n (%all)

2840 (41.0) 1574 (47.8) <0.0001

History of coronary 
artery bypass graft, 
n (%all)

604 (8.7) 338 (10.3) 0.0111

History of myocardial 
infarction, n (%all)

1062 (15.3) 610 (18.5) <0.0001

CHA2DS2VASc- score, 
median (IQR)

3 (2–5) 5 (4–6) <0.0001

ORBIT risk-score, 
median (IQR)

1 (0–3) 3 (2–4) <0.0001

Valvular AF, n (%all) 176 (2.5) 51 (1.5) 0.0015

Initially diagnosed AF, 
n (%all)

2040 (29.4) 718 (21.8) <0.0001

Rhythm control 
strategy in initially 
diagnosed AF, n (%all)*

548 (26.9) 131 (18.2) <0.0001

Electrical 
cardioversion, n (%all)

471 (85.9) 105 (80.2) 0.0969

Left ventricular 
ejection fraction 
(n=6083)

Normal, n (%all) 1950 (48.4) 934 (45.4) 0.0306

Mildly abnormal, n 
(%all)

759 (18.8) 456 (22.2) 0.0306

Moderate abnormal, 
n (%all)

677 (16.8) 379 (18.5) 0.1084

Severely abnormal, 
n (%all)

643 (16.0) 285 (13.9) 0.0326

Highly sensitive 
cardiac troponin T, 
ng/L, median (IQR)

15 (8–29) 28 (17–51) <0.0001

Hemoglobin, g/dL, 
median (IQR)

13.7 (12.2–14.9) 12.5 (11.1–13.6) <0.0001

Serum creatinine, mg/
dL, median (IQR)

0.95 
(0.79–1.20)

1.09 (0.86–1.47) <0.0001

C- reactive protein, 
mg/L, median (IQR)

5 (2–17) 
n=6906

10 (3–31) 
n=3274

<0.0001

N- terminal pro- B- type 
natriuretic peptide, 
ng/L, median (IQR)

2412 (882–
6030) n=2786

4987 (2208–
11 022) n=1654

<0.0001

 (Continued)
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end point. All- cause mortality occurred in 36% of pa-
tients, stroke in 4.0%, MI in 5.8%, and a major bleeding 
event in 8.0%. Kaplan–Meier analyses for the primary 
and secondary end points are depicted in Figure  2. 
The HRs for patients aged ≥80 years were 3.09 (95% 
CI, 2.84–3.36, P<0.0001) for the primary end point and 
2.96 (95% CI, 2.73–3.21; P<0.0001) for the second-
ary end point, as shown in Table 3. The correspond-
ing E- values were 3.75 and 3.62 for the HRs and 3.5 
and 3.39 for the LCL, respectively. Even after adjust-
ing for sex, diabetes, arterial hypertension, creatinine, 
prior coronary artery disease, prior  peripheral artery 
disease (PAD), prior MI, and NOAF, age ≥80 years re-
mained an independent predictor of the primary and 
secondary end point with adjusted HRs (aHR) of 2.55 
(95% CI, 2.36–2.76; P<0.001), and 2.44 (95% CI, 2.27–
2.63; P<0.0001), respectively. The E- values for these 
adjusted HRs were 3.21 and 3.09, with LCL E- values 
of 3.01 and 2.91. The Cox regression analysis identi-
fied diabetes, serum creatinine, prior PAD, and prior MI 
as significant predictors of adverse outcomes for the 
primary composite end point. Due to observed nonlin-
earity in serum creatinine as evidenced by Martingale 
residuals, we used restricted cubic splines with 5 de-
grees of freedom to better model its relationship with 
the outcomes. Due to proportional hazards violations 
for diabetes, PAD, and prior MI, a time- dependent 
Cox regression model was used. In this model, dia-
betes (aHR, 1.07; P<0.0001), prior PAD (aHR, 1.08; 
P<0.0001), and prior MI (aHR, 1.05; P<0.0001) main-
tained a significant association with increased risk 
over time. For the secondary composite end point, 
the time- dependent model showed that arterial hy-
pertension (aHR, 1.03; P=0.005), diabetes (aHR, 1.07; 
P<0.0001), prior PAD (aHR, 1.07; P<0.0001), and prior 

MI (aHR, 1.04; P=0.0001) were all significantly asso-
ciated with increased risk over time. These findings 
underscore the persistent impact of diabetes, prior 
PAD, and prior MI on adverse outcomes in older pa-
tients with AF, emphasizing the role of time- varying 
effects and the nonlinear relationship of serum creati-
nine (Table  S1). Furthermore, an interaction between 
age ≥80 years and NOAF or non- NOAF as well as the 
secondary end point and all- cause mortality could be 
detected (Table S2). In a subanalysis of 6083 (59.5%) 
patients with AF where data on LVEF were available, 
a Cox proportional hazard regression model on pre-
dictive variables for the primary and secondary end 
point revealed that age ≥80 years, diabetes, arterial hy-
pertension, NOAF, prior PAD, prior MI, and estimated 
glomerular filtration rate <60 mL/min as well as moder-
ately and severely abnormal LVEF were independently 
associated with the primary and secondary end point 
(Tables S3 and S4).

OAC Regimens in Patients ≥80 Years
Among patients with AF aged ≥80 years, 67.7% (2235) 
received an oral anticoagulation regimen at discharge, 
with 42.5% (949) on VKA and 57.5% (1286) on DOAC 
(Table 2). Reduced DOAC dosage was applied in 767 
(34.3%) of these patients. Rivaroxaban (30.5%) and 
apixaban (17.4%) were the most commonly prescribed 
DOACs throughout the study period. Despite hav-
ing a higher CHA2DS2VASc- score (median 5; inter-
quartile range, 4–6), those aged ≥80 years were less 
frequently anticoagulated compared with younger 
patients (70.5% versus 67.9%, P=0.0070). Among pa-
tients with AF ≥80 years, use of VKA declined within 
time, whereas use of full-  and reduced- dose DOACs 
in patients ≥80 years increased (Figure  3). Patients 
≥80 years without any oral anticoagulation regimen 
showed higher HRs for the primary (HR, 3.48 [95% CI, 
3.07–3.94]; P<0.0001) and the secondary end point 
(HR, 3.23 [95% CI, 2.86–3.64]; P<0.0001). The cor-
responding E- values were 4.11 and 3.89 for the HRs 
and 3.73 and 3.52 for the LCLs, respectively. For pa-
tients ≥80 years with oral anticoagulation, there were 
no significant differences concerning the end point 
parameters such as the primary, the secondary, and 
all separate outcome parameters classified by VKA 
versus DOAC regimens (Table  4). However, patients 
<80 years on VKA regimens showed an HR of 1.45 
(95% CI, 1.25–1.68; P<0.0001) for the primary and an 
HR of 1.45 (95% CI, 1.26–1.67; P<0.0001) for the sec-
ondary end point favoring a DOAC therapy within these 
patients. The corresponding E- values were 1.91 for 
both HRs and 1.61 and 1.63 for the LCLs, respectively. 
When separated by outcomes, patients <80 years 
showed significantly higher HRs for all- cause mor-
tality, major bleeding, and MI for VKA versus DOAC 

Variables Patients<80 y Patients≥80 y P value*

International 
normalized ratio, 
median, (IQR)

1.12 (1.02–1.57) 1.19 (1.06–1.83) <0.0001

AF indicates atrial fibrillation; bp, blood pressure; IQR, interquartile range; 
and ORBIT, Outcomes Registry for Better Informed Treatment of Atrial 
Fibrillation.

*Rhythm control strategy included patients with either electrical or 
pharmacological cardioversion.

Table 1. Continued

Table 2. Anticoagulation Regimens in Patients≥80 y

OAC regimens Patients ≥80 y

Any OAC regimen, n (%all) 2235 (67.9)

Vitamin K antagonist, n (%all) 949 (42.5)

Rivaroxaban, n (%all) 682 (30.5)

Dabigatran, n (%all) 101 (4.5)

Apixaban, n (%all) 389 (17.4)

Edoxaban, n (%all) 114 (5.1)

OAC indicates oral anticoagulation.
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containing anticoagulation regimens. Regardless of 
age, we observed an HR of 1.25 (95% CI, 1.05–1.50; 
P=0.0130) favoring DOAC therapy for stroke or major 
bleeding events (P for interaction=0.0645; E- valueHR, 
1.61; E- valueLCL, 1.22). When stratified by age catego-
ries, the benefits of DOACs versus VKA for stroke or 
major bleeding events declined as age increased, with 
the highest benefits observed in young and middle- 
aged patients (Figure  4A). This trend was consist-
ent after removing cases who had received reduced 
doses of DOACs (Figure 4B). In a subanalysis of pa-
tients with AF ≥80 years receiving an OAC regimen, 
patients with NOAF and moderate abnormal LVEF 
showed higher HRs for VKA therapy compared with 
DOAC therapy, favoring a DOAC therapy within this 
patient cohort (Table 5). Additionally, among patients 
aged ≥80 years, both apixaban (HR, 0.67 [95% CI, 
0.56–0.80]; P<0.001; E- valueHR, 1.98) and rivaroxaban 
(HR, 0.54 [95% CI, 0.47–0.63]; P<0.001; E- valueHR, 
2.42) were associated with a significantly lower hazard 
of the composite end point compared with patients 
without any oral anticoagulation. However, the direct 
comparison between apixaban and rivaroxaban con-
cerning the primary end point did not show a statis-
tically significant difference (P=0.155), indicating that 
both DOACs provide similar protective effects in this 
age group. HRs split for the individual components of 
major bleeding events or stroke events are depicted in 
Figures S2 and S3, with and without the inclusion of 
patients receiving reduced doses of DOACs.

Noninvasive Rhythm Control in Patients 
≥80 Years
In patients aged ≥80 years, 718 (21.8%) were clas-
sified as NOAF, whereas among those <80 years, 
2040 (29.4%) presented with NOAF. Among individu-
als ≥80 years and NOAF, 131 (18.2%) were treated 
with a noninvasive rhythm control strategy, whereas 
548 (26.9%) of those <80 years received this strat-
egy. Comparing patients aged >80 years with NOAF 
and noninvasive rhythm control strategy against those 
without a rhythm control strategy showed no dispar-
ity concerning the primary end point (HR, 0.89 [95% 
CI, 0.65–1.19]; P=0.4038; E- valueHR, 1.39) (Figure  5). 
However, data on primary ablation strategies for pa-
tients with AF aged ≥80 years with NOAF in our ED 
were available only from March 2013 to March 2020, 
and only 3 patients (0.6%) received such treatment. 
Given this limited sample size, a meaningful statistical 
subgroup analysis was not feasible.

DISCUSSION
This study uses data from the HERA- FIB study, com-
prising 10 222 patients with AF presenting in an ED 
setting, to investigate outcomes and characteristics in 
patients aged ≥80 years and to evaluate the benefit of 
the VKA versus DOAC treatment regimens in patients 
≥80 years. Notably, octogenarians and other older pa-
tients accounted for 32.2% of the study population, 

Figure 2. Kaplan–Meier analysis of primary (A) and secondary (B) end point shows higher HRs for patients ≥80 years.
A, Kaplan–Meier curve illustrating the probability of the primary end point (all- cause mortality, stroke, or myocardial infarction) over 
time for patients aged ≥80 years (green dashed line) compared with those <80 years (blue solid line). Patients ≥80 years demonstrate 
a significantly higher risk, as reflected by the steep decline in end point- free survival (P<0.0001). B, Kaplan–Meier curve illustrating 
the probability of the secondary end point (primary end point plus major bleeding events) over time for patients aged ≥80 years (green 
dashed line) compared with those <80 years (blue solid line). The results again highlight a significantly increased risk in the ≥80 years 
group, with a greater cumulative incidence of events (P<0.0001). EP indicates end point; and HR, hazard ratio.

Table 3. Event Rates and Hazard Ratios for Outcomes in Patients Aged ≥80 Years Compared With Younger Patients

Variables <80 y ≥80 y P value
HR (95% CI) 
for ≥80 y P value

Primary EP* 1297 (18.7) 1342 (40.8) <0.0001 3.09 
(2.84–3.36)

<0.0001

Secondary EP† 1463 (21.1) 1450 (44.6) <0.0001 2.96 
(2.73–3.21)

<0.0001

All- cause mortality 987 (14.2) 1186 (36.0) <0.0001 3.63 
(3.31–3.99)

<0.0001

Stroke 185 (3.0) n=6164 102 (4.0) n=2558 0.0188 1.68 (1.29–2.19) 0.0001

Major bleeding 309 (5.0) n=6157 205 (8.0) n=2568 <0.0001 2.08 
(1.70–2.53)

<0.0001

Myocardial infarction 234 (3.8) n=6148 148 (5.8) n=2556 <0.0001 2.06 
(1.63–2.60)

<0.0001

EP indicates end point; and HR, hazard ratio.
*The primary EP consisted of all- cause mortality, myocardial infarction, and stroke.
†The secondary EP consisted of all- cause mortality, myocardial infarction, stroke, and major bleedings.
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reflecting the increasing prevalence of AF with advanc-
ing age and highlighting the critical need for optimized 
management strategies in this patient cohort. In our 
study, we identified 3 key findings:

First, the observed HRs for primary and secondary 
end points in patients aged ≥80 years underscore the 
increased susceptibility of this demographic to adverse 
outcomes. With 40.8% experiencing the primary end 
point, including all- cause mortality, stroke, or MI, and 
44.6% encountering the secondary end point, inclu-
sive of major bleeding events, the vulnerability of this 

older subgroup to a range of adverse events is evident. 
Notably, diabetes, elevated creatinine levels, prior PAD, 
and MI emerged as significant predictors of adverse 
outcomes for both primary and secondary end point, 
with aHRs ranging from 1.03 to 1.28, respectively. To 
address nonlinearity in the relationship between serum 
creatinine and outcomes, restricted cubic splines were 
used, capturing the complex effect of creatinine levels 
on adverse outcomes. Additionally, a time- dependent 
analysis revealed that the impact of these comorbid-
ities evolved over time, with diabetes, PAD, and MI 

Figure 3. OAC use in patients ≥80 years stratified by no oral anticoagulation, VKA, and DOAC (reduced vs non- 
reduced dosage) within admission years.
DOAC indicates direct oral anticoagulant; OAC, oral anticoagulant; and VKA, vitamin K antagonist.

Table 4. Hazard Ratios for Outcomes in Patients ≥80 Years and <80 Years for Patients With Oral Anticoagulation VKA 
Versus DOAC Regimens

Variables
HR (95% CI) for patients 
≥80 y and VKA vs DOAC P value

HR (95% CI) for patients 
<80 y and VKA vs DOAC P value

Primary EP 1.05 (0.91–1.22) 0.4968 1.45 (1.25–1.68) <0.0001

Secondary EP 1.04 (0.90–1.20) 0.6031 1.45 (1.26–1.67) <0.0001

All- cause mortality 1.04 (0.88–1.22) 0.6714 1.44 (1.20–1.73) 0.0001

Stroke 1.00 (0.61–1.65) 0.9880 1.23 (0.86–1.75) 0.2508

Major bleeding 1.20 (0.85–1.70) 0.3014 1.62 (1.23–2.15) 0.0007

Myocardial infarction 1.35 (0.89–2.05) 0.1560 1.41 (1.01–1.97) 0.0456

DOAC indicates direct oral anticoagulant; EP, end pont; HR, hazard ratio; and VKA, vitamin K antagonist.
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consistently contributing to elevated risk. In contrast, 
arterial hypertension showed a significant time- varying 
effect only for the secondary end point (HR, 1.03; 
P=0.005), indicating its distinct influence on long- term 
bleeding risk. The substantial proportion of all- cause 
mortality (36%) highlights the critical impact of mortal-
ity in the management of AF among older patients. The 
corresponding E- values for these HRs, ranging from 
2.62 to 4.11, indicate that any unmeasured confounder 
would need to have a very strong effect to negate the 
observed associations, reinforcing the robustness of 
our findings and making it unlikely that unmeasured 
confounders fully explain our results.

Second, the study observed a notable transition 
from VKAs to DOACs, particularly rivaroxaban (30.5%) 
and apixaban (17.4%). Among patients ≥80 years, 
67.9% received oral anticoagulation, with 57.5% re-
ceiving a DOAC and 42.5% receiving a VKA therapy. 
Notably, rivaroxaban was the most commonly used 
DOAC, and reduced DOAC dosages were applied 
in 34.3% of patients ≥80 years. Over time, VKA use 
declined, whereas DOAC use, both full and reduced 
dose, increased in older patients. Our observations 
are consistent with findings by Joosten et  al,28 high-
lighting a considerable proportion of older patients 
with AF continuing VKA therapy despite the availability 

Figure 4. Overall benefit of DOAC therapy compared with VKA: hazard ratios for stroke or major bleeding 
events in the whole cohort (A) and a cohort after exclusion of patients receiving reduced DOAC dosage 
(B) across age categories.
DOAC indicates direct oral anticoagulant; HR, hazard ratio; NOAC, non- vitamin K antagonist; and VKA, vitamin 
K antagonist.
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of DOAC regimens. This continued reliance on VKA, 
often seen in frail patients managed primarily in out-
patient settings, underscores the clinical complexities 
and tailored considerations required for anticoagula-
tion management in older patients.

Third, our study observed no significant differences 
in the predefined outcome parameters between VKA 

and DOAC strategies among patients aged ≥80 years, 
prompting reconsideration of the optimal OAC ap-
proach in this subgroup. Although DOAC therapy 
showed favorable HR profile for stroke and major 
bleeding events, evidence regarding the effectiveness 
and safety of DOAC regimens in older patients with AF 
remains limited. The percentage of patients ≥75 years 

Table 5. Subanalysis for Patients ≥80 Years With AF With Oral Anticoagulation Regarding DOAC Versus VKA and the 
Primary and Secondary End Point.

HRprimary EP (95% CI) P interaction HRsecondary EP (95% CI) P interaction

Sex, female 0.7954 0.6788

VKA 0.96 (0.78–1.19) 0.96 (0.79–1.18)

DOAC 1.04 (0.84–1.29) 1.04 (0.85–1.27)

Estimated glomerular filtration rate 
≤60 mL/min

0.0030 0.0052

VKA 1.06 (0.87–1.28) 1.05 (0.88–1.26)

DOAC 0.95 (0.78–1.14) 0.95 (0.80–1.14)

Diabetes 0.0597 0.0364

VKA 0.95 (0.68–1.33) 0.95 (0.69–1.29)

DOAC 1.05 (0.75–1.46) 1.06 (0.77–1.45)

Arterial hypertension 0.5190 0.6503

VKA 1.07 (0.92–1.26) 1.06 (0.92–1.23)

DOAC 0.93 (0.80–1.09) 0.94 (0.81–1.09)

Previous coronary artery disease 0.9560 0.8517

VKA 1.17 (0.95–1.45) 1.14 (0.94–1.39)

DOAC 0.85 (069–1.05) 0.88 (0.72–1.07)

Previous peripheral artery disease 0.3422 0.6122

VKA 1.35 (0.87–2.10) 1.40 (0.92–2.15)

DOAC 0.74 (0.48–1.15) 0.71 (0.47–1.09)

Previous myocardial infarction 0.1376 0.2085

VKA 1.13 (0.82–1.57) 1.09 (0.80–1.50)

DOAC 0.88 (0.64–1.23) 0.92 (0.67–1.26)

Previous coronary artery bypass graft 0.4355 0.3490

VKA 0.71 (0.47–1.08) 1.33 (0.90–1.96)

DOAC 1.40 (0.93–2.12) 0.75 (0.51–1.11)

Normal LVEF 0.7366 0.5657

VKA 0.94 (0.71–1.26) 0.88 (0.67–1.15)

DOAC 1.06 (0.80–1.42) 1.14 (0.87–1.49)

Mildly abnormal LVEF 0.8631 0.9314

VKA 0.93 (0.63–1.37) 1.01 (0.70–1.45)

DOAC 1.08 (0.73–1.59) 0.99 (0.69–1.43)

Moderate abnormal LVEF 0.5885 0.6677

VKA 1.63 (1.09–2.42) 1.50 (1.03–2.19)

DOAC 0.62 (0.41–0.92) 0.67 (0.46–0.97)

Severely abnormal LVEF 0.0924 0.1065

VKA 0.99 (0.62–1.59) 1.02 (0.65–1.60)

DOAC 1.01 (0.63–1.62) 0.98 (0.62–1.53)

New- onset atrial fibrillation 0.0051 0.0141

VKA 1.55 (1.05–2.29) 1.48 (1.03–2.12)

DOAC 0.65 (0.43–0.95) 0.68 (0.47–0.97)

DOAC indicates direct oral anticoagulant; EP, end point; HR, hazard ratio; LVEF, left ventricular ejection fraction; and VKA, vitamin K antagonist.
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included in randomized clinical trials is substantially 
limited, ranging from 31% in ARISTOTLE (Apixaban 
for Reduction in Stroke and Other Thromboembolic 
Events in Atrial Fibrillation)42 to 44% in ROCKET AF 
(Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition 
Compared With Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial in Atrial Fibrillation).43 
Most evidence is derived from subgroup analyses or 
meta- analyses from representative randomized clinical 
trials.17–20 However, it is noteworthy that older patients 
included in randomized clinical trials tend to exhibit rel-
atively better health profiles, fewer comorbidities, and 
improved physical function compared with older adults 
in the general population.28 Thus, comparing our trial in 
the setting of an ED with these previous studies poses 
challenges due to the limited representation of frail 
older patients in the 4 pivotal DOAC trials.5,6,17–28 These 
patients were often excluded because of high antici-
pated bleeding risks or were overlooked by physicians, 
leading to underrepresentation of older patients with 
AF in current clinical trials. Moreover, prior analyses 
primarily assessed frailty through comorbidities and 
polypharmacy, overlooking broader aspects inherent 
in the clinical syndrome. Our findings additionally indi-
cate that among patients aged ≥80 years, both apix-
aban (HR, 0.67; P<0.001) and rivaroxaban (HR, 0.54; 
P<0.001) were significantly associated with a lower 
hazard of the primary composite end point compared 
with patients without an oral anticoagulation. However, 

the direct comparison between apixaban and rivarox-
aban did not show a statistically significant difference 
(P=0.155), suggesting that both DOACs provide simi-
lar protective effects in this age group. This reinforces 
the evidence that DOACs are effective alternatives to 
no anticoagulation in older patients with AF, despite 
the known frailty and comorbid conditions that char-
acterize this population. However, the lack of signifi-
cant differences between DOAC and VKA strategies 
in our study suggests that specific characteristics of 
the older population, such as increased frailty, multiple 
comorbidities, and polypharmacy, may limit the relative 
benefit of DOACs over VKAs in this age group. These 
factors can influence both the pharmacokinetics and 
safety profile of DOACs, potentially reducing their effec-
tiveness compared with VKAs. This highlights the need 
for a more personalized anticoagulation approach in 
patients aged ≥80 years, taking into consideration indi-
vidual bleeding risks and overall health status.

Real- world studies providing data on the effective-
ness and safety of DOACs in older patients with AF re-
main scarce.27,44–48 These investigations often grapple 
with limitations such as limited statistical power due to 
low event rates and small cohort sizes. This scarcity 
in real- world evidence emphasizes the need for more 
comprehensive studies focusing on the specific nu-
ances and challenges faced by this older demographic 
in actual clinical practice. A real- world study consisting 
of 11 760 patients showed that older patients with AF 

Figure 5. Kaplan–Meier analysis for comparison of rhythm vs no rhythm control strategy 
in patients with first diagnosed AF aged ≥80 years.
AF indicates atrial fibrillation; and EP, end point.



J Am Heart Assoc. 2025;14:e036832. DOI: 10.1161/JAHA.124.036832 12

Yildirim et al Atrial Fibrillation in Older Patients—A Registry Analysis

are often not adequately treated with OACs, despite 
their high risk of stroke. Additionally, it demonstrated 
that patients on warfarin with time in therapeutic range 
≥60% had a lower stroke incidence compared with 
those with time in therapeutic range <60%, whereas 
those on high- dose DOACs had a higher net clinical 
benefit with lower intracranial hemorrhage rates.49

Comparative analyses with the COMBINE- AF 
(Collaboration between Multiple Institutions to 
Better Investigate Non- Vitamin K Antagonist Oral 
Anticoagulant Use in Atrial Fibrillation) study and obser-
vations from ROCKET- AF, ARISTOTLE, and ENGAGE 
AF- TIMI 48 (Effective Anticoagulation with Factor Xa 
Next Generation in Atrial Fibrillation—Thrombolysis in 
Myocardial Infarction 48) provide valuable contextual 
insights.17,42,43,50 The COMBINE- AF consortium, which 
amalgamated individual patient data from major DOAC 
trials, encompassed a substantial cohort (n=71 683) 
and consistently highlighted a notable reduction in 
major or clinically significant nonmajor bleeding risk 
associated with DOAC treatment across various age 
groups.50 These findings underscore the consistent 
advantage over warfarin, particularly in terms of ef-
ficacy in standard- dose DOACs, which surpassed 
VKAs, especially among VKA- naïve individuals. This 
analysis also unraveled age- related patterns, reveal-
ing that with both standard and reduced- dose DOAC 
treatments, increased age correlated with higher HRs 
for major bleeding events.50 Noteworthy, interactions 
between polypharmacy and major bleeding were 
observed in the ROCKET- AF and ARISTOTLE trials, 
suggesting a diminishing edge of DOACs over VKAs 
in terms of safety outcomes in cases of higher med-
ication use.42,43 Similarly, findings from the ENGAGE 
AF- TIMI 48 trial portrayed a consistent decrease in 
bleeding incidents with edoxaban compared with war-
farin across different levels of frailty, except in the most 
severe frailty spectrum where statistical significance 
was lacking for reduced bleeding with edoxaban.17 
These insights hint at a possible attenuation of DOAC 
advantages over VKAs, particularly in older and more 
complex trial participants, echoing our studies discov-
ery of escalated bleeding risk when transitioning from 
VKAs to DOACs in an even older and frailer patient 
cohort. Notably, although DOACs exhibited favorable 
outcomes in bleeding risk compared with warfarin in 
several studies, the impact in older and frailer popu-
lations remained nuanced, possibly due to variations 
in frailty and polypharmacy. Observational studies cor-
roborated our findings regarding the impact of aging 
and frailty on outcomes in real- world patients with AF 
receiving VKA or DOAC. However, frailty remains a 
complex factor to study due to residual confounding 
bias in observational studies.28,51

Furthermore, reduced LVEF was identified as a sig-
nificant factor contributing to poor outcomes in older 

patients with AF, emphasizing the need for comprehen-
sive cardiac assessment. Specifically, patients aged 
≥80 years with NOAF and moderate LVEF abnormalities 
showed higher hazard ratios for VKA therapy compared 
with DOACs, indicating a preference for DOACs in this 
group. The coexistence of heart failure and AF signifi-
cantly elevates the risk of cardiovascular morbidity and 
mortality, as highlighted by several studies showing 
that AF in patients with reduced LVEF further increases 
cardiovascular risk.52–56 The SwedeHF (Swedish Heart 
Failure Registry) study also reported increased risks of 
death, heart failure hospitalization, and stroke or tran-
sient ischemic attack across all ranges of LVEF.57 These 
observations underscore the need for personalized 
treatment approaches that address both anticoagula-
tion and cardiac dysfunction to better manage the ele-
vated risk of adverse cardiovascular events.

Finally, our findings on AF management in patients 
aged ≥80 years, who represent 21.8% of initial diag-
noses, reveal notable differences in rhythm control 
strategy use compared with those <80 years, who ac-
count for 29.4% of cases. Specifically, among those 
≥80 years with initial AF, 18.2% underwent noninvasive 
rhythm control, contrasting with 26.9% of individuals 
<80 years. However, comparison analysis showed no 
significant differences in primary end point between 
patients aged ≥80 years with initial AF receiving nonin-
vasive rhythm control strategy with those who did not. 
These results add to the debate on AF management 
strategies, where empirical evidence contrasts with the 
traditional preference for rhythm control over rate con-
trol. The subanalysis of the AFFIRM (Atrial Fibrillation 
Follow- up Investigation of Rhythm Management) trial58 
revealed lower all- cause mortality and hospitalization 
rates in the rate- controlled group aged 70 to 80 years, 
contrasting conventional expectations. Similarly, the 
REPOSI (Registro Politerapie SIMI [Società Italiana di 
Medicina Interna]) study’s59 ancillary analysis found no 
significant differences in cardiovascular and all- cause 
mortality between older patients managed using rate 
and rhythm control strategies, despite disparate pa-
tient profiles. These conflicting findings, alongside 
the preference for rate control strategies in real- world 
scenarios, underscore the ongoing discussion on the 
optimal approach in older patients, which must con-
sider both health outcomes and quality of life. Whereas 
some studies suggest rate control is more cost effec-
tive,60 other research points to better outcomes and 
improvements in health- related quality of life with 
rhythm control.61,62

Strengths and Limitations
The study benefits from the robust data set provided 
by HERA- FIB, which includes 10 222 consecutive, un-
selected patients with AF over an 11- year recruitment 
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period. The large sample size, particularly with a focus 
on patients aged ≥80 years, allows for meaningful ex-
amination of outcomes and treatment patterns in this 
older cohort. The longitudinal design, with a median 
follow- up of 23 months, enables a detailed analysis of 
disease progression and therapeutic responses, offer-
ing valuable insights into AF management among older 
patients.

However, the study has several limitations. Its retro-
spective, single- center design may introduce biases, 
limiting the generalizability of the findings. Additionally, 
the retrospective nature of the study precluded the 
collection of data on time in therapeutic range ≥70% 
for VKA therapy, limiting meaningful analysis of time 
in therapeutic range and outcomes in VKA- treated 
patients. Due to the ED setting and local standards 
for rhythm control, which did not routinely include pri-
mary ablation for patients aged ≥80 years, meaningful 
numbers for ablation in patients with NOAF in this age 
group could not be provided. This limitation prevented 
a meaningful analysis of ablation strategies offered to 
patients aged ≥80 years. Additionally, no data were 
available on device therapies or their success/failure 
rates in the rhythm control strategy analysis for pa-
tients aged ≥80 years with NOAF, precluding a mean-
ingful analysis of these factors.

Furthermore, the lack of independently adjudicated 
end points may affect the precision of reported event 
rates, and the evolving treatment practices over the 
study period could influence both treatment patterns 
and outcomes, warranting cautious interpretation of 
the results. Our study included patients who were tol-
erant of VKA treatment, which may have influenced 
the reporting of bleeding complications after switching 
to DOACs. The choice of DOAC was determined by 
treating physicians, potentially affecting outcomes. The 
absence of significant differences between DOAC and 
VKA groups may be due to the low number of end 
point events and the selection bias inherent in a non-
randomized study design. Although the study was not 
powered to demonstrate differences in isolated clinical 
outcomes, it provides important insights into antico-
agulation strategies in frail, older patients, suggesting 
that careful consideration is needed when deciding 
between continuing VKA or switching to a DOAC in 
this population.

CONCLUSIONS
In conclusion, this study from the HERA- FIB registry 
highlights the significant risk burden among octogenar-
ians with AF, as shown by higher HRs for primary and 
secondary end points. The shifting landscape of OAC 
therapy, particularly the rise in DOAC use, emphasizes 
the evolving nature of treatment strategies. Our findings 

suggest no significant difference in outcomes between 
DOAC and VKA strategies in patients aged ≥80 years, 
emphasizing the need for individualized treatment ap-
proaches based on patient characteristics such as 
frailty, comorbidities, and polypharmacy. Clinicians 
should be mindful of these factors when choosing an-
ticoagulation strategies, given the nuanced benefits 
observed between DOACs and VKAs in this high- 
risk group. Although these findings provide valuable 
insights into the real- world management of older pa-
tients with AF, the retrospective and single- center na-
ture of the study necessitates cautious interpretation. 
Future prospective, multicenter studies are needed to 
validate these findings and further refine therapeutic 
approaches for this increasingly important, yet under-
studied, population.
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