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Effectiveness and Safety of NOAC Versus
Warfarin in Patients With Atrial Fibrillation
and Aortic Stenosis
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Thomas Decker Christensen "/, MD, DMSc, PhD; Gregory Y. H. Lip “=, MD;*
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BACKGROUND: Guideline recommendations on the use of non—vitamin K antagonist oral anticoagulants (NOACS) in atrial fibrilla-
tion (AF) patients with aortic stenosis are based on studies including a low number of patients with aortic stenosis. The aim of
this study was to estimate the effects of NOAC versus warfarin on thromboembolism and major bleeding among AF patients
with aortic stenosis.

METHODS AND RESULTS: We emulated a target trial using observational data from Danish nationwide registries between 2013
and 2018. Thromboembolism was defined as a hospital diagnosis of ischemic stroke and/or systemic embolism, and major
bleeding was defined as a hospital diagnosis of intracranial bleeding, gastrointestinal bleeding, or major or clinically relevant
bleeding in other anatomic sites. Treatment effect estimates were based on an intention-to-treat and per-protocol approach.
A total of 3726 patients with AF and aortic stenosis claimed a prescription for either a NOAC (2357 patients) or warfarin (1369
patients) and met the eligibility criteria for the trial. During 3 years of follow-up, the adjusted hazard ratios for thromboembolism
and major bleeding were 1.62 (95% ClI, 1.08-2.45) and 0.73 (0.59-0.91) for NOAC compared with warfarin in the intention-to-
treat analyses. Similar results were observed in the per-protocol analyses.

CONCLUSIONS: In this observational study, we observed a higher risk of thromboembolism but a lower risk of major bleeding for
treatment with NOACs compared with warfarin in patients with AF and aortic stenosis. This observation needs confirmation in
large randomized trials in these commonly encountered patients.
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(VHD) often coexist, and aortic stenosis is one

of the most prevalent VHD subtypes in devel-
oped countries,'® affecting a large proportion of the
elderly population.* The prevalence of both aortic ste-
nosis and AF increases with age, and the number of
patients diagnosed with aortic stenosis and AF will in-
crease considerably in line with the rapidly increasing
elderly population.>~” Approximately 16% to 36% of all
patients with aortic stenosis have concomitant AF, and

Atrial fibrillation (AF) and valvular heart disease

most of these patients are in lifelong thromboprophy-
laxis with oral anticoagulant therapy.38-'° Importantly,
patients with aortic stenosis have been identified as
a high-risk subgroup in terms of the risk of throm-
boembolism and bleeding in anticoagulated patients
with AF, which complicates the risk-benefit ratio of oral
anticoagulation."=4

Randomized, controlled trials have evaluated dif-
ferent oral anticoagulants, such as warfarin and non-
vitamin K antagonist oral anticoagulants (NOACs), for
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CLINICAL PERSPECTIVE

What Is New?

* In patients with atrial fibrillation and aortic ste-
nosis, non-vitamin K antagonist oral antico-
agulants may be less effective than warfarin
for preventing ischemic events but safer with
respect to bleeding.

What Are the Clinical Implications?

e Based on the findings of our study and incon-
sistent data in the literature on the effectiveness
and safety of non-vitamin K antagonist oral
anticoagulants versus warfarin in patients with
atrial fibrillation and aortic stenosis, the optimal
oral anticoagulant strategy remains unclear.

e The observed increased risk of thromboem-
bolism in the non-vitamin K antagonist oral
anticoagulants group in our study requires fur-
ther investigation because it was not observed
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.

Nonstandard Abbreviations and Acronyms

ITT intention-to-treat

NOAC Non-vitamin K antagonist oral
anticoagulant

PP Per protocol
VHD valvular heart disease

the prevention of thromboembolism in patients with
AF; however, these trials excluded patients with signifi-
cant VHD.'5~'® Patients with mechanical heart valves or
moderate to severe mitral stenosis were excluded in all
trials, and patients with any other VHD, such as aortic
stenosis, were minimally represented. Only a few post
hoc sub-analyses of the existing randomized, con-
trolled trials have examined patients with both AF and
VHD, and the proportion of patients with aortic ste-
nosis was underrepresented (6%-12%),'>'9" despite
aortic stenosis being one of the most prevalent VHDs
in recent patients with AF and VHD (17%-62% with
aortic stenosis).????* Consequently, the effectiveness
and safety of NOAC versus warfarin in AF patients with
aortic stenosis has not been specifically investigated,
although guidelines currently allow for use of NOACs
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in AF patients with aortic stenosis (and without a me-
chanical heart valve or concomitant moderate/severe
mitral stenosis).?%26

The aim of the present study was to emulate a tar-
get trial using observational data from Danish nation-
wide registries to estimate the effects of NOAC versus
warfarin on thromboembolism and major bleeding
among AF patients with aortic stenosis.

METHODS

Study Design and Data Sources

This study was conducted using the “target trial” prin-
ciples.?”?8 Briefly, we specified the protocol of a target
trial (@ hypothetical randomized experiment) to estimate
the effectiveness and safety of NOAC versus warfarin
in AF patients with aortic stenosis and then attempted
to emulate this trial using observational data from the
Danish nationwide registries. The specifications of
each component in the target trial and the emulated
trial are provided in Table S1.

Four Danish nationwide registries were used:
The Danish Civil Registration System,?® the National
Prescription Registry,® the Danish National Patient
Registry,®" and the Danish National Laboratory
Register. Data from these registries were linked via a
unique personal identification number, which is used
across all Danish nationwide registries. Data S1 pro-
vides a description of the registries.

Permissions to access data from the nationwide
registries were obtained through the Danish Health
Data Agency. Requests to access the data set may
be sent to The Danish Health Data Agency at forsker-
service@sundhedsdata.dk. Dr Melgaard, Mr Jensen,
and Dr Nielsen had full access to all the data in the
study and take responsibility for its integrity and the
data analysis. The study was conducted and reported
in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
recommendations.

Eligibility Criteria

We identified patients in the Danish nationwide regis-
tries who met the target trial eligibility criteria (Table S1).
The study population included patients with a first-time
prescription for a NOAC or warfarin (baseline date) and
a diagnosis of both AF and aortic stenosis at baseline
or within 30 days after baseline. To ensure that patients
were eligible for stroke prevention with oral anticoagu-
lant therapy according to contemporary guidelines,
a CHA,DS,-VASc score level threshold of >1 for male
and >2 for female patients was also an eligibility crite-
rion. Patients with other indications for oral anticoagu-
lant therapy or potential contraindications for NOAC
or warfarin treatment were excluded. Patients with


mailto:forskerservice@sundhedsdata.dk
mailto:forskerservice@sundhedsdata.dk

Melgaard et al

dispensation of both a NOAC and warfarin within the
first 30 days after baseline were excluded. Lastly, only
patients who were alive and event-free after the first
month were included due to the data setup and the
statistical methods used (see Figure 1 for a flowchart
of the study population). For details on the definition
of AF, aortic stenosis, contraindications, comorbidities,
and co-medication, please see Table S2.

Treatment Strategies

The Danish National Prescription Registry was used to
identify patients who redeemed a first-time prescrip-
tion for a NOAC (apixaban, dabigatran, rivaroxaban,
or edoxaban) or warfarin between January 2013 and
October 2018 (oral anticoagulation naive users only).
Patients were considered exposed to treatment irre-
spective of any subsequent dosage changes.

Outcomes

The effectiveness outcome was a hospital diagnosis
of ischemic stroke and/or systemic embolism defined
as a composite endpoint of “thromboembolism.” The
safety outcome was major bleeding leading to hospital
admission (either intracranial bleeding, gastrointesti-
nal bleeding, or major or clinically relevant bleeding in
other anatomic sites). For details about the definition of
the outcomes, please see Table S2.

Follow-Up Period

Each patient was followed up in the registries for the
outcomes of interest. Follow-up started 30 days after
treatment assignment (baseline) and ended at out-
come diagnosis, death, administrative end of follow-
up (8 years or December 2018), or emigration (loss to
follow-up), whichever occurred first.

Causal Contrasts

To compare the 2 treatment strategies, we estimated
the intention-to-treat (ITT) effect and per-protocol (PP)
effect.

Statistical Analysis
The baseline characteristics of the study population
were described according to treatment exposure cat-
egory (NOAC or warfarin) using means and standard
deviation for continuous variables, and proportions for
categorical variables. The exposure category (ie, NOAC
or warfarin) of each patient was based on the prescrip-
tion claim at the baseline date, and this category re-
mained unchanged throughout the study duration.
Counterfactual outcomes were investigated at
3 years and data arranged in such a way that each
patient-month was represented by a single row (max-
imum of 36 rows per individual, corresponding to
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3 years). To account for the non-randomization of the
treatment assignment, we derived stabilized inverse
probability of treatment weights. To compute these
weights, we estimated the propensity of being as-
signed each treatment by a logistic regression includ-
ing the following baseline confounding factors: age
(as a restricted cubic spline) and dichotomous co-
variates on sex, heart failure, hypertension, diabetes,
myocardial infarction, ischemic heart disease, renal
disease, prior bleeding, prior thromboembolic event,
diagnosis of atrial fibrillation, aortic stenosis or valve
surgery (including bioprosthetic valve implantation)
within 60 days before or 30 days after the baseline
date, and use of statin or antiplatelet therapy within
the last year.

The assessment of outcomes was based on an
ITT approach and a PP approach (please see de-
tails in Data S1). When estimating the ITT treatment
effects, treatment status was assessed at the date
of first prescription claim (NOAC or warfarin) and
remained unchanged throughout follow-up disre-
garding actual treatment. When estimating the PP
treatment effects, treatment status was assessed
continuously using a recommended daily dose and
quantity of pills per pack in each prescription (a 60-
day grace period between each prescription claim
was allowed). The variable dose regimen of warfarin
was modeled by continuous adaption of an (individ-
ual) estimated daily dose. Patients were considered
adherent to the initial treatment strategy (NOAC or
warfarin) unless a clinical event that fully or partly
contraindicated treatment or had a major clinical
impact on the anticoagulant therapy strategy oc-
curred. If such an event occurred, we stopped up-
dating the censoring weight for that patient, but kept
the patient in the analysis. For the ITT and PP anal-
yses, pooled logistic regression models were used
to estimate the average treatment effects by means
of hazard ratios (HRs) for the outcomes. In detail,
we derived odds ratios from pooled logistic regres-
sions, which are approximations of HRs when the
investigated outcome is rare in all time intervals.®?
The calculated stabilized inverse probability of treat-
ment weights were applied in pooled logistic regres-
sion models. For the PP analyses, we calculated
stabilized inverse probability of censoring weights
to account for the dependence between measured
post-baseline time-varying prognostic factors (heart
failure, hypertension, diabetes, ischemic heart dis-
ease, myocardial infarction, and use of statin or
antiplatelet therapy [all included as dichotomous
covariates]) and censoring, and these weights were
multiplied by the stabilized inverse probability of
treatment weights of baseline confounding factors
and applied in the weighted pooled logistic regres-
sion models to estimate the PP treatment effects.34
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In addition, standardized event-free survival curves
were constructed, which depict the estimated coun-
terfactual event-free survival had every individual re-
ceiving either treatment. All statistical analyses were
performed using SAS 9.3 (SAS Institute) and Stata
version 16 (StataCorp LP).

Sub-Analysis and Sensitivity Analyses
Some patients had an aortic valve surgery/procedure
before inclusion in the study, which may affect the
treatment effects, especially if the surgery/procedure
was performed close to the baseline date. Therefore,
we performed a sub-analysis in which we restricted
the population to the following subpopulations and re-
peated the main analyses: (1) those who had an aor-
tic valve surgery/procedure within 60 days before or
30 days after baseline, (2) those who had an aortic
valve surgery/procedure at any time before or 30 days
after baseline, and (3) those who never had an aortic
valve surgery/procedure.

Oral Anticoagulation in AF With Aortic Stenosis

Two sensitivity analyses were performed to inves-
tigate the robustness of the analytical strategy in the
main analyses. We performed a sensitivity analysis of
the PP analysis in which we changed the assessment of
continuous treatment status by allowing a grace period
of 90 days as a treatment gap. Additionally, 2 “falsifica-
tion outcomes” were examined, which were expected
to have a null association with the exposure.®® In detail,
we emulated an individual target trial with pneumonia
as the outcome and an individual target trial with can-
cer as the outcome using the described features from
the ITT analyses.

Ethical Considerations

The study was conducted in compliance with General
Data Protection Regulation Article 30, recorded at
Aalborg University Hospital and Aalborg University (pro-
ject no. 2017-40). No ethical approval or patient consent
are required for studies based on data from administra-
tive Danish registries according to Danish laws.

5,303 potential trial
participants with atrial
fibrillation and aortic stenosis
in oral anticoagulant therapy
identified in the registries

v

Exclusion criteria:

- 890: Prior use of oral anticoagulant therapy.

- 78: Dispensation of two different oral anticoagulant agents within
the first month.

-79: CHA,DS,-VASc score <1 for males and <2 for females.

- 113: Other indications for oral anticoagulant treatment,
including: A diagnosis of venous thromboembolism within
the last year or more than one diagnosis of venous
thromboembolism previously; total hip or knee arthroplasty
within last three months.

- 417: Potential contraindications for NOAC treatment,
including: Mitral stenosis; any mechanical heart valve
replacement; cancer within last 6 months; or severe renal
insufficiency defined by creatinine clearance <15 mL/min,
prior dialysis, or kidney transplantation.

3,726 eligible patients with
atrial fibrillation and aortic
stenosis in oral anticoagulant
therapy

2,357 patients initiating oral
anticoagulant therapy with a
NOAC

1,369 patients initiating

warfarin

anticoagulant therapy with

oral

Figure 1.
CHA,DS,-VASc indicates congestive heart failure, hypertension, ag

Flowchart of eligible patients to emulate the target trial.

e 275 years [doubled], diabetes, prior stroke/transient ischemic

attack/systemic embolism [doubled], vascular disease [prior myocardial infarction, peripheral artery disease, or aortic plaque], age

65-74 years, sex category [female]; and NOAC, non-vitamin K antag
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RESULTS

Of 5303 patients with AF and aortic stenosis who
claimed a prescription for either a NOAC or warfarin
between January 2013 and October 2018, 3726 were
eligible for the target trial emulation (Figure 1). The
study group comprised 1369 patients who claimed a
prescription for warfarin and 2357 patients claimed a
prescription for a NOAC: apixaban, 1105; dabigatran,
323; edoxaban, 38; and rivaroxaban, 891. The baseline
characteristics of the study population are summarized
in Table 1.

Effectiveness Outcome

During a median follow-up of 14 months (interquartile
range [IQR]: 6-23 months), 113 thromboembolic events
were observed. In the ITT analysis, the adjusted HR for
thromboembolism was 1.62 (95% ClI, 1.08-2.45) for
NOACs compared with warfarin (Table 2). In the ITT
analysis, the estimated 3-year thromboembolic-free
survival was 94.0% for NOACs and 96.0% for warfarin
(Figure 2).

Inthe PP analysis, the medianfollow-up was 11 months
(IQR: 5-20 months), and 81 events were observed. A
total of 3079 patients (82.6%) had a censoring event.
The adjusted HR for thromboembolism was 1.92 (95%
Cl, 1.11-3.30) for NOACs compared with warfarin in the
PP analysis. In the PP analysis, the estimated 3-year
thromboembolic-free survival was 93.9% for NOACs
and 97.0% for warfarin (Figure 2).

Safety Outcome

During a median follow-up of 13 months (IQR:
6-23 months), 355 major bleeding events were ob-
served: 66 intracranial bleeds, 176 gastrointestinal
bleeds, and 121 major or clinically relevant bleeds in
other anatomic sites (some patients had more than
one bleeding event on the same day). In the ITT anal-
ysis, the adjusted HR for major bleeding was 0.73
(95% Cl, 0.59-0.91) for NOACs compared with warfa-
rin (Table 2). In the ITT analysis, the estimated 3-year
major bleeding-free survival was 87.6% for NOACs and
83.6% for warfarin (Figure 3).

In the PP analysis, the median follow-up was 11 months
(IQR: 5-20 months), and 282 major bleeding events
were observed: 53 intracranial bleeds, 143 gastrointes-
tinal bleeds, and 90 major or clinically relevant bleeds
in other anatomic sites (some patients had more than
one bleeding event on the same day). A total of 2931
patients (78.7%) had a censoring event. The adjusted
HR for major bleeding was 0.78 (95% CI: 0.60-0.99)
for NOACs compared to warfarin in the PP analysis. In
the PP analysis, the estimated 3-year major bleeding-
free survival was 87.4% for NOACs and 85.1% for war-
farin (Figure 3).
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Table 1. Baseline Characteristics of Eligible Patients to
Emulate the Target Trial
Warfarin NOAC

N (%) 1369 2357

Women, n (%) 590 (43.1) 1170 (49.6)

Age in years, median (IQR) 79 (73-85) 82 (75-88)

Days since diagnosis of AF, 15 (6-235) 11 (4-170)

median (IQR)

Days since diagnosis of aortic 360 (23-1528) 515 (18-1780)

stenosis, median (IQR)

Previous aortic valve 432 (31.6) 497 (21.1)

intervention®, n (%)

Days since aortic valve 22 (13-100) 67 (17-1104)

intervention, median (IQR)

Year of inclusion:
2013, n (%) 393 (28.7) 197 (8.4)
2014, n (%) 364 (26.6) 310 (13.2)
2015, n (%) 285 (20.8) 379 (16.1)
2016, n (%) 202 (14.8) 484 (20.5)
2017, n (%) 97 (7.1) 570 (24.2)
2018, n (%) 28 (2.0) 417 (17.7)

Comorbidities: n (%)
Heart failure 670 (48.9) 1008 (42.8)
Hypertension 957 (69.9) 1616 (68.6)
Diabetes 290 (21.2) 429 (18.2)
Prior thromboembolic event 276 (20.2) 571 (24.2)
Prior major bleeding event 272 (19.9) 500 (21.2)
Vascular disease 448 (32.7) 658 (27.9)
Prior myocardial infarction 270 (19.7) 380 (16.1)
Ischemic heart disease 599 (43.8) 881 (37.4)
Prior percutaneous coronary 181 (13.2) 295 (12.5)
intervention
Prior coronary artery bypass 206 (15.0) 231 (9.8)
grafting
Alcohol abuse 53 (3.9) 109 (4.6)
Chronic obstructive 231 (16.9) 430 (18.2)
pulmonary disorder
Chronic kidney disease 159 (11.6) 152 (6.4)
CHA,DS,-VASc score, 4.0 (3.0-5.0) 4.0 (3.0-5.0)
median (IQR)
HAS-BLED score, median 3.0 (2.0-4.0) 3.0 (2.0-4.0)
(IQR)

Co-medication: n (%)

NOAC agent:
Apixaban 1105 (46.9)
Dabigatran 328 (13.7)
Edoxaban 38 (1.6)
Rivaroxaban 891 (37.8)
Aspirin 765 (55.9) 1185 (50.3)
Other antiplatelet therapy 224 (16.4) 472 (20.0)
Beta-blockers 639 (46.7) 991 (42.0)
ARB/ACE-inhibitors 755 (55.1) 1265 (53.7)
Calcium channel blockers 519 (37.9) 863 (36.6)

(Continued)
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Table 1. Continued

Warfarin NOAC
Amiodarone 48 (3.5) 44 (1.9)
Digoxin 93 (6.8) 135 (5.7)
Non-loop diuretics 600 (43.8) 1012 (42.9)
Loop diuretics 5583 (40.4) 838 (35.6)
NSAIDs 225 (16.4) 406 (17.2)
Statins 763 (55.7) 1184 (50.2)

ACE indicates angiotensin-converting enzyme; AF, atrial fibrillation; ARB,
angiotensin Il receptor blocker; IQR, Interquartile range; and N, Number.

*Primarily bioprosthetic aortic valve replacement.

fPatients with a redeemed prescription within 180 days prior to or 30 days
after the diagnosis of atrial fibrillation.

Sub-Analysis and Sensitivity Analyses

In the sub-analysis, we restricted the population to
512 patients who had an aortic valve surgery/proce-
dure within 60 days before or 30 days after baseline,
888 patients who had an aortic valve surgery/proce-
dure at any time before or 30 days after baseline, and
2838 patients who never had an aortic valve surgery/
procedure. We observed too few events in the 2 sub-
populations with a history of valve surgery/procedure
to perform the pre-planned analyses. However, we re-
peated the main analyses in the patients with no prior
aortic valve surgery/procedure (ie, patients with native
aortic stenosis) and found similar results as in the main
analysis (Table S3).

In the sensitivity analysis, allowing a 90-day treat-
ment gap in the estimate of continuous treatment, we
observed similar results as in the main analysis. The
PP analysis yielded an adjusted HR for thromboem-
bolism of 1.87 (95% ClI, 1.12-3.10) and an adjusted HR
for major bleeding of 0.71 (95% CI, 0.56-0.90). The
estimated 3-year survivals were materially unchanged,
and reflecting results found in the main analysis (data
not shown).

In the “falsification outcome” analyses using the ITT
approach, the adjusted HR for the pneumonia out-
come was 0.94 (95% Cl, 0.80-1.11) for NOACs com-
pared with warfarin and the adjusted HR for the cancer
outcome was 1.15 (95% CI, 0.91-1.44) for NOACs
compared with warfarin.

DISCUSSION

In this study, we used observational data to emulate a
target trial estimating the average treatment effects of
NOAC versus warfarin on thromboembolism and major
bleeding among patients with AF and aortic stenosis.
We observed a significantly higher risk of thromboem-
bolism in the NOAC group compared with the warfarin
group in both the ITT and PP analyses. In addition, we
observed a significantly lower risk of major bleeding in
the NOAC group compared with the warfarin group.

J Am Heart Assoc. 2021;10:e022628. DOI: 10.1161/JAHA.121.022628

Oral Anticoagulation in AF With Aortic Stenosis

Table 2. Treatment Effects of NOAC Versus Warfarin on
Thromboembolism and Bleeding After 3 Years of Follow-Up

Intention-to-treat
analysis Per-protocol analysis
Analytical
strategy Warfarin | NOAC Warfarin | NOAC
Thromboembolism
Event count | 36 7 19 62
HR (95% Cl) | Ref. 1.62 Ref. 1.92 (1.11-3.30)
(1.08-2.45)
Major bleeding®
Event count | 171 184 119 163
HR (95% Cl) | Ref. 0.73 Ref. 0.78
(0.59-0.91) (0.60-0.99)

HR indicates hazard ratio; and NOAC, non-vitamin K antagonist oral
anticoagulant.

*Composite of intracranial bleeding, gastrointestinal bleeding, and major
or clinically relevant bleeding in other anatomic sites.

Large randomized, controlled trials evaluating the
efficacy and safety of NOACs versus warfarin for pre-
vention of thromboembolic events in patients with AF
demonstrated that the NOACs are associated with
similar or lower rates of both ischemic stroke and major
bleeding and less than half the risk of intracranial hem-
orrhage compared with adjusted dose warfarin.!-18
Previous post hoc studies of these randomized, con-
trolled trials examining NOACs versus warfarin in an-
ticoagulated patients with AF with and without VHD
generally observed comparable outcomes of stroke
or systemic embolism and major bleeding in patients
treated with regular doses of NOACs and patients
treated with warfarin, with the exception of 20 mg ri-
varoxaban, which was associated with higher rates of
major bleeding compared with warfarin.'>'9?" Data on
outcomes comparing NOACs to warfarin in AF patients
with aortic stenosis have only been reported in 2 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.'??°
In the post hoc analysis of the ROCKET AF trial, which
included 214 AF patients with aortic stenosis,'? AF pa-
tients with aortic stenosis on 20 mg rivaroxaban daily
had similar stroke or systemic embolism rates com-
pared to patients on warfarin (HR not reported) but
higher rates of major bleeding (HR, 1.73; 95% Cl, 0.73—
4.12) and major bleeding/non-major clinically relevant
bleeding (HR, 1.18; 95% ClI, 0.70-1.97). In the post hoc
analysis of the ARISTOTLE trial, which included 1150
AF patients with aortic valve disease, 384 of which had
aortic stenosis,?® AF patients with aortic valve disease
on 5 mg apixaban twice daily had lower risk of stroke
or systemic embolism (HR, 0.55; 95% CI, 0.30-1.01)
and major bleeding (HR, 0.72; 95% CI, 0.44-1.18)
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Intention-to-treat analysis

99

97 98

Thromboembolism-free survival probability
.96

95

=
Q I I I I I I I I I I I I I I
0 6 12 18 24 30 36 0 6 12 18 24 30 36
Months of follow-up Months of follow-up
Warfarin — — — - NOAC Warfarin — — — - NOAC

Per-protocol analysis

Figure 2. Standardized survival curve free from thromboembolic events.
Thromboembolism-free survival probability according to treatment strategy (NOAC or warfarin) for the intention-to-treat analysis and
the per-protocol analysis. NOAC indicates non-vitamin K antagonist oral anticoagulant.

compared with patients on warfarin. In these 2 post
hoc trials,'?° the finding of a lower or similar risk of
thromboembolism in the NOAC group compared with
the warfarin group is different from the findings in our
study, where we observed a significantly higher risk of
thromboembolism in the NOAC group compared with
the warfarin group (HR, 1.62; 95% ClI, 1.08-2.45 in ITT
analysis; HR, 1.92; 95% ClI, 1.011-3.30 in PP analy-
sis). This observation may be explained by the non-
randomized setup in our study, though, we derived
stabilized inverse probability of treatment weights to
account for the non-randomization of the treatment
assignment, and the falsification outcome analyses
revealed minimal risk of residual bias. Therefore, our
observation could also reflect an actual increased risk
of thromboembolism in the NOAC group.

The trial subgroups were small and the Cls wide,
and recent studies examining the effectiveness
and safety of NOAC versus warfarin in AF patients
with aortic stenosis undergoing transcatheter aor-
tic valve replacement also observed an increased
risk of thromboembolism in the NOAC group®® and
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rivaroxaban-related safety concerns.®” Furthermore,
our study may better mirror the clinical reality, as we
included a more diverse group of patients with AF and
aortic stenosis than the ARISTOTLE and ROCKET AF
trials.

The finding of major bleeding in our study is in
line with the findings of the post hoc analysis in the
ARISTOTLE trial, as we also observed a lower risk of
major bleeding in the NOAC group compared with the
warfarin group (HR, 0.73;95% ClI, 0.59-0.91 in ITT
analysis; HR, 0.78; 95% CI, 0.60-0.99 in PP analy-
sis). In the ROCKET AF trial, the higher rates of major
bleeding in patients treated with rivaroxaban were also
observed in patients with other VHDs'; thus, the in-
creased risk of major bleeding associated with rivarox-
aban could be clinically important in patients with VHD,
though we observed a considerably lower risk of major
bleeding in the NOAC group in our study (38.0% of the
patients in the NOAC group were in oral anticoagulant
therapy with rivaroxaban).

Unfortunately, our data did not allow us to examine
each NOAC agent or dose individually because of the
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Figure 3. Standardized survival curve free from major bleeding events.
Major bleeding-free survival probability according to treatment strategy (NOAC or warfarin) for the intention-to-treat analysis and the
per-protocol analysis. NOAC indicates non-vitamin K antagonist oral anticoagulant.

limited sample size. In our study, the proportion of pa-
tients in the NOAC group using apixaban was 46.8%,
so our findings are mainly driven by therapy with apix-
aban or rivaroxaban. The proportion of patients in
oral anticoagulant therapy with either dabigatran or
edoxaban was low (13.7% and 1.6%, respectively) and
randomized and observational data on outcomes of
dabigatran and edoxaban in patients with AF and aor-
tic stenosis are lacking in general.

Clinical Implications and Future Directions
International guidelines for patients with AF recommend
NOAC as an alternative to warfarin in patients with na-
tive VHD, including aortic stenosis.?>?% However, these
guideline recommendations on the use of NOAC in AF
patients with aortic stenosis are based on post hoc
trial analyses including a small and widely underrepre-
sented number of patients with aortic stenosis.’'9-"
Furthermore, the results of these post hoc analyses were
inconsistent, as outlined above.'??° Generally, caution is
warranted when interpreting post-hoc trial analyses.®®
The observations in our study suggest that NOAC
may be less effective than warfarin for preventing
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ischemic events, but safer with respect to bleeding,
in the population with AF and aortic stenosis. Thus,
individual assessment of the thromboembolic risk and
bleeding risk in this population might be necessary
before deciding which oral anticoagulant agent the
patient should be prescribed. Generally, the clinician
should be aware of the overall increased risk of throm-
boembolism and bleeding in this typically aged, multi-
morbid population.

Based on the findings of our study and the exist-
ing inconsistent data on the effectiveness and safety
of NOAC versus warfarin in patients with AF and aor-
tic stenosis, the optimal oral anticoagulant strategy is
not clear at this point and more research is necessary.
Similarly, the safety of every NOAC agent is question-
able because rivaroxaban may be associated with an
increased risk of major bleeding and major bleeding/
non-major clinically relevant bleeding in patients with
AF and aortic stenosis,’® whereas apixaban seems
to be associated with an appealing safety profile®®
but data on dabigatran and edoxaban are lacking.
Importantly, the observed increased risk of thrombo-
embolism in the NOAC group in our study requires
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further investigation, preferably in a large randomized
trial, as this finding was not observed in the post hoc
analyses of the ROCKET AF and ARISTOTLE trials.'?2°

Strengths and Limitations

We examined the effect of NOAC versus warfarin on
thromboembolism and bleeding using the “target trial”
principle,?” which has the advantage of avoiding com-
mon pitfalls that occur when conducting comparative
effectiveness analyses using observational data.?”3°
Due to the non-randomized design, all confounding
factors may not have been accounted for; for example,
lifestyle factors were not available in the registries we
utilized.

The diagnoses of AF and aortic valve disease have
been validated with positive predictive values of 93%
and 98%, respectively.*9-4? Patients with aortic steno-
sis is a broad group of patients with varying severity
of valve disease. We did not have access to echocar-
diographic data or individual blood pressure measure-
ments; therefore, we did not have information about
the severity of aortic stenosis or degree of hemody-
namic influence.

The diagnoses of ischemic stroke and intracranial
hemorrhage have been validated with positive predic-
tive values of 80%-90% and 88%, respectively.43-45
No validation studies for the diagnoses of other major
bleedings currently exist. However, we examined only
diagnoses of major bleeding leading to a hospital ad-
mission to ensure that the bleeding was truly major
and clinically relevant.*® By this approach, bleeds reg-
istered in outpatients were not examined, but some of
these bleeds could have been clinically relevant.

We observed an increase in NOAC users and a
decrease in warfarin users during the years of inclu-
sion, which are in line with observations in other AF
populations.*”4 NOAC has gradually become the
preferred oral anticoagulant drug in patients with AF,
both among new-users and prevalent users.*”*8 In our
study, we only included patients with a first-time pre-
scription of any oral anticoagulant agent, and, there-
fore, the increase in NOAC users in our study reflects
the increased use of NOAC as the first choice of oral
anticoagulant agent in new-users and not the switch
to NOACs among prevalent users (which may have a
different clinical profile and risks of adverse events than
new-users). However, the lack of randomization in our
study is a major limitation and, therefore, our findings
need confirmation in large prospective randomized
trials.

CONCLUSIONS

In this observational study, we observed a higher risk
of thromboembolism but a lower risk of major bleed-
ing for treatment with NOACs compared with warfarin
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in patients with AF and aortic stenosis. This observa-
tion needs confirmation in large, randomized trials in
these commonly encountered patients. Importantly,
the clinician must be aware of the increased risk of
thromboembolism and bleeding in this population in
general.
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SUPPLEMENTAL MATERIAL



Data S1.

Supplemental Methods

Study design and data sources

This study was conducted using the ‘target trial’ principles.(23) Briefly, we specified the protocol of
a target trial (a hypothetical randomized experiment) to estimate the effectiveness and safety of
NOAC vs. warfarin in atrial fibrillation patients with aortic stenosis and then attempted to
emulate this trial using observational data from the Danish nationwide registries. This
approach has the advantage of avoiding pitfalls that can occur when conducting comparative
effectiveness analyses using observational data.(35) The specifications of each component in the

target trial and the emulated trial are provided in Table S1.

Longitudinal observational data from four Danish nationwide registries was used: i)The Danish
Civil Registration System, which holds information on sex, date of birth, vital and emigration status
of all persons living in Denmark,(25) ii) the National Prescription Registry,(26) which contains data
on all prescriptions dispensed from Danish pharmacies, coded according to the Anatomical
Therapeutic Chemical (ATC) Classification System, iii) the Danish National Patient Registry,
(27) which has registered dates of hospital admissions and discharges, outpatient and emergency
room contacts, and discharge diagnoses classified according to the 10" revision of the
International Classification of Diseases (ICD) for more than 99% of hospital admissions in
Denmark, 1iv) the Danish National Laboratory Register, which includes information on
laboratory values from 4 out of 5 regions in Denmark. The Danish National Patient Registry also
holds information about surgical procedures and clinical examinations coded according to the
Danish version of the Nordic NOMESCO Classification of Surgical Procedure provided by the
Danish Health Data Agency. Data from these registries were linked via a unique personal

identification number, which is used across all Danish national registries.



Eligibility criteria

We identified patients in the Danish nationwide registries who met the target trial eligibility criteria
(Table S1). The study population included patients with a diagnosis of both atrial fibrillation and
aortic stenosis at baseline or within 30 days after baseline; both diagnoses could be primary or
secondary diagnoses given during a hospital admission or at an outpatient clinic. To ensure that
patients were eligible for stroke prevention with oral anticoagulant therapy according to
contemporary guidelines,(28) a CHA2DS,-VASc score level threshold of >1 for males and >2 for
females was also an eligibility criterion. The score is comprised of congestive heart failure,
hypertension, age >75 years [doubled], diabetes mellitus, prior stroke/transient ischemic
attack/systemic embolism [doubled], vascular disease [prior myocardial infarction, peripheral artery
disease, or aortic plaque], age 65-74 years, sex category [female].

Patients with other indications for oral anticoagulant therapy were excluded, such as patients with a
venous thromboembolism within the last year (or more than one previous diagnosis of venous
thromboembolism) and patients undergoing knee/hip surgery within the last 3 months. Patients with
potential contraindications for NOAC or warfarin treatment were excluded, including patients with
mitral stenosis, any mechanical heart valve replacement, registered cancer diagnosis within the last 6
months (to reflect active cancer), or severe renal insufficiency (defined by creatinine clearance <15
mL/min, prior dialysis, or kidney transplantation). Patients with dispensation of both a NOAC and
warfarin within the first 30 days after baseline were excluded. Lastly, only patients who were alive
and event-free after the first month were included (see Figure 1 for a flowchart of the
study population). See Table S2 for details on the definition of atrial fibrillation, aortic stenosis,

contraindications, comorbidities, and co-medication.



Outcomes

The effectiveness outcome was a hospital diagnosis of ischemic stroke and/or systemic embolism
defined as a composite endpoint of ‘thromboembolism’. Given the severity of the diagnosis of
ischemic stroke/systemic embolism, we only considered events if the patient was admitted to the
hospital. Additionally, we only considered primary diagnoses of thromboembolism. An event of
‘unspecified stroke’ was included as an outcome since outcome adjudication assessment was not
performed and since most strokes coded as such are of ischemic origin.(40) The safety outcome was
a major bleeding leading to hospital admission (either intracranial bleeding, gastrointestinal bleeding,
major or clinically relevant bleeding in other anatomic sites). We did not consider outpatient
diagnoses for this outcome, but both primary and secondary inpatient diagnoses of major bleeding
were included because of clinical coding practice. For both the effectiveness and safety outcomes,
emergency room codes were not included due to a general low positive predictive value (see Table

S2 for details about the definition of the outcomes).

Follow-up period
Each patient was followed up in the registries for the outcomes of interest. Follow-up started 30 days
after treatment assignment (baseline) and ended at outcome diagnosis, death, administrative end of

follow-up (3 years or December 2018), or emigration (loss to follow-up), whichever occurred first.

Treatment strategies
The Danish National Prescription Registry were used to identify patients who redeemed a first-time
prescription for a NOAC (apixaban, dabigatran, rivaroxaban, or edoxaban) or warfarin between

January 2013 and October 2018 (oral anticoagulation naive users only). The date of first prescription



claim was used as the baseline date. Shift between NOAC agents and/or changes in dosage during
follow-up were left to the treating physician’s discretion. Treatment groups were assumed
exchangeable at baseline conditional on covariates that could confound the exposure-outcome

association.

Causal contrasts
To compare the two treatment strategies, we estimated the intention-to-treat (ITT) effect and per-

protocol (PP) effect.

Statistical analysis

The baseline characteristics of the study population were described according to treatment exposure
category (NOAC or warfarin), using means and standard deviation for continuous variables, and
proportions for categorical variables. The exposure category (i.e. NOAC or warfarin) of each patient
was based on the prescription claim at the baseline date, and this category remained unchanged
throughout the study duration.

Counterfactual outcomes were investigated at 3 years and data were arranged such that each patient-
month was represented by a single row (maximum of 36 rows per individual, corresponding to 3
years). To account for the non-randomization of the treatment assignment, we derived stabilized
inverse probability of treatment weights (IPTW). To compute these weights, we estimated the
propensity of being assigned each treatment by a logistic regression including the following baseline
confounding factors: age (as a restricted cubic spline) and dichotomous covariates on sex, heart
failure, hypertension, diabetes, myocardial infarction, ischemic heart disease, renal disease, prior
bleeding, prior thromboembolic event, diagnosis of atrial fibrillation within 60 days before or 30 days

after the baseline date, diagnosis of aortic stenosis within 60 days before or 30 days after the baseline



date, valve surgery including bioprosthetic valve implantation within 60 days before or 30 days after
the baseline date, and use of statin or antiplatelet therapy within the last year.

The assessment of outcomes was based on an ITT approach and a PP approach (see details in the
following sections). When estimating the ITT treatment effects, treatment status remained unchanged
throughout follow-up disregarding actual treatment. When estimating the PP treatment effects,
continuous treatment status was assessed using a recommended daily dose and quantity of pills per
pack in each prescription (a 60-day grace period between each prescription claim was allowed). The
variable dose regimen of warfarin was modeled by continuous adaption of an (individual) estimated
daily dose. Patients were considered adherent to the initial treatment strategy (NOAC or warfarin)
unless a clinical event that fully or partly contraindicated treatment or had a major clinical impact on
the anticoagulant therapy strategy occurred. Such an event included primary diagnoses/codes for the
following diseases or procedures: chronic kidney disease or procedure code for dialysis, cancer, mitral
stenosis, procedure code for any mechanical heart valve replacement or any other valve surgery,
major bleeding (when investigating the thromboembolic outcome), or thromboembolism (when
investigating the major bleeding outcome). If such an event occurred, we stopped updating the
censoring weight for that patient, but kept the patient in the analysis. Statistical analyses were

performed using SAS 9.3 (SAS Institute) and Stata version 16 (StataCorp LP).

Intention-to-treat analyses

Pooled logistic regression models were used to estimate the average treatment effects by means of
hazard ratios (HRs) for the effectiveness and safety outcomes (with the warfarin group used as
reference). In detail, we derived odds ratios from pooled logistic regressions, which are
approximations of HRs when the outcome investigated is rare in all time intervals.(29) The baseline

hazard rate function was estimated by a linear and a quadratic term of months of follow-up in the



study. In the adjusted analyses, the calculated IPTWSs were applied in the weighted pooled logistic
regression models. The risks of the effectiveness and safety (counterfactual) outcomes in both
treatment groups were also estimated through the weighted pooled logistic regressions models with
the additional inclusion of interaction terms on treatment exposure and time variables (in order to
construct standardized event-free survival curves, which depict the estimated counterfactual event-

free survival had every individual receiving either treatment).

Per-protocol analyses
For the PP analyses, a similar approach was used as in the ITT approach with the addition of

administratively censoring follow-up if/when subjects deviated from their initial treatment. Because
this censoring may be informative if post-baseline time-varying prognostic factors are not included
into the analytic strategy, we calculated stabilized inverse probability of censoring weights to account
for the dependence between measured post-baseline time-varying prognostic factors and
censoring.(30) To compute these weights, we estimated the propensity of being censored by a logistic
regression including post-baseline time-varying prognostic factors (heart failure, hypertension,
diabetes, ischemic heart disease, myocardial infarction, and use of statin or antiplatelet therapy (all
included as dichotomous covariates)) for each patient month. The calculated weights to account for
this censoring process were multiplied by the IPTWs of baseline confounding factors and applied in
the weighted pooled logistic regression models to estimate the PP treatment effects. Similarly, as in

the ITT approach, the per-protocol standardized event-free survival curves were also estimated.

Sub-analysis and sensitivity analyses
Some patients had an aortic valve surgery/procedure before inclusion in the study, which may affect
the treatments effects, especially if the surgery/procedure were performed close to the baseline date.

Therefore, we performed a sub-analysis in which we restricted the population to the following



subpopulations and repeated the main analyses: i) those who had an aortic valve surgery/procedure
within 60 days before or 30 days after baseline, ii) those who had an aortic valve surgery/procedure
at any time before or 30 days after baseline, and iii) those who never had an aortic valve
surgery/procedure.

Two sensitivity analyses were performed to investigate the robustness of the analytical strategy in the
main analyses. In the PP analysis, a grace period of 60 days was allowed. However, we performed a
sensitivity analysis in which we changed the assessment of continuous treatment status by allowing
a grace period of 90 days as treatment gap. Additionally, two ‘falsification outcomes’ were examined,
which were expected to have a null association with the exposure.(31) In detail, we emulated an
individual target trial with pneumonia as the outcome and an individual target trial with cancer as the

outcome using the described features from the ITT analyses.



Table S1. Specifications of the target trial and the emulated trial using observational

data.

Protocol
component

Target trial specifications

Emulated trial specifications

Eligibility criteria

Diagnosis of both atrial fibrillation
and aortic stenosis.

Age >18 years.

A CHA2DS,-VASc score >1 for
males, and >2 for females.

No previous prescription of oral
anticoagulants (oral anticoagulant
naive participants).

No other indications for oral
anticoagulant treatment, including:

e A diagnosis of venous
thromboembolism within the last
year or several diagnoses at
earlier times.

e Knee or hip procedure within last
three months.

Potential contraindications for
NOAC treatment, including:

e Diagnosis of mitral stenosis or
heart valve replacement.

e Cancer diagnosis within last 6
months.

e Renal insufficiency defined as
creatinine clearance <15 mL/min,
prior dialysis, or kidney
transplantation.

Same as for target trial with the following
specifications:

Residents of Denmark for at least 1 year and
with valid identifier information between
January 2013 and October 2018.

Diagnosis of atrial fibrillation before first
prescription claim or up to 30 days later
(using ICD-10 codes, both primary and
secondary diagnoses given during
hospitalization or in outpatient clinics) [see
Table S2 for details].

Diagnosis of aortic stenosis before first
prescription claim or up to 30 days later
(using ICD-10 codes, both primary and
secondary diagnoses given during
hospitalization or in outpatient clinics) [see
Table S2 for details].

Exclude participants with dispensation of
both a NOAC and warfarin within the first
30 days after baseline.

Other indications for oral anticoagulant
treatment or potential contraindications were
defined on the basis of recorded ICD-10
codes or procedure codes [see Table S2 for
details].

Treatment strategies

1. Initiation of warfarin
2. Initiation of a NOAC
(apixaban, edoxaban,
dabigatran, or rivaroxaban)
The treatment strategy allows for
shift in NOAC agent or dosage after
initial assignment (left to physician’s
discretion).
Patients were considered adherent to

the initial treatment strategy unless a
clinical event that fully or partly

First prescription claim of either:
warfarin (ATC: BO1AA) or

NOAC (ATC: BO1AEO7; BO1AF01,;
BO1AF02; or BO1AF03).

Shift between NOAC agents or dosage during
follow-up was allowed.

Same accepted reasons for treatment non-
adherence as in target trial (using ICD-10
codes or procedure codes to identify these
deviations) [see Table S2 for details].




contraindicated treatment or had a
major clinical impact on the
anticoagulant therapy strategy
occurred., including:

e Development of chronic kidney
disease or need for dialysis.

e Primary diagnosis of cancer.

e Diagnosis of mitral stenosis.

e Mechanical heart valve
replacement.

e Any valve-related operation.

e Major bleeding (for the
effectiveness outcome).

e Thromboembolism (for the
safety outcome).

Assignment Study participants were randomly The exposure category (i.e. NOAC or
procedure assigned to receive either warfarin or | warfarin) of each study participant was based
a NOAC. The participants and on first prescription claim during the study
investigators were aware of the period, and this category remained unchanged
treatment (no blinding). throughout the study duration.
Randomization was emulated by estimating
stabilized inverse probability of treatment
weights to adjust for pre-baseline prognostic
factors [see details in Statistical methods].
Follow-up For each participant, follow-up Same as for the target trial, but follow-up
started at treatment assignment and | started at prescription claim using ATC
ended at diagnosis of outcome, codes. Information of follow-up were
death, administrative end of follow- | obtained from the registries.
up (3 years or December 2018), or
emigration (loss to follow-up),
whichever occurred first.
Outcomes Effectiveness outcome: A diagnosis | Same as for target trial with the following
definitions of ischemic stroke and/or systemic specifications:

embolism defined as a composite
endpoint of ‘thromboembolism’
leading to a hospital admission.

Safety outcome: A diagnosis of
major bleeding (either intracranial
bleeding, gastrointestinal bleeding,
and major or clinically relevant
bleeding in other anatomic sites)
leading to a hospital admission.

Outcomes were defined by records of
ICD-10 codes [see Table S2 for details].

Given the severity of the diagnosis of
ischemic stroke/systemic embolism, an event
was only considered if the participant was
admitted to the hospital. Additionally, only a
primary diagnosis of thromboembolism was
considered. An event of ‘unspecified stroke’
was included as an outcome since outcome
adjudication assessment was not performed.

A major bleeding event was only considered
if the participant was admitted to the




hospital; thus, outpatient diagnosis of a
major bleeding event was not included, but
both primary and secondary diagnoses of
major bleeding were included due to clinical
coding practice.

For both outcomes, emergency room codes
were not included due to a general low
positive predictive value.

Causal contrasts

Intention-to-treat effect and per-
protocol effect.

Average treatment effect in the population
estimated with observational analogue of the
intention-to-treat effect and per-protocol
effect.

Statistical analyses

Estimation of the intention-to-treat
effect comparing risk of the
outcomes among participants
assigned to NOAC vs. risk of the
outcomes among participants
assigned to warfarin.

Estimation of the per-protocol effect
with censoring of participants
if/when they deviate from their
assigned treatment strategy, unless a
clinical event that fully or partly
contraindicated treatment or had a
major clinical impact on the
anticoagulant therapy strategy
occurred.

Stabilized inverse probability of
censoring weights was used to adjust
for post-baseline time-varying
prognostic factors associated with
treatment adherence to avoid
potential selection bias from
informative censoring.

Same intention-to-treat and per-protocol
effect analyses as for the target trial.
However, the analyses only included
participants who were alive and outcome-
free 30 days after baseline due to data setup.

In both the intention-to-treat and per-
protocol analyses, stabilized inverse
probability of treatment weights were used to
adjust for pre-baseline prognostic factors.

When estimating the per-protocol treatment
effects, continuous treatment status was
assessed using a recommended daily dose
and quantity of pills per pack in each
prescription (a 60 days grace period between
each prescription claim was allowed).

If an event with a major clinical impact on
the anticoagulant therapy strategy occurred,
we stopped updating the censoring weight
for that patient, but kept the patient in the
analysis.




Table S2. ICD-codes, procedure codes, and ATC-codes used to define study

population, interventions, contraindications, comorbidities, medical therapies, and outcomes.

Data source

Variable | ICD-10 code/ ATC drug code* Registry sources
definition | Procedure code
Comorbidities
Atrial fibrillation Yes/no 148 Danish National
Patient Registry
Aaortic stenosis / Yes/no DI1350; DI352; DI060; Danish National
Aortic valve surgery D1062; DQ230; Patient Registry
KFMD10; KFMD11;
KFMD12A; KFMD14;
KFMAOQ0; KFMAL0;
KFMA20; KFMA32;
KFMA32A; KFMA96
Heart failure Yes/no 1501; 1509; 1110; 1130; C03C and C09 Danish National
1132; 1420; 150 or Patient Registry
National Prescription
Registry
Hypertension Yes/no Minimum 2 of: National Prescription
C02A; C02B; C02C; | Registry
CO02DA,; Co2L;
C03A,; C03B;
C03D; CO3EA,;
C03X; CO7C;
C07D; CO08G;
CO09BA; C09DA,;
C09XA52;
C02DB; C02DD;
C02DG; C04; CO05;
C07; CO7F; C08;
C09BB; C09DB;
C09
Diabetes mellitus Yes/no E100; E101; E109; E110; | Al0 Danish National
E111; E119 or Patient Registry
National Prescription
Registry
History of Yes/no 163; 164; 174; Danish National
thromboembolism Patient Registry
Vascular disease Yes/no 121; 123; 1700; 1702-1709; Danish National
171; 1739 Patient Registry
Ischemic heart Yes/no 120; 121; 122; 123; 124, Danish National
disease 125 Patient Registry
Myocardial Yes/no 121; 123 Danish National
infarction Patient Registry
Cancer Yes/no C Danish National
Patient Registry
Liver disease Yes/no B150; B160; B162; B190; Danish National

K704; K72; K766; 185

Patient Registry




Alcohol abuse Yes/no E244; E529A; F10; Danish National
G312; G621; G721; 1426; Patient Registry
K292; K70; K860;
L278A; O354; T51;
Z2714; 7721
Chronic obstructive | Yes/no J40-J47; J60-J65; J67; Danish National
pulmonary disorder J684; J701; J703; J841; Patient Registry
J920; J921; J982; J983
Chronic kidney Yes/no 112; 113; NOO-NO5; NO7; Danish National
disease N11; N14; N17-N19; Q61 Patient Registry
Venous Yes/no 126; 1801; 1802; 1803; Danish National
thromboembolism 1808; 1809; 1828; 1829; Patient Registry
1822; 1823; 0223; 0229;
0871; 0879; 0882
Mitral stenosis Yes/no 1050; 1052; 1081A; 1342; Danish National
Q232 Patient Registry
Total hip or knee Yes/no KNGB; KNGC; KNGU; Danish National
arthroplasty KNFB; KNFC; KNFU Patient Registry
Coronary artery Yes/no KFNA; KFNC; KFND; Danish National
bypass graft KFNE Patient Registry
Percutaneous Yes/no KFENG Danish National
coronary Patient Registry
intervention
Bioprosthetic valve | Yes/no KFMD10; KFKD10; Danish National
implantation KFJF10; KFGE10 Patient Registry
Mechanical Yes/no KFMDO00; KFKDOO; Danish National
prosthetic valve KFJF00; KFGEOO Patient Registry
implantation
Kidney Yes/no KKASO00; KKAS10; Danish National
transplantation KKAS20 Patient Registry
Outcomes
Thromboembolism Yes/no 163; 164; 174 Danish National
Patient Registry
Major bleeding Yes/no 160-162; 1690-1692; Danish National

(composite outcome)

1850; I1864A; K226;
K228F; K250; K252;
K254; K256; K260;
K262; K264; K266;
K270; K272; K274;
K276; K280; K282;
K284; K286; K290;
K298A; K625; K638B;
K638C; K661; K838F;
K868G; K920; K921;
K922;

S063C; S064; S065;
S066; S068B; S068D;
S141C; S141D; S141E;
S241D; S241E; S241F;
S341D; S341E; S341F;
EO078B; E274B; G951A;

Patient Registry




1312; 1319A; 1230; J942;
M250; R04; S259A;
S368A; S368B; S368D;
T143C; T144A; D500;
D62; D683; D698; D699;
R58; T792A; T792B

Intracranial bleeding

Yes/no

160-162; 1690-1692

Danish National
Patient Registry

Gastrointestinal
bleeding

Yes/no

1850; 1864A; K226;
K228F; K250; K252;
K254; K256; K260;
K262; K264; K266;
K270; K272; K274;
K276; K280; K282;
K284; K286; K290;
K298A; K625; K638B;
K638C; K661; K838F;
K868G; K920; K921;
K922

Danish National
Patient Registry

Major clinically
relevant bleeding
located elsewhere

Yes/no

S063C; S064; S065;
S066; S068B; S068D;
S141C; S141D; S141E;
S241D; S241E; S241F;
S341D; S341E; S341F;
E078B; E274B; G951A;
1312; I1319A; 1230; J942;
M250; R04; S259A,
S368A; S368B; S368D,;
T143C; T144A; D500;
D62; D683; D698; D699;
R58; T792A,; T792B

Danish National
Patient Registry

Comedication

Warfarin BO1AAO03 National Prescription
Registry

Non-vitamin K

antagonist oral

anticoagulant

(Dabigatran BO1AEQ7 National Prescription

Rivaroxaban BO1AF01 Registry

Apixaban BO1AF02

Edoxaban) BO1AF03

Aspirin BO1ACO06 National Prescription
Registry

Other antiplatelets BO1ACO04; National Prescription

(Thienopyridines) BO1AC24, Registry

BO1AC22

Beta-blockers Cco7 National Prescription
Registry

Renin-angiotensin C09 National Prescription

system
inhibitors
(ACEIi/ARBS)

Registry




Calcium channel

CO7F; C08; C09BB,;

National Prescription

blockers C09DB Registry
Amiodarone C01BDO01 National Prescription
Registry
Digoxin CO01AA05 National Prescription
Registry
Non-loop diuretics CO02DA; C02L; National Prescription
CO03A, C03B; Registry
CO03D; CO3EA;
C03X; CO7C;
CO7D; C09BA,
CO9DA; C09XA52
Loop diuretics C03C; C03EB National Prescription

Registry

Non-steroidal anti-
inflammatory drugs

MO1AA; MO1AB,;
MO1AC; MO1AE;
MO1AG; MO1AH;
MO01AX01

National Prescription
Registry

Statin

C10

National Prescription
Registry

* Prescription data from 180 days before or 30 days after diagnosis of atrial fibrillation.




Table S3. Sub-analysis (participants with no prior aortic valve operation/procedure before

baseline date): Treatment effects of NOAC vs. warfarin on thromboembolism and bleeding after 3

years of follow-up.

Analytical strategy:

Intention-to-treat analysis

Per-protocol analysis

Warfarin | NOAC Warfarin | NOAC
THROMBOEMBOLISM
Event count 23 71 12 56
Estimated 3-years event-free survival, % 96.4 92.6 97.6 93.0
HR (95% CI) Ref. | 2.10(1.29-3.41) Ref. | 2.41 (1.25-4.66)
MAJOR BLEEDING*
Event count 129 152 87 135
Estimated 3-years event-free survival, % 82.7 86.7 85.6 86.8
HR (95% CI) Ref. 0.72 (0.56-0.91) Ref. 0.78 (0.59-1.04)

Abbreviations: Cl: Confidence interval, HR: Hazard ratio; NOAC: Non-vitamin K antagonist oral

anticoagulant.

*Composite of intracranial bleeding, gastrointestinal bleeding, and major or clinically relevant bleeding

in other anatomic sites.




