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BACKGROUND: Patients with aortic stenosis (AS) have been underrepresented in the trials evaluating direct oral anticoagulants 
(DOACs) in atrial fibrillation (AF). We aimed to assess whether AS impacts outcomes in patients with AF and estimate the ef-
fects of DOACs versus warfarin in patients with AF and AS.

METHODS AND RESULTS: The registry-based FinACAF (Finnish Anticoagulation in Atrial Fibrillation) study covered all patients with 
AF diagnosed during 2007 to 2018 in Finland. Hazard ratios (HRs) of first-ever gastrointestinal bleeding, intracranial bleeding, 
any bleeding, ischemic stroke, and death were estimated with cause-specific hazards regression adjusted for anticoagulant 
exposure variables. We identified 183 946 patients (50.5% women; mean age, 71.7 [SD, 13.5] years) with incident AF with-
out prior bleeding or ischemic stroke, of whom 5231 (2.8%) had AS. The crude incidence rate of all outcomes was higher 
in patients with AS than in patients without AS. After propensity score matching, AS was associated with the hazard of any 
bleeding, gastrointestinal bleeding, and death but not with intracranial bleeding or ischemic stroke (adjusted HRs, 1.36 [95% 
CI, 1.25–1.48], 1.63 [95% CI, 1.43–1.86], 1.32 [95% CI, 1.26–1.38], 0.96 [95% CI, 0.78–1.17], and 1.11 [95% CI, 0.99–1.25], 
respectively). Among patients with AS, DOACs were associated with a lower risk of ischemic stroke when compared with 
warfarin, while bleeding and mortality did not differ between DOACs and warfarin.

CONCLUSIONS: AS is associated with substantially higher risk of gastrointestinal bleeding in patients with AF. DOACs may be 
more effective in preventing ischemic stroke than warfarin in patients with AF and AS.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT04645537.
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Atrial fibrillation (AF), the most common sustained 
arrhythmia with a prevalence as high as 4.1%, 
is an important cause of ischemic stroke.1,2 

Fortunately, ischemic strokes due to AF are largely 
preventable with oral anticoagulant (OAC) therapy, 
which, on the other hand, predisposes patients to ad-
verse bleeding events. Assessment of patients’ bleed-
ing risk is essential in the clinical decision-making on 

OAC therapy.3,4 A multitude of bleeding risk factors in 
patients with AF have been identified, and different 
combinations of these factors are incorporated into the 
commonly used bleeding risk stratification scores.5

Aortic stenosis (AS) is a common valvular disease 
affecting especially the elderly, and its prevalence, 
along with that of AF, is expected to further increase 
due to the aging population.6–8 AS and AF often 
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coexist, with AS prevalence estimates of 2% to 5% in 
patients with AF.9 Conversely, 20% to 30% of patients 
with AS have concomitant AF.10,11 Previous studies 
have associated AS with an increased risk of gastro-
intestinal bleeding, as well as ischemic stroke, regard-
less of the presence of AF.12,13 Indeed, gastrointestinal 
bleeding from angiodysplasias in patients with AS is 
a well-known but uncommon clinical presentation of 
Heyde syndrome, which in addition to AS and bleed-
ing angiodysplasias is characterized by acquired type 

IIA von Willebrand syndrome caused by blood flow-
ing through the stenotic aortic valve.12 Reports on the 
prevalence of Heyde syndrome in patients undergoing 
transcatheter aortic valve replacement have ranged 
between 2% and 3%, but the overall prevalence and 
impact of Heyde syndrome is unknown.14–16

There is little information on the safety and efficacy 
of OACs in patients with coexisting AF and AS. Patients 
with AS were underrepresented in the randomized 
trials evaluating the efficacy and safety of direct oral 
anticoagulants (DOACs) compared with vitamin K an-
tagonists (VKAs) in patients with AF, and the results 
in these patients were inconsistent.17–20 Furthermore, 
the magnitude of the risks associated with AS in pa-
tients with AF is unclear. Therefore, we conducted a 
nationwide cohort study to evaluate the impact of AS 
on outcomes in patients with AF and to compare the 
effect of DOACs and VKAs on outcomes in this fragile 
patient group.

METHODS
Data Availability Statement
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the Finnish national 
register holders (KELA, Finnish Institute for Health and 
Welfare, Population Register Center and Tax Register) 
through Findata (https://finda​ta.fi/en/).

Study Population
The FinACAF (Finnish Anticoagulation in Atrial Fibrillation) 
study (ClinicalTrials Identifier: NCT04645537; ENCePP 
Identifier: EUPAS29845) is a retrospective nationwide 
registry-based cohort study that includes all patients 
diagnosed with AF in Finland during 2004 to 2018.2 The 
inclusion criterion for the cohort was the International 
Classification of Diseases, Tenth Revision (ICD-10) di-
agnosis code I48 (atrial fibrillation and atrial flutter, to-
gether referred to as AF), and cohort entry occurred 
on the date of the first recorded AF diagnosis. Patients 
with a diagnosis of AF were identified from the following 
national health care registers: HILMO (Hospitalizations 
and Outpatient Specialist Visits) registry, AvoHILMO 
(Primary Health Care Outpatient Care Notification) 
registry, and the National Reimbursement Register 
upheld by the KELA (Social Insurance Institute) reg-
istry. The general exclusion criteria of the study were 
age <20 years at AF diagnosis and permanent migra-
tion abroad before December 31, 2018. The present 
substudy was conducted within a cohort of patients 
diagnosed with incident AF during 2007 to 2018, es-
tablished in previous studies within the FinACAF co-
hort.21,22 For this substudy, patients with any bleeding 

CLINICAL PERSPECTIVE

What Is New?
•	 Aortic stenosis was associated with a higher 

risk of gastrointestinal bleeding in patients with 
atrial fibrillation.

•	 In patients with coexisting atrial fibrillation and 
aortic stenosis, direct oral anticoagulants were 
associated with a lower risk of ischemic stroke 
when compared with warfarin, while bleeding 
and mortality did not differ between direct oral 
anticoagulants and warfarin.

What Are the Clinical Implications?
•	 Aortic stenosis should be considered in the 

bleeding risk assessment of patients with atrial 
fibrillation.

•	 Direct oral anticoagulants seem safe and superior 
to warfarin in stroke prevention among patients 
with both atrial fibrillation and aortic stenosis.
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ARISTOTLE	 Apixaban for Reduction in Stroke 
and Other Thromboembolic Events 
in Atrial Fibrillation
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AvoHILMO	 Primary Health Care Outpatient 
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DOAC	 direct oral anticoagulant
FinACAF	 Finnish Anticoagulation in Atrial 

Fibrillation
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KELA	 Social Insurance Institute registry
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Trial in Atrial Fibrillation

VKA	 vitamin K antagonist
D

ow
nloaded from

 http://ahajournals.org by on June 22, 2023

https://findata.fi/en/


J Am Heart Assoc. 2023;12:e029337. DOI: 10.1161/JAHA.122.029337� 3

Teppo et al� AS and Outcomes in AF

event, ischemic stroke, or aortic valve replacement 
before cohort entry were excluded to definitively distin-
guish the first-ever outcome event. Follow-up started 
from the date of the first recorded AF diagnosis, and 
the study observation period ended on December 
31, 2018. Outcomes of OAC therapy were assessed 
among patients with AS and separately among pa-
tients with AS starting OAC therapy without bleeding, 
ischemic stroke, or aortic valve replacement before 
OAC initiation. The study flowchart summarizes the 
patient selection process (Figure S1).

Aortic Stenosis
Patients were classified in the AS group if they had an 
ICD-10 code of AS at the time of AF diagnosis, and 
patients with no AS diagnosis at baseline were used 
as reference (Table S1). All stages of AS were included 
because classification of AS severity from the used 
data was not feasible.

Study Outcomes
The outcomes of interest were first-ever ischemic 
stroke, gastrointestinal bleeding, intracranial bleeding, 
or bleeding from any anatomic site, as well as all-cause 
death. The outcome was considered to occur on the 
date of the first recorded event of interest. The diagno-
sis codes and dates were obtained from the aforemen-
tioned HILMO hospital care register. Only diagnoses 
from the hospital register were included to ensure that 
the event of interest was truly major and clinically rel-
evant. The outcome diagnosis codes used are sum-
marized in Table S1.

Exposure to OACs
VKA and DOAC exposures were treated as time-
varying variables. VKA exposure was considered to 
start from VKA (warfarin) purchase date and continue 
until 120 days after the last purchase or a purchase of 
a DOAC. Similarly, DOAC exposure was considered 
to start from DOAC (dabigatran, apixaban, rivaroxa-
ban, or edoxaban) purchase date and continue until 
120 days after the last purchase or a VKA purchase. 
The 120-day interval was chosen because in Finland it 
is possible to purchase drugs with reimbursement for 
a maximum of 90 days, and an additional 30-day grace 
period was allowed to cover possible stockpiling and 
differences in warfarin dosing.

Statistical Analysis
The chi-square test was used to analyze differences 
between categorical variables, and Student’s t test 
was used to compare continuous variables. Incidence 
rates and crude incidence rate ratios were gener-
ated for all end points with the Poisson regression. 

Because baseline characteristics differed significantly 
between patients with or without AS, we employed 
1:5 propensity score matching to adjust for imbal-
ances between the study cohorts. A propensity score 
was estimated using logistic regression, with diagno-
sis of AS as the dependent variable considering the 
following variables: age, sex, year of AF diagnosis, in-
come quartiles, hypertension, heart failure, diabetes, 
dyslipidemia, mitral regurgitation, kidney failure, liver 
failure or cirrhosis, prior transient ischemic attack, 
alcohol use disorder, any vascular disease, cancer, 
dementia, psychiatric disorder, and the HAS-BLED 
and CHA2DS2-VASc scores. Propensity score match-
ing was performed with the nearest neighbor method 
using a caliper width of 0.2 of the SD of the logit of the 
propensity score. Standardized differences <0.1 were 
considered a nonsignificant imbalance between the 
matched cohorts.

Subsequently, cause-specific hazards regression 
adjusted with VKA and DOAC exposures was used to 
estimate the association between AS and the afore-
mentioned outcomes. Robust standard errors were 
used to account for clustering in the comparisons 
within the matched cohort. Follow-up continued until 
first-ever outcome event of interest, death, transcath-
eter or surgical aortic valve replacement, or end of the 
observation period on December 31, 2018. Death was 
considered as a competing event when assessing 
hazard ratios (HRs) for bleeding and stroke events. In 
the mortality analyses, follow-up continued until death 
or end of the observation period.

We compared the effect of DOACs versus VKAs on 
outcomes covering only patients with AS using 2 sepa-
rate approaches. First, we included all patients with AS 
and assessed the association of the aforementioned 
time-varying DOAC and VKA exposure variables with 
outcomes. In this analysis, follow-up started from the 
first diagnosis of AF and continued until the first-ever 
outcome event of interest, death, transcatheter or sur-
gical aortic valve replacement, or end of the obser-
vation period on December 31, 2018. Thereafter, we 
emulated intention-to-treat analyses among patients 
with AS initiating OAC therapy with either a DOAC or 
a VKA.23 In this analysis, follow-up began on the date 
of the first OAC purchase and continued until first-
ever outcome event of interest, death, transcatheter 
or surgical aortic valve replacement, December 31, 
2018, or maximum 2 years from OAC initiation. In the 
intention-to-treat analysis, patients were considered 
exposed to either initiated DOAC or VKA therapy irre-
spective of any subsequent treatment changes. In both 
study approaches, outcome HRs were estimated with 
the cause-specific hazards regression adjusted for the 
same above-mentioned variables used in the calcula-
tion of the propensity score, except for the HAS-BLED 
and CHA2DS2-VASc risk scores.
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Thereafter, to evaluate whether the association be-
tween anticoagulant exposures and outcomes is mod-
ified by the presence of AS, interaction terms between 
AS and the time-varying DOAC and VKA exposure 
variables were fitted into the regression models in the 
adjusted analyses within the matched cohort.

A P value <0.05 was considered statistically significant. 
Statistical analyses were performed with the IBM SPSS 
Statistics software version 28.0 (SPSS, Inc., Chicago, IL) 
and R version 4.0.5 (https://www.R-proje​ct.org).

Study Ethics
The study protocol was approved by the Ethics 
Committee of the Medical Faculty of Helsinki 
University, Helsinki, Finland (nr. 15/2017) and granted 
research permission from the Helsinki University 
Hospital (HUS/46/2018). Respective permissions 
were obtained from the Finnish register holders (KELA 
138/522/2018; THL 2101/5.05.00/2018); Population 
Register Centre (VRK/1291/2019–3 and Tax Register 
VH/874/07.01.03/2019). The patients’ identification 
numbers were pseudonymized, and the research 
group received individualized but unidentifiable data. 
Informed consent was waived due to the retrospective 
registry nature of the study. The study conforms to the 
Declaration of Helsinki as revised in 2002.

RESULTS
Overall Cohort
We identified 183 946 patients (50.5% women; mean 
age, 71.7 [SD 13.5] years) with incident AF without prior 
bleeding or ischemic stroke, of whom 5231 (2.8%) had 
a diagnosis of AS at cohort entry. In the overall cohort 
before propensity score matching, patients with AS 
were older and had higher prevalence of cardiovascu-
lar comorbidities and higher bleeding and stroke risk 
scores than patients without a history of AS (Table 1). 
Of the patients with AS, 931 (17.8%) underwent a tran-
scatheter or surgical aortic valve replacement during 
the study period. The mean follow-up time in the all-
cause mortality analyses was 4.4 (SD, 3.3) years. The 
crude incidence rates of all bleeding types, ischemic 
stroke, and all-cause death were higher in patients with 
AS than among those without (Figure, Table 2).

Outcomes of Patients With AS in the 
Propensity Score–Matched Cohort
Propensity score matching yielded a cohort of 5229 
patients with AS and 25 625 patients without AS with 
similar baseline characteristics (Table  1). Among the 
matched patients, OACs were initiated more often in pa-
tients with AS than in those without AS before the end of 
the observation period (76.6% versus 73.8%; P<0.001). 

Moreover, patients with AS were more likely to receive 
VKAs and less likely DOACs during follow-up than pa-
tients without AS (59.5% versus 51.5% and 26.0% ver-
sus 31.8%, respectively; both P<0.001). In the matched 
cohort, after adjusting for VKA and DOAC exposures, 
AS was associated with higher hazard of any bleed-
ing, gastrointestinal bleeding, and death. However, AS 
was not significantly associated with the hazard of is-
chemic stroke or intracranial bleeding (Figure, Table 3). 
According to the interaction analyses, the presence of 
AS did not significantly modify the outcome effects of 
DOAC use compared with VKAs (Table S2).

DOAC Versus VKA in Patients With AS
Of the 5231 patients with AS, 3285 (62.8%) started OAC 
therapy without bleeding, ischemic stroke, or aortic valve 
replacement before OAC initiation. The initial anticoagu-
lant was warfarin, rivaroxaban, apixaban, dabigatran, 
and edoxaban in 73.3%, 9.6%, 12.1%, 4.6%, and 0.4% 
of these cases, respectively. DOACs were initiated more 
toward the end of the observation period. Additionally, 
patients initiating DOACs were more often men and had 
higher income and mean HAS-BLED score but similar 
CHA2DS2-VASc score when compared with patients 
starting stroke prevention with VKA (Table S3). Among 
the patients with AS and AF, DOACs were associated 
with similar hazard of bleeding and death as VKA both 
when drug exposures were treated as time-varying 
variables and in the intention-to-treat analyses based on 
OAC initiation. However, initiation of DOAC therapy was 
associated with a lower risk of ischemic stroke than VKA 
in the intention-to-treat approach. A similar but nonsig-
nificant trend toward lower risk of ischemic stroke for 
DOACs was observed in the analyses with time-varying 
OAC exposures (Table 4 and Table S4).

DISCUSSION
This nationwide retrospective cohort study observed 
that AS is associated with a higher risk of bleeding in 
patients with AF. In particular, the presence of AS in-
creased the risk of gastrointestinal bleeding, while the 
risk of intracranial bleeding was similar in patients with 
and without AS. Additionally, AS was associated with 
higher all-cause mortality but not with the risk of is-
chemic stroke. Among patients with AS, DOACs were 
associated with reduced risk of ischemic stroke com-
pared with VKA, while otherwise no difference was ob-
served between anticoagulant groups with respect to 
bleeding and death.

Previous research on the association of AS and 
outcomes in patients with AF is limited. The increased 
risk of gastrointestinal bleeding in severe AS and 
the pathophysiology of Heyde syndrome are well 
documented, but the actual clinical impact of this 
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phenomenon on a population level has been unclear, 
particularly in interplay with the prothrombotic state in 
AF.12,24 Likewise, there has been a paucity of informa-
tion on the impact of AS on the safety and efficacy pro-
files of OAC therapies in patients with AF. Few previous 
observational studies have assessed the relationship 
between AS and bleeding and stroke outcomes in 
patients with AF, although the generalizability of their 
findings has been limited by small or selected sam-
ple sizes.25–27 Substudies of the original DOAC trials 
have also reported outcomes of patients with valvu-
lar heart diseases.17–20 However, specific outcomes of 
patients with AS were reported only in the post hoc 
analyses of the 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) and ARISTOTLE (Apixaban 
for Reduction in Stroke and Other Thromboembolic 
Events in Atrial Fibrillation) trials.17,19 Furthermore, the 
trials covered only individuals meeting strict inclusion 

criteria and deemed suitable recipients for OAC ther-
apy, with only a limited number of patients with AS. 
Moreover, in the ROCKET AF trial, patients with se-
vere AS or planned intervention for AS were excluded. 
Therefore, our nationwide study covering all patients 
with incident AF in Finland considerably increases 
our understanding of the impact of AS on outcomes, 
as well as of the risk–benefit profile of DOACs versus 
VKAs in this commonly encountered patient group.

AS and Outcomes in Patients With AF
AS was associated with a markedly higher risk of bleed-
ing, especially gastrointestinal bleeding, which was 
increased by >60%. This finding is concordant with pre-
vious reports associating AS with risk of gastrointestinal 
bleeding, regardless of the presence of AF.12,25,26 The 
bleeding risks associated with AS were evident even after 
controlling for a comprehensive set of patient characteris-
tics, indicating that the high bleeding risks in patients with 

Table 1.  Baseline Characteristics of the Overall Cohort and the Propensity Score–Matched Cohort

Overall cohort Propensity score–matched cohort

No aortic 
stenosis Aortic stenosis

Standardized 
mean difference

No aortic stenosis Aortic stenosis
Standardized 
mean differencen=178 715 n=5231 n=25 625 n=5229

Age, y 71.5 (13.6) 79.0 (9.8) 0.561 78.9 (10.0) 79.0 (9.8) 0.011

Cohort entry year 2013 (3.5) 2013 (3.4) 0.085 2013 (3.4) 2013 (3.4) 0.014

Female sex 88 773 (49.7) 2265 (43.3) 0.128 11 226 (43.8) 2264 (43.3) 0.010

Income quartiles 0.281 0.007

First (lowest) 41 675 (23.3) 1591 (30.4) 8198 (32.0) 1591 (30.4)

Second 46 519 (26.0) 1699 (32.5) 7679 (30.0) 1699 (32.5)

Third 44 509 (24.9) 1142 (21.8) 5473 (21.4) 1140 (21.8)

Fourth (highest) 46 012 (25.7) 799 (15.3) 4275 (16.7) 799 (15.3)

Any vascular disease 44 431 (24.9) 2476 (47.3) 0.517 11 791 (46.0) 2474 (47.3) 0.026

Diabetes 35 922 (20.1) 1370 (26.2) 0.152 6756 (26.4) 1370 (26.2) 0.006

Dyslipidemia 78 879 (44.1) 3285 (62.8) 0.376 16 058 (62.7) 3283 (62.8) 0.002

Heart failure 28 102 (15.7) 1857 (35.5) 0.538 8489 (33.1) 1855 (35.5) 0.050

Hypertension 128 087 (71.7) 4405 (84.2) 0.280 21 598 (84.3) 4403 (84.2) 0.002

Mitral regurgitation 4230 (2.4) 668 (12.8) 0.650 2570 (10.0) 666 (12.7) 0.088

Prior TIA 8743 (4.9) 324 (6.2) 0.060 1570 (6.1) 324 (6.2) 0.003

Abnormal liver function 652 (0.4) 26 (0.5) 0.022 144 (0.6) 26 (0.5) 0.009

Abnormal renal function 5702 (3.2) 324 (6.2) 0.169 1476 (5.8) 323 (6.2) 0.018

Alcohol use disorder 6291 (3.5) 95 (1.8) 0.093 470 (1.8) 95 (1.8) 0.001

Cancer 34 197 (19.1) 1288 (24.6) 0.139 6256 (24.4) 1287 (24.6) 0.005

Dementia 7745 (4.3) 301 (5.8) 0.069 1479 (5.8) 301 (5.8) 0.001

Psychiatric disorder 22 234 (12.4) 527 (10.1) 0.072 2583 (10.1) 527 (10.1) 0.001

Modified HAS-BLED score 2.2 (0.9) 2.5 (0.7) 0.389 2.5 (0.7) 2.5 (0.7) 0.009

CHA2DS2-VASc score 3.1 (1.7) 4.2 (1.5) 0.675 4.2 (1.5) 4.2 (1.5) 0.027

Values denote n (%) or mean (SD). CHA2DS2-VASc: congestive heart failure, hypertension, age≥75 years, diabetes, history of stroke or TIA, vascular disease, 
age 65 to 74 years, sex category (female); modified HAS-BLED score: hypertension, abnormal renal or liver function, prior stroke, bleeding history, age>65 years, 
alcohol abuse, concomitant antiplatelet/nonsteroidal anti-inflammatory drugs (no labile international normalized ratio, max score 8). TIA indicates transient 
ischemic attack.
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AS are only partially explained by the factors incorporated 
in the widely used bleeding risk stratification tools. The 
previously described high prevalence of gastrointestinal 
tract angiodysplasias and depletion of the von Willebrand 
factor multimers in patients with AS may partly explain our 
findings.28 However, while Heyde syndrome has mainly 
been observed in patients with severe AS, in the pre-
sent study, gastrointestinal bleeding risk was elevated in 
unselected patients, including all stages of AS. Indeed, 
although the true prevalence of Heyde syndrome in pa-
tients with AS is unknown, our findings suggest that AS 
may increase gastrointestinal bleeding risk in AF beyond 
the clinical diagnosis of Heyde syndrome.

Previous studies have associated AS with a higher 
risk of ischemic stroke in both patients with AF and 
patients without AF.13,17,19,25 In the present study, we 
observed only a trend toward a higher risk of ischemic 
stroke in patients with AS (Table 3). Hence, the higher 
risk of bleeding seems to predominate in the risk profile 
of patients with AF and AS. This observation may help 
in the clinical decision-making of stroke prevention and 
guide in balancing bleeding and stroke risks in these 
vulnerable patients.

DOACs Versus VKAs in Patients With AS 
and AF
Among patients with AS, DOAC therapy was associ-
ated with a lower risk of ischemic stroke when com-
pared with VKAs, while bleeding and mortality did not 
differ between DOACs and VKAs. These findings are 

discordant with the higher bleeding and similar ischemic 
stroke rate in patients with AS on rivaroxaban compared 
with warfarin in the post hoc analysis of the ROCKET 
AF trial.19 On the other hand, more in concordance with 
our results, the post hoc analysis of the ARISTOTLE trial 
observed similar stroke and bleeding rates in patients 
with AS on apixaban and warfarin.17 The variance in 
the results of these post hoc analyses may partly be 
explained by their small sample sizes of 214 and 324 
patients with AS, respectively. Also, our results are in 
contrast with the findings of a recent Danish observa-
tional study, reporting a higher risk of thromboembo-
lism but a lower risk of major bleeding for treatment with 
DOACs compared with VKAs in patients with AF and 
AS.27 In relation to our work, the Danish study also in-
cluded patients with prior aortic valve interventions and 
did not cover patients with AF diagnosed solely in the 
primary care, which may in part explain the discrepancy 
in the findings. According to our interaction analyses, 
the presence of AS did not significantly modify the out-
come effects of DOACs compared with VKA, suggest-
ing that in patients with AF, DOACs can be chosen for 
stroke prevention irrespective of the presence of AS. 
Importantly, we found no signals of DOAC therapy en-
tailing more risks than VKA therapy in these patients.

Limitations
Our findings must be interpreted bearing in mind the 
limitations of this study, especially the challenges in-
herent to observational studies based on real-life 

Figure.  Cumulative incidence curves of bleeding events in the overall cohort (above) and in the propensity score–matched 
cohort (below).
AS indicates aortic stenosis; GI, gastrointestinal; and IC, intracranial.
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administrative data. Hence, our results represent as-
sociations and not necessarily causation between AS 
and outcomes, nor between OACs and outcomes. 
Information bias may be present owing to unmeasured 
or inappropriately recorded data, and due to the non-
randomized study design and clinical patient selection 
to receive OACs, confounding and selection biases 
may affect the risk estimates of OACs. Moreover, we 
were unable to definitively distinguish repeat bleeding 
or stroke episodes and therefore focused our analyses 
on the first-ever event of interest, excluding patients 
with bleedings or ischemic stroke before AF diagno-
sis, which may impose selection bias on our study. 
OAC exposures are based on pharmacy purchase 
dates, and whether patients actually took their medi-
cations is unknown. Moreover, because nonsteroidal 
anti-inflammatory drugs and low-dose acetylsalicylic 
acid are frequently purchased over the counter with-
out a prescription in Finland, we did not consider their 
use in the analyses. Finally, we lacked information on 
the severity of AS. Notwithstanding these limitations, 
major strengths of our study are the large nationwide 

study sample, the comprehensive medical data from 
all levels of care, and coverage of all OAC purchases, 
because OACs are not sold over the counter without 
a prescription in Finland. Additionally, the validated 
national registries used have considerably high diag-
nostic accuracy, especially regarding cardiovascular 
diseases.29,30 Importantly, our analyses focused on 
AS, compared with previous studies including all types 
of valvular disease in patients with AF.

Table 2.  Crude Incidence of Outcome Events Before and After Propensity Score Matching

Overall cohort Propensity score–matched cohort

No aortic stenosis Aortic stenosis P value No aortic stenosis Aortic stenosis P value

Any bleeding

Events (%) 21 299 (11.9) 640 (12.2) 0.486 3427 (13.4) 640 (12.2) 0.075

Patient-years (100 y) 7319 111 839 111

Incidence rate (per 100 y) 2.91 (2.87–0.95) 5.74 (5.31–6.20) <0.001 4.09 (3.95–4.23) 5.74 (5.31–6.20) <0.001

Incidence rate ratio (Reference) 1.97 (1.82–2.13) <0.001 (Reference) 1.41 (1.29–1.53) <0.001

Gastrointestinal bleeding

Events (%) 7196 (4.0) 277 (5.3) 1213 (4.7) 277 (5.3) 0.222

Patient-years (100 y) 7674 118 888 118

Incidence rate (per 100 y) 0.94 (0.92–0.96) 2.35 (2.08–2.64) <0.001 1.37 (1.29–1.45) 2.34 (2.08–2.63) <0.001

Incidence rate ratio (Reference) 2.25 (2.22–2.82) <0.001 (Reference) 1.71 (1.50–1.95) <0.001

Intracranial bleeding

Events (%) 5099 (2.9) 109 (2.1) 847 (3.3) 109 (2.1) <0.001

Patient-years (100 y) 7753 121 899 121

Incidence rate (per 100 y) 0.66 (0.64–0.68) 0.90 (0.75–1.09) <0.001 0.94 (0.88–1.01) 0.90 (0.75–1.09) 0.678

Incidence rate ratio (Reference) 1.37 (1.14–1.66) <0.001 (Reference) 0.96 (0.79–1.17) 0.678

Ischemic stroke

Events (%) 12 483 (7.0) 332 (6.3) 2048 (8.0) 332 (6.3) <0.001

Patient years (100 y) 7542 118 872 118

Incidence rate (per 100 y) 1.65 (1.63–1.68) 2.82 (2.53–3.14) <0.001 2.21 (2.11–2.31) 2.81 (2.41–3.00) <0.001

Incidence rate ratio (Reference) 1.70 (1.53–1.90) <0.001 (Reference) 1.27 (1.18–1.37) <0.001

Mortality

Events (%) 53 625 (30.0) 2576 (49.2) 10 980 (42.8) 2574 (49.2) <0.001

Patient-years (100 y) 7871 172 916 172

Mortality rate (per 100 y) 6.81 (6.75–6.87) 14.92 (14.36–15.51) <0.001 11.94 (11.72–12.17) 14.89 (14.33–15.48) <0.001

Mortality rate ratio (Reference) 2.19 (2.11–2.28) <0.001 (Reference) 1.25 (1.19–1.31) <0.001

Ninety-five percent CIs in parentheses. Incidence rates and incidence rate ratios estimated with Poisson regression accounting for clustering in the 
comparisons within the matched cohort.

Table 3.  Adjusted Outcome Hazard Ratios for Aortic 
Stenosis in the Propensity Score–Matched Cohort

Outcome Aortic stenosis P value

Any bleeding 1.36 (1.25–1.48) <0.001

Gastrointestinal bleeding 1.63 (1.43–1.86) <0.001

Intracranial bleeding 0.96 (0.78–1.17) 0.693

Ischemic stroke 1.11 (0.99–1.25) 0.076

Mortality 1.32 (1.26–1.38) <0.001

Hazard ratios estimated with the cause-specific hazards regression and 
adjusted for VKA and DOAC exposures. 95% CIs in parentheses. DOAC 
indicates direct oral anticoagulant; and VKA, vitamin K antagonist.
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Implications for Future Research
Future studies are needed to explore optimal treat-
ment strategies in the high-risk population of patients 
with AS and AF. The role of low-dose DOAC therapy 
and left atrial appendage closure should be evaluated 
regarding the high bleeding risks associated with AS. 
Additionally, data on AF outcomes according to the se-
verity of AS are needed. Moreover, possible outcome 
disparities between different DOACs in the presence of 
AS require further investigation.

CONCLUSIONS
In conclusion, the present registry-based nationwide 
cohort study documented that AS is associated with 
a substantially increased risk of gastrointestinal bleed-
ing in patients with AF, and AS should thus be consid-
ered in the bleeding risk assessment in these patients. 
Compared with VKAs, DOACs had a similar profile in 
safety outcomes but were associated with a lower risk 
of ischemic stroke in patients with AS and AF.

ARTICLE INFORMATION
Received December 27, 2022; accepted March 23, 2023.

Affiliations
Heart Center, Turku University Hospital and University of Turku, Turku, Finland 
(K.T., K.E.A., J.J., P.M.); Department of Medicine, South-Karelia Central 
Hospital, University of Helsinki, Lappeenranta, Finland (F.B.); Department 
of Industrial Engineering and Management, Aalto University, Espoo, Finland 
(O.H., M.L.); Heart Center, Kuopio University Hospital, Kuopio, Finland (M.L., 
J.H.); University of Helsinki, Helsinki, Finland (J.H., A.L., M.L.); Neurology, 
Helsinki University Hospital, and University of Helsinki, Helsinki, Finland (J.P., 
J.K.); University of Eastern Finland, Kuopio, Finland (J.H.); and Heart and 
Lung Center, Helsinki University Hospital, University of Helsinki, Helsinki, 
Finland (A.L.A., M.L.).

Sources of Funding
This work was supported by the Aarne Koskelo Foundation, The Finnish 
Foundation for Cardiovascular Research, and Helsinki and Uusimaa Hospital 
District research fund (TYH2019309).

Disclosures
Dr Putaala reports personal fees from Boehringer-Ingelheim, personal fees 
and other from Bayer, grants and personal fees from BMS-Pfizer, personal 
fees from Portola, other from Amgen, personal fees from Herantis Pharma, 
personal fees from Terve Media, other from Vital Signum, and personal fees 
from Abbott, outside the submitted work. Dr Mustonen: consultant: Roche, 
BMS-Pfizer-alliance, Novartis Finland, Boehringer Ingelheim, and MSD 
Finland. Dr Haukka: consultant: Research Janssen R&D; speaker: Bayer 
Finland. Dr Linna: speaker: BMS-Pfizer-alliance, Bayer, and Boehringer-
Ingelheim. Dr Hartikainen: research grants: The Finnish Foundation for 
Cardiovascular Research, EU Horizon 2020, and EU FP7; advisory board 
member: BMS-Pfizer-alliance, Novo Nordisk, and Amgen; speaker: Cardiome 
and Bayer. Dr Airaksinen: research grants: The Finnish Foundation for 
Cardiovascular Research; speaker: Bayer, Pfizer, and Boehringer-Ingelheim; 
advisory board member: Bayer, Pfizer, and AstraZeneca. Dr Lehto: consult-
ant: BMS-Pfizer-alliance, Bayer, Boehringer-Ingelheim, and MSD; speaker: 
BMS-Pfizer-alliance, Bayer, Boehringer Ingelheim, MSD, Terve Media, and 
Orion Pharma; research grants: Aarne Koskelo Foundation, The Finnish 
Foundation for Cardiovascular Research, Helsinki and Uusimaa Hospital 
District research fund, and Boehringer-Ingelheim. Dr Aro: research grants: 
Finnish Foundation for Cardiovascular Research; speaker: Abbott, Johnson 
& Johnson, Sanofi, Bayer, and Boehringer-Ingelheim. The remaining authors 
have no disclosures to report.

Supplemental Material
Tables S1–S4
Figure S1

REFERENCES
	 1.	 Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M, 

Benjamin EJ, Gillum RF, Kim YH, McAnulty JH, Zheng ZJ, et al. 
Worldwide epidemiology of atrial fibrillation: a global burden of dis-
ease 2010 study. Circulation. 2014;129:129–847. doi: 10.1161/
CIRCULATIONAHA.113.005119

	 2.	 Lehto M, Halminen O, Mustonen P, Putaala J, Linna M, Kinnunen J, 
Kouki E, Niiranen J, Hartikainen J, Haukka J, et al. The nationwide 
Finnish anticoagulation in atrial fibrillation (FinACAF): study rationale, 

Table 4.  Hazard Ratios of Outcome Events for DOACs Compared With VKAs Among Patients With Aortic Stenosis

Outcome
Analyses with time-varying OAC 
variables P value

Intention-to-treat 
analyses P value

Unadjusted analyses

Any bleeding 1.09 (0.84–1.40) 0.527 1.07 (0.80–1.42) 0.673

Gastrointestinal bleeding 1.24 (0.83–1.85) 0.340 1.00 (0.66–1.53) 0.998

Intracranial bleeding 1.02 (0.56–1.87) 0.941 1.01 (0.54–1.88) 0.994

Ischemic stroke 0.55 (0.32–0.94) 0.028 0.44 (0.25–0.80) <0.001

Mortality 1.17 (0.98–1.41) 0.097 0.70 (0.56–0.87) <0.001

Adjusted analyses

Any bleeding 0.93 (0.70–1.24) 0.563 0.85 (0.58–1.23) 0.397

Gastrointestinal bleeding 1.10 (0.70–1.72) 0.722 0.84 (0.50–1.43) 0.515

Intracranial bleeding 0.94 (0.48–1.86) 0.850 0.87 (0.40–1.87) 0.723

Ischemic stroke 0.60 (0.34–1.06) 0.074 0.41 (0.21–0.75) 0.004

Mortality 1.20 (0.99–1.45) 0.059 0.89 (0.67–1.18) 0.171

Hazard ratios estimated with the cause-specific hazards regression. Adjusted analyses included the following variables: age, sex, year of atrial fibrillation 
diagnosis, income quartiles, alcohol use disorder, psychiatric disorder, cancer, dementia, hypertension, heart failure, diabetes, dyslipidemia, mitral regurgitation, 
kidney failure, liver failure or cirrhosis, prior transient ischemic attack, and any vascular disease. Ninety-five percent CIs in parentheses. DOAC indicates direct 
oral anticoagulant; and VKA, vitamin K antagonist.

D
ow

nloaded from
 http://ahajournals.org by on June 22, 2023

https://doi.org//10.1161/CIRCULATIONAHA.113.005119
https://doi.org//10.1161/CIRCULATIONAHA.113.005119


J Am Heart Assoc. 2023;12:e029337. DOI: 10.1161/JAHA.122.029337� 9

Teppo et al� AS and Outcomes in AF

design, and patient characteristics. Eur J Epidemiol. 2022;37:95–102. 
doi: 10.1007/s10654-021-00812-x

	 3.	 Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy 
to prevent stroke in patients who have nonvalvular atrial fibrillation. Ann 
Intern Med. 2007;146:146. doi: 10.7326/0003-4819-146-12-200706190
-00007

	 4.	 Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-
Lundqvist C, Boriani G, Castella M, Dan GA, Dilaveris PE, et al. 2020 
ESC guidelines for the diagnosis and management of atrial fibrillation 
developed in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J. 2021;42:373–498.

	 5.	 Lane DA, Lip GYH. Stroke and bleeding risk stratification in atrial fibril-
lation: a critical appraisal. Eur Heart J Suppl. 2020;22:O14–O27. doi: 
10.1093/eurheartj/suaa178

	 6.	 Krijthe BP, Kunst A, Benjamin EJ, Lip GYH, Franco OH, Hofman A, 
Witteman JCM, Stricker BH, Heeringa J. Projections on the number 
of individuals with atrial fibrillation in the European Union, from 2000 
to 2060. Eur Heart J. 2013;2013:34–2751. doi: 10.1093/eurheartj/
eht280

	 7.	 Chen J, Li W, Xiang M. Burden of valvular heart disease, 1990–2017: 
results from the global burden of disease study 2017. J Glob Health. 
2020;10. doi: 10.7189/jogh.10.020404

	 8.	 Barreto-Filho JA, Wang Y, Dodson JA, Desai MM, Sugeng L, Geirsson 
A, Krumholz HM. Trends in aortic valve replacement for elderly patients 
in the United States, 1999–2011. JAMA. 2013;310:310. doi: 10.1001/
jama.2013.282437

	 9.	 Banerjee A, Allan V, Denaxas S, Shah A, Kotecha D, Lambiase PD, 
Joseph J, Lund LH, Hemingway H. Subtypes of atrial fibrillation with 
concomitant valvular heart disease derived from electronic health re-
cords: phenotypes, population prevalence, trends and prognosis. 
Europace. 2019;21:1776–1784. doi: 10.1093/europace/euz220

	10.	 Andreasen C, Gislason GH, Køber L, Abdulla J, Martinsson A, Smith 
JG, Torp-Pedersen C, Andersson C. Incidence of ischemic stroke 
in individuals with and without aortic valve stenosis: a Danish ret-
rospective cohort study. Stroke. 2020;51:1364–1371. doi: 10.1161/
STROKEAHA.119.028389

	11.	 Andell P, Li X, Martinsson A, Andersson C, Stagmo M, Zöller B, Sundquist 
K, Smith JG. Epidemiology of valvular heart disease in a Swedish na-
tionwide hospital-based register study. Heart. 2017;103:1696–1703. 
doi: 10.1136/heartjnl-2016-310894

	12.	 Loscalzo J. From clinical observation to mechanism—Heyde’s 
syndrome. N Engl J Med. 2012;367:1954–1956. doi: 10.1056/
NEJMcibr1205363

	13.	 Greve AM, Dalsgaard M, Bang CN, Egstrup K, Ray S, Boman K, 
Rossebø AB, Gohlke-Baerwolf C, Devereux RB, Køber L, et al. 
Stroke in patients with aortic stenosis: the simvastatin and ezetimibe 
in aortic stenosis study. Stroke. 2014;45:1939–1946. doi: 10.1161/
STROKEAHA.114.005296

	14.	 Godino C, Lauretta L, Pavon AG, Mangieri A, Viani G, Chieffo A, 
Galaverna S, Latib A, Montorfano M, Cappelletti A, et al. Heyde’s syn-
drome incidence and outcome in patients undergoing transcatheter 
aortic valve implantation. J Am Coll Cardiol. 2013;61:687–689. doi: 
10.1016/j.jacc.2012.10.041

	15.	 Undas A, Natorska J. Bleeding in patients with severe aortic stenosis 
in the era of transcatheter aortic valve replacement. JACC Cardiovasc 
Interv. 2015;8:8–703. doi: 10.1016/j.jcin.2015.03.001

	16.	 Waldschmidt L, Drolz A, Heimburg P, Goßling A, Ludwig S, Voigtländer 
L, Linder M, Schofer N, Reichenspurner H, Blankenberg S, et al. Heyde 
syndrome: prevalence and outcomes in patients undergoing transcath-
eter aortic valve implantation. Clin Res Cardiol. 2021;110:1939–1946. 
doi: 10.1007/s00392-021-01905-z

	17.	 Avezum A, Lopes RD, Schulte PJ, Lanas F, Gersh BJ, Hanna M, Pais P, 
Erol C, Diaz R, Bahit MC, et al. Apixaban in comparison with warfarin in 

patients with atrial fibrillation and valvular heart disease: findings from 
the Apixaban for reduction in stroke and other thromboembolic events 
in atrial fibrillation (Aristotle) trial. Circulation. 2015;132:624–632. doi: 
10.1161/CIRCULATIONAHA.114.014807

	18.	 de Caterina R, Renda G, Carnicelli AP, Nordio F, Trevisan M, Mercuri MF, 
Ruff CT, Antman EM, Braunwald E, Giugliano RP. Valvular heart disease 
patients on edoxaban or warfarin in the ENGAGE AF-TIMI 48 trial. J Am 
Coll Cardiol. 2017;69:1372–1382. doi: 10.1016/j.jacc.2016.12.031

	19.	 Breithardt G, Baumgartner H, Berkowitz SD, Hellkamp AS, Piccini 
JP, Lokhnygina Y, Halperin JL, Singer DE, Hankey GJ, Hacke W, et al. 
Native valve disease in patients with non-valvular atrial fibrillation on 
warfarin or rivaroxaban. Heart. 2016;102:1036–1043. doi: 10.1136/
heartjnl-2015-308120

	20.	 Ezekowitz MD, Nagarakanti R, Noack H, Brueckmann M, Litherland 
C, Jacobs M, Clemens A, Reilly PA, Connolly SJ, Yusuf S, et al. 
Comparison of dabigatran and warfarin in patients with atrial fibrillation 
and valvular heart disease: the RE-LY trial (randomized evaluation of 
long-term anticoagulant therapy). Circulation. 2016;134:589–598. doi: 
10.1161/CIRCULATIONAHA.115.020950

	21.	 Teppo K, Jaakkola J, Biancari F, Halminen O, Putaala J, Mustonen P, 
Haukka J, Linna M, Kinnunen J, Tiili P, et al. Mental health conditions 
and risk of first-ever ischaemic stroke and death in patients with in-
cident atrial fibrillation: a nationwide cohort study. Eur J Clin Invest. 
2022;52:e13801. doi: 10.1111/eci.13801

	22.	 Teppo K, Jaakkola J, Airaksinen KEJ, Biancari F, Halminen O, Putaala 
J, Mustonen P, Haukka J, Hartikainen J, Luojus A, et al. Mental health 
conditions and nonpersistence of direct oral anticoagulant use in pa-
tients with incident atrial fibrillation: a nationwide cohort study. J Am 
Heart Assoc. 2022;11:e024119. doi: 10.1161/JAHA.121.024119

	23.	 Hernán MA, Robins JM. Using big data to emulate a target trial when 
a randomized trial is not available. Am J Epidemiol. 2016;183:758–764. 
doi: 10.1093/aje/kwv254

	24.	 Natorska J, Mazur P, Undas A. Increased bleeding risk in pa-
tients with aortic valvular stenosis: from new mechanisms to 
new therapies. Thromb Res. 2016;139:139–189. doi: 10.1016/j.
thromres.2016.01.016

	25.	 Melgaard L, Overvad TF, Jensen M, Lip GYH, Larsen TB, Nielsen PB. 
Thromboembolism and bleeding complications in anticoagulated pa-
tients with atrial fibrillation and native aortic or mitral valvular heart dis-
ease: a descriptive nationwide cohort study. Eur Heart J Cardiovasc 
Pharmacother. 2021;7:7–f110. doi: 10.1093/ehjcvp/pvaa008

	26.	 Elvira-Ruiz G, Caro-Martínez C, Flores-Blanco PJ, Cerezo-Manchado 
JJ, Albendín-Iglesias H, Lova-Navarro A, Arregui-Montoya F, Muñoz-
Franco FM, García-Iniesta N, García-Alberola A, et al. Aortic valve ste-
nosis provides complementary information to bleeding risk scores in 
non-valvular atrial fibrillation patients initiating anticoagulation. J Geriatr 
Cardiol. 2020;17:141–148.

	27.	 Melgaard L, Overvad TF, Jensen M, Christensen TD, Lip GYH, Larsen 
TB, Nielsen PB. Effectiveness and safety of noac versus warfarin in 
patients with atrial fibrillation and aortic stenosis. J Am Heart Assoc. 
2021;10:10. doi: 10.1161/JAHA.121.022628

	28.	 Weaver GA, Alpern HD, Davis JS, Ramsey WH, Reichelderfer M. 
Gastrointestinal angiodysplasia associated with aortic valve disease: 
part of a spectrum of angiodysplasia of the gut. Gastroenterology. 
1979;77:1–11.

	29.	 Tolonen H, Salomaa V, Torppa J, Sivenius J, Immonen-Räihä P, 
Lehtonen A. The validation of the Finnish hospital discharge register and 
causes of death register data on stroke diagnoses. Eur J Prev Cardiol. 
2007;14:14–385. doi: 10.1097/01.hjr.0000239466.26132.f2

	30.	 Leppälä JM, Virtamo J, Heinonen OP. Validation of stroke diagno-
sis in the National Hospital Discharge Register and the register of 
causes of death in Finland. Eur J Epidemiol. 1999;15:155–160. doi: 
10.1023/A:1007504310431

D
ow

nloaded from
 http://ahajournals.org by on June 22, 2023

https://doi.org//10.1007/s10654-021-00812-x
https://doi.org//10.7326/0003-4819-146-12-200706190-00007
https://doi.org//10.7326/0003-4819-146-12-200706190-00007
https://doi.org//10.1093/eurheartj/suaa178
https://doi.org//10.1093/eurheartj/eht280
https://doi.org//10.1093/eurheartj/eht280
https://doi.org//10.7189/jogh.10.020404
https://doi.org//10.1001/jama.2013.282437
https://doi.org//10.1001/jama.2013.282437
https://doi.org//10.1093/europace/euz220
https://doi.org//10.1161/STROKEAHA.119.028389
https://doi.org//10.1161/STROKEAHA.119.028389
https://doi.org//10.1136/heartjnl-2016-310894
https://doi.org//10.1056/NEJMcibr1205363
https://doi.org//10.1056/NEJMcibr1205363
https://doi.org//10.1161/STROKEAHA.114.005296
https://doi.org//10.1161/STROKEAHA.114.005296
https://doi.org//10.1016/j.jacc.2012.10.041
https://doi.org//10.1016/j.jcin.2015.03.001
https://doi.org//10.1007/s00392-021-01905-z
https://doi.org//10.1161/CIRCULATIONAHA.114.014807
https://doi.org//10.1016/j.jacc.2016.12.031
https://doi.org//10.1136/heartjnl-2015-308120
https://doi.org//10.1136/heartjnl-2015-308120
https://doi.org//10.1161/CIRCULATIONAHA.115.020950
https://doi.org//10.1111/eci.13801
https://doi.org//10.1161/JAHA.121.024119
https://doi.org//10.1093/aje/kwv254
https://doi.org//10.1016/j.thromres.2016.01.016
https://doi.org//10.1016/j.thromres.2016.01.016
https://doi.org//10.1093/ehjcvp/pvaa008
https://doi.org//10.1161/JAHA.121.022628
https://doi.org//10.1097/01.hjr.0000239466.26132.f2
https://doi.org//10.1023/A:1007504310431


 

 

Supplemental Material 

 

  

D
ow

nloaded from
 http://ahajournals.org by on June 22, 2023



Table S1. Definitions of the comorbidities, outcomes and exposure. 

 ICD-10 ICPC-2 Reimbursement 

code 

ATC code Other 

Exposure      

Aortic stenosis I35.0, I35.2, I06.0, I06.2     

Outcomes      

Any bleeding D50.0, D62, D68.3, I60-I62, I85.0, I86.4, 
J94.2, K22.1, K22.3, K22.6, K25.0, K25.2, 

K25.4, K25.6, K26.0, K26.2, K26.4, K26.6, 

K27.0, K27.2, K27.4, K27.6, K28.0, K28.2, 
K28.4, K28.6, K29.0, K62.5, K63.1, K63.3, 

K92.0-K92.2, N02, R04, R31, R58, S06.3-

S06.6, S06.8 

    

Gastrointestinal 

bleeding 

D50.0, I85.0, I86.4, K22.1, K22.3, K22.6, 

K25.0, K25.2, K25.4, K25.6, K26.0, K26.2, 

K26.4, K26.6, K27.0, K27.2, K27.4, K27.6, 
K28.0, K28.2, K28.4, K28.6, K29.0, K62.5, 

K63.1, K63.3, K92.0-K92.2 

    

Intracranial bleeding I60-I62, S06.3-S06.6, S06.8     

Comorbidities      

Hypertension I10-I15 K85, 

K86, 

K87 

205 C03A, C03B, 

C03DB, C03EA, 

C07A, C08CA, 

C08D, C09 

 

Dyslipidemia E78 T93 206 C10  

Heart failure I50, I11.0, I13.0, I13.2 K77 201   

Diabetes E10-E14 T89, 

T90 

103, 215 A10  

Previous stroke I63, I64, I69.3-I69.8 K90    

Transient ischemic 
attack 

G45 K89    

Bleeding history D50.0, D62, D68.3, I60-I62, I69.0-I69.2, 

I85.0, I86.4, J94.2, K22.1, K22.3, K22.6, 

K25.0, K25.2, K25.4, K25.6, K26.0, K26.2, 

K26.4, K26.6, K27.0, K27.2, K27.4, K27.6, 

K28.0, K28.2, K28.4, K28.6, K29.0, K62.5, 

K63.1, K63.3, K92.0-K92.2, N02, R04, R31, 

R58, S06.2-S06.6, S06.8 

    

Alcohol abuse F10     

Renal failure or 

dialysis 

N18, Z49     

Liver cirrhosis or 

failure 

K70.2-K70.4, K71.7, K71.8, K72, K74     

Dementia F00-F03, G30     

Cancer     Any cancer registered in 

the Finnish Cancer 
Registry 

Coronary heart 

disease 

I21-I25     

Prior myocardial 

infarction 

I21-I22     

Psychiatric disorder F04-F99 

 
    

ATC, anatomic therapeutic chemical; ICD-10, International Classification of Diseases, Tenth 

Revision; ICPC-2, International Classification of Primary Care, Second Edition
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Table S2. Outcome hazard ratios of interaction terms between AS and anticoagulant 

exposures. 

Outcome AS x DOAC vs. VKA  p-value 

Any bleeding 0.98 (0.74-1.28) 0.885 

GI bleeding 0.95 (0.61-1.46) 0.818 

IC bleeding 1.43 (0.75-2.72) 0.277 

Ischemic stroke 0.62 (0.36-1.10) 0.093 

Mortality 1.16 (0.96-1.41) 0.130 

Hazard ratios estimated with the cause-specific hazards regression. VKA 

and DOAC exposures were treated as time-varying variables. 95% 

confidence intervals in parenthesis. AS, aortic stenosis; DOAC, direct oral 

anticoagulant; GI, gastrointestinal; IC, intracranial; VKA, vitamin K 

antagonist 
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Table S3. Baseline characteristics of patients with AS initiating DOAC or VKA therapy. 

 VKA DOAC p-value 

 n=2 413 n=872  

Age, years 78.8 (9.4) 79.1 (8.7) 0.34 

Cohort entry year 2012 (2.9) 2016 (1.6) <0.001 

Female sex 1 383 (57.3) 411 (47.1) 0.02 

Income quartiles   <0.001 

1st (lowest) 644 (26.7) 149 (17.1)  

2nd 614 (25.4) 195 (22.4)  

3rd  615 (25.5) 229 (26.3)  

4th (highest) 540 (22.4) 299 (34.3)  

Any vascular disease 1 075 (44.6) 373 (42.8) 0.37 

Diabetes 607 (25.2) 274 (31.4) <0.001 

Dyslipidemia 1 519 (63.0) 601 (68.9) <0.001 

Heart failure 843 (34.9) 236 (27.1) <0.001 

Hypertension 2 044 (84.7) 771  (88.4) 0.01 

Mitral regurgitation 321 (13.3) 111 (12.7) 0.67 

Prior TIA 119 (4.9) 79 (9.1) <0.001 

Abnormal liver function 5 (0.2) 1 (0.1) 0.58 

Abnormal renal function 144 (6.0) 42 (4.8) 0.21 

Alcohol use disorder 36 (1.5) 18 (2.1) 0.26 

Cancer 551 (22.8) 225 (25.8) 0.08 

Dementia 112 (4.6) 46 (5.3) 0.45 

Psychiatric disorder 204 (8.5) 116 (13.3) <0.001 

Modified HAS-BLED 

score 

2.5 (0.7) 2.7 (0.6) <0.001 

CHA2DS2-VASc score 4.2 (1.5) 4.2 (1.5) 0.21 

Values denote n (%) or mean (standard deviation). ACHA2DS2-VASc, congestive heart 
failure, hypertension, age ≥75 years, diabetes, history of stroke or TIA, vascular disease, 

age 65-74 years, sex category (female); DOAC, direct oral anticoagulant; modified HAS-

BLED score, hypertension, abnormal renal or liver function, prior stroke, bleeding history, 
age >65 years, alcohol abuse, concomitant antiplatelet/NSAIDs (no labile INR, max score 

8); TIA, transient ischemic attack; VKA, vitamin K antagonist. 
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Table S4. Outcome events within two-year follow-up from initiation of different OACs in 

patients with AS. 

Outcome Warfarin Rivaroxaban Apixaban Dabigatran Edoxaban 

 n= 2 413  n= 305  n= 409  n= 144  n= 14  

Number of events (%)     

Any bleeding 228 (9.4) 18 (5.9) 29 (7.1) 16 (11.1) 0 (0.0) 

GI bleeding 89 (3.9) 8 (2.6) 10 (2.4) 7 (4.9) 0 (0.0) 

IC bleeding 41 (1.7) 2 (0.7) 7 (1.7) 3 (2.1) 0 (0.0) 

Ischemic stroke 105 (4.4) 1 (0.3) 5 (1.2) 4 (2.8) 0 (0.0) 

Mortality 564 (23.4) 29 (9.5) 46 (11.2) 23 (16.0) 1 (7.1) 

Incidence rate per 100 patient-years    

Any bleeding 5.8 (5.1-6.6) 5.6 (3.7-8.6) 7.5 (5.2-10.8) 9.6 (6.1-15.3) 0 

GI bleeding 2.2 (1.8-2.7) 2.1 (1.0-4.2) 2.5 (1.4-4.7) 4.6 (2.4-8.8) 0 

IC bleeding 1.0 (0.7-1.4) 1.0 (0.4-2.8) 1.8 (0.8-3.7) 1.5 (0.5-4.7) 0 

Ischemic stroke 2.6 (2.1-3.1) 0.3 (0.4-1.8) 1.3 (0.5-3.0) 2.0 (0.8-5.4) 0 

Mortality 13.6 (12.6-14.8) 8.8 (6.3-12.3) 11.5 (8.6-15.4) 13.3 (9.1-19.3) 9.3 (1.3-65.7) 

AS, aortic stenosis; DOAC, direct oral anticoagulant; GI, gastrointestinal; IC, intracranial. 95% confidence intervals in 

parenthesis. Incidence rates estimated with Poisson regression.  
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Figure S1. Flow-chart of the patient selection process. 
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