1) Check for updates

Circulation: Cardiovascular Quality and Outcomes

ORIGINAL ARTICLE

Estimating the Stroke Risk Threshold for Initiating
Non-Vitamin K Antagonist Oral Anticoagulation in
Atrial Fibrillation: Markov Decision Model Analysis

Aleksi K. Winstén(, MSc; Ville Langén®, MD, PhD; K.E. Juhani Airaksinen, MD, PhD; Konsta Teppo®2, MD, PhD

BACKGROUND: Randomized trials have clearly demonstrated the benefits of anticoagulant therapy in patients with atrial
fibrillation who are at high risk of ischemic stroke. However, less is known about the benefit of anticoagulation in low-risk
patients, and exactly how low baseline stroke risk justifies further attempts to reduce it with direct oral anticoagulants
(DOACS) remains unclear.

METHODS: We developed a Markov decision model to estimate the impact of initiating DOACs on quality-adjusted life years
(QALYs) on a 20-year time horizon in patients with atrial fibrillation across a range of nonanticoagulated ischemic stroke risk.
The model incorporated data from randomized controlled trials on the effects of DOACs on the severity and risk of ischemic
stroke, major bleeding, and mortality, as well as previous evidence on their impact on quality of life. Nonanticoagulated event
rates were averaged from previous observational studies.

RESULTS: The tipping point in the annual nonanticoagulated ischemic stroke rate, at which DOAC treatment resulted in equal
cumulative QALYs as withholding therapy, was 0.65%. Below this risk threshold, DOAC therapy yielded slightly fewer QALYs,
while, above it, DOAC therapy resulted in increasingly higher QALYs. At nonanticoagulated stroke risk levels of 1%, 2%,
and 3%, the mean QALY gains with DOACs per patient during a 20-year simulation were 0.13, 0.53, and 1.00, respectively,
whereas, at the stroke risk level of 0.4%, DOAC therapy resulted in 0.01 lower QALYs per patient.

CONCLUSIONS: In this simulation, DOAC therapy versus no anticoagulation was associated with a net benefit on QALYs in
patients with atrial fibrillation with an annual nonanticoagulated stroke risk >0.65%, with the magnitude of benefit increasing
with higher stroke risk.
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emic stroke."? However, in patients with lower stroke
risk, the relative reduction in stroke risk with anticoagula-
tion has appeared to be smaller.3® Current knowledge
of the overall impact of anticoagulation in these low-risk
patients relies primarily on observational studies, which
are, however, inherently confounded when assessing
treatment effects.®® Exactly how low baseline stroke risk

Eckman et al” predicted, based on the available evidence
at the time, that the emerging direct oral anticoagulants
(DOACs) would be more beneficial than aspirin when the
annual nonanticoagulated stroke risk exceeds 0.9%.3
Their study has in part influenced the established para-
digm in international guidelines, supporting anticoagulant
therapy for moderate-risk patients, with an estimated
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WHAT IS KNOWN

* Anticoagulation is beneficial for patients with atrial
fibrillation who are at high risk of ischemic stroke.

WHAT THE STUDY ADDS

 Direct oral anticoagulants provide more quality-
adjusted life years than withholding anticoagulation
in patients with atrial fibrillation whose annual stroke
risk exceeds 0.65%.

* In probabilistic sensitivity analyses accounting for
uncertainty in treatment effects, direct oral antico-
agulants offer a net benefit when the annual stroke
risk exceeds 0.90%.

+ The net benefit of direct oral anticoagulant therapy
increases substantially as stroke risk rises beyond
these thresholds.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
DOAC direct oral anticoagulant
QALY quality-adjusted life year

annual nonanticoagulated stroke risk of 1% to 2%, and
advising against anticoagulation for low-risk patients,
whose stroke risk is estimated to be below 1%.5° Despite
their elaborate approach, from today's perspective, the
study by Eckman et al has some important limitations, and
many of the model's input parameters have become out-
dated. For example, their model relied mainly on outcome
data from patients using warfarin and did not consider
that patients with higher stroke risk are also at higher
risk of both bleeding and mortality. Regarding DOAC:s,
only trial data on dabigatran were available. Moreover,
aspirin is no longer recommended as an alternative to
oral anticoagulation for stroke prevention in patients with
AF, and DOACs are now preferred over warfarin. These
factors limit the applicability of the results of the study by
Eckman et al to contemporary clinical practice.

We aimed to revisit the concept of the treatment tip-
ping point and constructed a Markov decision model with
more detailed and up-to-date parameters than previous
studies to estimate the nonanticoagulated stroke risk
threshold above which DOAC therapy becomes more
beneficial than withholding treatment.

METHODS
Data Availability Statement

This modeling study was based on data obtained from previ-
ously published studies, and no new data were collected. In
the interest of research reproducibility, the code for the Markov
model has been made available in the Zenodo repository
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(https://doi.org/10.5281/zenodo.14941360; DOI 10.5281/
zenodo.14941360).

Model Structure

We estimated the net impact of the decision to initiate DOAC
therapy on the quality-adjusted life years (QALYs) of patients
with AF across the baseline nonanticoagulated risk range,
compared with withholding anticoagulation, using a decision-
analytic Markov model. The Markov model consists of multiple
health states that individuals can move between based on spe-
cific transition probabilities (Table; Figure S1). Patients were
assumed to be 70 years of age, approximately the average age
at first AF diagnosis, with the prognosis modeled across dif-
ferent baseline ischemic stroke risk levels.®* The model used a
1-month cycle length, and all risk estimates used were trans-
formed into 1-month probabilities (Table). The main model was
run over a 20-year period with 10000 patients per decision
arm, with cumulative QALY evaluated at each 0.1% increment
of annual nonanticoagulated stroke risk from 0% to 10%.
Figure S1 depicts the Markov model and the health states.
Model inputs relating to transition probabilities and health state
utilities, along with their literature sources, are summarized in
the Tab|e.1,375‘10,12733,35

Outcome . and Event Severities

Our model focused on ischemic strokes, major bleeding (hem-
orrhagic stroke, other intracranial bleeding, and extracranial
bleeding), and mortality because these are the main hard clini-
cal end points to consider when evaluating the benefits and
harms of anticoagulant therapy. Other events, such as nonmajor
bleeding, myocardial infarction, and pulmonary embolism, were
not considered.

Patients with higher age and burden of comorbidities,
and thus a higher ischemic stroke risk, also naturally face an
increased risk of major bleeding and mortality. This relation-
ship is supported by several studies showing that patients
with higher stroke rates or stroke risk scores tend to have
correspondingly higher rates of major bleeding and mortal-
ity.3191113 Qur analysis accounted for this correlation of bleed-
ing and mortality rates with the baseline untreated ischemic
stroke risk. To incorporate this association, we applied linear
regression to estimate major bleeding and mortality rates that
best fit previously reported values at different stroke risk lev-
els. As a result, the annual major bleeding and mortality rates
without anticoagulation in the model were 0.9% and 3.7%
at a 1% annual nonanticoagulated ischemic stroke rate level,
and 2.2% and 12.0% at a 6% ischemic stroke rate, respec-
tively (Table; Figure S2). The model incorporated the average
proportion of hemorrhagic strokes (119%), other intracranial
bleeding events (7%), and extracranial bleeding events (82%)
among all major bleeding cases reported in the clinical trials
on oral anticoagulants."'?

The outcome events vary in severity, with prior anticoagula-
tion reducing the severity of ischemic strokes while increasing
the severity of bleeding events. For our model, probabilities for
the severity of stroke and different bleeding events in the anti-
coagulation and nonanticoagulation arms of the model were
approximated from previous studies in patients with and with-
out anticoagulation (Table). To address the variability in previ-
ously reported event severity probabilities, the least squares
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Markov Model Input Parameters

Risk Threshold to Start NOACs in AF

Outcome event

Annual untreated rate

Source

Major bleeding

Linear correlation with stroke rate. At 1% stroke rate and 0.9%
bleeding rate. At 6% stroke rate and 2.2% bleeding rate.

Anjum et al,® Kirchhof et al,* Guo et al,'® and
Teppo et al''

Hemorrhagic stroke

11% of major bleeding

Skaistis and Tagami'? and Ruff et al’

Other intracranial bleeding

7% of major bleeding

Skaistis and Tagami'? and Ruff et al’

Extracranial major bleeding

829% of major bleeding

Skaistis and Tagami'? and Ruff et al’

Death

Linear correlation with stroke rate. At 1% stroke rate and 3.7%
mortality rate. At 6% stroke rate and 12.0% mortality rate*

Anjum et al,?® Kirchhof et al,* Link et al,'® and
Teppo et al''

Effect of anticoagulation on outcomes

RR

Ischemic stroke

Linear correlation with stroke rate. At 1% stroke rate and 3.7%
mortality rate. At 6% stroke rate and 12.0% mortality rate*

Verdecchia et al,'* Lip et al,'® and Mclntyre
etal'®

Major bleeding

RR=1.91

Ruff et al' and Lip et al™®

Death

Below stroke rate of 1%, RR=1.00. From stroke rate 1%-6%
linear correlation with stroke rate (at 1%, RR=1.00; at 6%,
RR=0.571). After stroke rate of 6%, RR=0.57.

Verdecchia et al,'* Lip et al,'® and Mclntyre
etal'®

Event severity Probability
Ischemic stroke No DOAC DOAC
Death 0.187 0.120 Sennfilt et al,'” Vinding et al,'® Healey et
Severe disability 0.156 0.124 ‘;;;Y::‘e‘t’v:l';a"e” etal,’® Fang etal* and
Moderate disability 0.220 0.247
Mild disability 0.437 0.509
Hemorrhagic stroke No DOAC DOAC
Death 0.175 0.305 Rosand et al,*? Fang et al,*® Healey et al,®
Severe disability 0.172 0.206 Soi;gcl!i:neot ZL?I'M Skaistis and Tagami,' and
Moderate disability 0.301 0.190
Mild disability 0.352 0.293
Other intracranial bleeding No DOAC DOAC
Death 0.157 0.176 Fang et al,?° Weimer et al,?® Poon et al,?’
Severe disability 0.179 0.237 %;g&f??:;;g;zleleg al® Skaistis and
Mild disability 0.332 0.293
No disability 0.332 0.293
Extracranial major bleeding No DOAC DOAC
Death 0.025 0.035 Fang et al,® Van Walraven et al,'® Vora et
Mild disability 0.058 0.056 Goémez-Outes et al®!
No disability 0.909 0.902
Base case quality of life
Well without events from age 70-80 0.794 Burstrom et al*?
Well without events from age 80-90 0.733
Quality-adjusted life year ratios
Mild disability until 6 mo after the event 0.88 Luengo-Fernandez et al*®
Mild disability from 6 mo after the event 0.89
Moderate disability until 6 mo after the event | 0.60
Moderate disability from 6 mo after the event | 0.73
Severe disability until 6 mo after the event 0.16
Severe disability from 6 mo after the event 0.45
Death 0

Mortality within the first year after events

1-year probability

After ischemic stroke

0.14

After any intracranial bleeding

0.16

Sennfilt et al'’

Rates and probabilities were transformed to 1-month probabilities for the model. DOAC indicates direct oral anticoagulant; and RR, relative risk.
*Baseline mortality in the absence of other events. Mortality increases following ischemic stroke and intracranial bleeding events; please see the section Mortality

within the first year after events in the table.

1The effect on all-cause mortality incorporated the differences between the DOAC and no-DOAC arms, mediated by mortality differences resulting from other clinical
outcome events at the 6% annual stroke risk level; overall, all-cause mortality at this level was 43% lower with DOAC therapy (RR, 0.57).
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method was used to estimate severity probabilities that best fit
the values from prior studies.

The initial 30-day mortality related to stroke and bleeding
events was included in the model, and in addition, all ischemic
stroke and all intracranial bleeding events were considered to
increase mortality for the first year following the event, with
these mortality probabilities derived from a large Swedish
population-based study (Table).'” The 1-year mortality prob-
ability increased to 14% following an ischemic stroke and to
16% following an intracranial bleed, regardless of whether the
event was the first occurrence in the model or a recurrent one.
After the first year following each event, mortality returned to
the pre-event level.

Effect of Anticoagulation

The effect of anticoagulation on ischemic stroke has been
robustly demonstrated in seminal trials comparing warfarin with
placebo.2'® In these studies, the annual stroke rate in the pla-
cebo arm was ~6%. Moreover, DOACs have been shown to be
superior to warfarin in stroke prevention, and a placebo-imputed
analysis estimated that DOACs reduce ischemic stroke on aver-
age by 68% compared with placebo.'* However, observational
studies in patients with clinical AF, as well as recent randomized
trials in patients with subclinical AR have suggested that the
relative stroke risk reduction with anticoagulation is smaller in
patients with lower stroke risk, possibly due to a lower burden
of cardioembolic stroke.®® A meta-analysis of the randomized
trials on subclinical AF reported a 32% reduction in stroke with
DOAC therapy in patients whose annual untreated stroke rate
was ~1%.'® Based on the 68% stroke reduction in patients
with a 6% annual stroke risk and the 32% reduction in patients
with a 1% annual stroke risk, we assumed that the relative
effect of DOAC therapy correlates with the baseline stroke risk
and follows a linear trend below the annual nonanticoagulated
stroke risk of 6%. Above this level, the relative stroke reduction
with DOACs was assumed to remain constant at 68% (Table).
Direct comparative trials between DOACs have not been con-
ducted, and in this analysis, all DOACs were considered as a
single group.

Regarding major bleeding, no interaction has been reported
between the relative increase in bleeding risk with DOACs and
baseline stroke rate. The seminal trials showed that warfarin
therapy increases major bleeding by approximately 2-fold in
high-risk patients, and DOACs have thereafter demonstrated
a slightly better safety profile compared with warfarin.'21®
Similarly, in the NOAH AFNET 6 trial, edoxaban increased
major bleeding risk by approximately 2-fold compared with pla-
cebo in patients with subclinical AF and an annual untreated
stroke risk of 1%  although their stroke risk scores would
have suggested a higher risk in the presence of clinical AF*
Therefore, in this study, DOAC therapy was assumed to have
a constant relative effect on bleeding risk across the range
of untreated stroke risk, with the risk ratio estimated from
the meta-analysis of seminal warfarin trials and DOAC trials
(relative risk, 2.22x0.86=1.91; Table)."?'®* DOAC therapy was
modeled to increase all bleeding types similarly. After all major
bleeding events, DOAC therapy was considered to be paused
temporarily for T month in the model.

Oral anticoagulation with warfarin was shown to reduce
all-cause mortality by 36% in high-risk patients in the seminal
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warfarin trials.>'> Moreover, a placebo-imputed analysis esti-
mated that DOACs reduce all-cause mortality by ~43% in high-
risk patients." However, in patients with low stroke risk, DOAC
therapy has not demonstrated a mortality benefit.*® Therefore,
in this study, DOACs were not assumed to impact baseline mor-
tality in patients with an untreated annual stroke risk below 1%.
Beyond this threshold, the mortality reduction with DOACs was
modeled to increase linearly, reaching 43% in patients with an
annual untreated stroke risk of 6%, as in the seminal warfarin
trials. At the 6% stroke risk level, the indirect mortality effects
mediated through other clinical events were incorporated into
this overall 43% treatment effect on all-cause mortality. For
those with a nonanticoagulated stroke risk exceeding 6% per
year, the relative all-cause mortality reduction was assumed to
remain constant at 43% (Table).

Utility Weights

The net benefit outcome in our study was assessed in terms
of QALYs, where clinical events reduced patients’ quality of life
based on the type and severity of the event according to previ-
ously published quality of life data. The baseline QALY weights
were derived from age-specific utility values of the general
Swedish population provided by Burstrom et al3? To address
the impact on quality of life from ischemic strokes and intra-
cranial hemorrhages, the individual's QALY values changed
based on the study by Luengo-Fernandez et al,*® which details
the quality of life of stroke patients according to the event's
severity. A multiplicative method was used to calculate utility
values so that new QALY weights were calculated by multiply-
ing individual's pre-event QALY weight by the ratio of the QALY
in patients with the event severity of interest to that of control
patients as reported in the study.2*%37 For the rare major extra-
cranial bleeding events that resulted in permanent disability, we
applied the same QALY ratios according to the severity of the
disability. Correspondingly, we used a multiplicative approach
for joint health states in patients experiencing multiple events
during the simulation, applying the same QALY ratios to calcu-
late new utility values. The multiplicative method was consid-
ered most appropriate for estimating utility values of joint health
states in our study, as it is supported by current literature and
has been shown to produce less biased estimates than alterna-
tives like the minimum or additive approaches.®®%" The QALY
weights and ratios used in the model are presented in the Table.

Measures of Net Benefit

As the primary outcome measure of net benefit, mean cumu-
lative QALYs during the 20-year simulation were compared
between individuals initially chosen to start anticoagulant ther-
apy and those who were not. We estimated the tipping point of
the nonanticoagulated stroke risk above which DOAC therapy,
on average, starts to result in higher cumulative QALYs than
withholding therapy. To assess uncertainty in the calculated tip-
ping point, we also evaluated the stroke risk threshold above
which DOAC therapy yields higher QALYs than withholding
therapy with a 95% probability. Thereafter, we calculated the
mean cumulative QALY difference at annual nonanticoagulated
stroke risk levels of 0.4%, 1%, 2%, and 3%, corresponding
approximately to the stroke risk in contemporary AF patients
with CHA,DS,-VA scores from O to 3, respectively.26''%8 Stroke
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risk in patients with AF, along with their stroke risk scores, typi-
cally increases over time due to aging and the development of
new comorbidities.?**° Therefore, to account for the fact that
patients may stay at a certain risk level for a shorter duration, in
addition to the main analysis with a 20-year timeframe, QALY
differences for the abovementioned risk levels were also cal-
culated using a 5-year model. In addition, because QALYs may
be difficult to interpret for both patients and clinicians, life years
without a severely disabling event were calculated as a more
tangible measure of net benefit, and the corresponding thresh-
old at which DOAC therapy becomes beneficial was estimated.

Sensitivity Analyses

In the main model, the effects of anticoagulation on clini-
cal outcomes were based on point estimates from previously
published randomized controlled trials. Probabilistic sensitivity
analyses were conducted to account for uncertainty in these
estimates. As a measure of uncertainty, we used the standard
errors of the relative risks of anticoagulation on ischemic stroke
(0.16), major bleeding (0.30), and all-cause mortality (0.13) in
the meta-analysis of the placebo-controlled anticoagulant tri-
als.'”® In the absence of detailed published data, we assumed
constant uncertainty across the baseline stroke risk spectrum
and that all the distributions follow a log-normal form. In the
probabilistic sensitivity analysis, all variables other than the
effects of DOACs on stroke, bleeding, and mortality were con-
sidered fixed and used the same input parameters as in the
main model. In the probabilistic analysis, 1000 iterations of
risk estimates sampled from log-normal distributions were per-
formed at each 0.1% increment in annual nonanticoagulated
stroke risk from 0% to 10%, with 5000 individuals per treat-
ment arm. We then calculated the mean QALYs across the non-
anticoagulated stroke risk spectrum for those with and without
anticoagulation, as well as the proportion of simulations in
which anticoagulation resulted in more cumulative QALYs than
withholding treatment.

In addition, while the main model used utility values based
on an assumed 70-year-old, the age of the patient can vary
considerably across different stroke risk levels. Therefore, as
a sensitivity analysis, we ran the main analysis using baseline
utility values for patients aged 60 and 80 years at the start of
the simulation.®?

Study Ethics

According to Finnish legislation on medical research, ethical
approval was deemed unnecessary, as this study utilized an
analytical model based on publicly available data without col-
lecting new data or accessing patient information. The study
follows, in applicable parts and excluding the economic aspects,
the Consolidated Health Economic Evaluation Reporting
Standards 2020 statement.

RESULTS

The expected cumulative QALYs over the 20-year simula-
tion decreased consistently with increasing nonanticoagu-
lated ischemic stroke risk in both patients with and without
DOAC therapy (Figure; Figure S3). Patients without DOACs
experienced progressively more ischemic strokes as stroke
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risk increased, whereas those receiving DOAC therapy had
a substantial rise in extracranial bleeding events at higher
stroke risk levels. However, in both decision arms, mortality
accounted for the largest proportion of outcomes, increas-
ing with higher stroke risk (Figure S4).

The tipping point in the annual untreated ischemic
stroke rate, at which DOAC treatment resulted in equal
cumulative QALYs as withholding therapy, was 0.65%
(Figure). Below this risk threshold, DOAC therapy yielded
slightly fewer QALYs, while, above it, DOAC therapy
resulted in increasingly higher QALYs. When time alive
without severely disabling events was assessed, treat-
ment with DOACs was beneficial above the untreated
annual stroke risk threshold of 0.65%, corresponding
with the tipping point of the main analysis on QALYs (Fig-
ure Sb). Likewise, in models incorporating utility values
for 60- and 80-year-old patients instead of the 70-year-
old used in the main model, the tipping point was consis-
tently at an annual stroke risk of 0.65%.

At nonanticoagulated stroke risk levels of 1%, 2%,
and 3%, the mean QALY gains with DOACs per patient
during the 20-year simulation were 0.13, 0.53, and 1.00,
respectively, whereas, at the stroke risk level of 0.4%,
DOAC therapy resulted in 0.01 lower QALYs per patient.
In the shorter b-year analysis, the QALY gains with
DOAC therapy at nonanticoagulated stroke risk levels of
1%, 2%, and 3% were 0.01, 0.06, and 0.14, respectively.
At a stroke risk level of 0.4%, DOAC therapy resulted in
0.002 fewer QALYs per patient in b years.

In the probabilistic sensitivity analyses accounting
for uncertainty in the effects of DOAC therapy, approxi-
mately half of the 2000 simulated iterations favored
DOAC treatment and half favored withholding treatment
when the nonanticoagulated stroke risk ranged from
0.5% to 0.9% (Table S1; Figure S6). Thus, instead of a
single tipping point, the probabilistic sensitivity analyses
revealed a tipping range, aligning with the 0.65% tipping
point identified in the main analysis. Below this range,
the proportion of simulations resulting in more QALYs
with withholding treatment increased, while, above this
range, the proportion favoring anticoagulation increased
substantially (Table S1; Figure S6). Anticoagulation was
beneficial in over 90% of the simulations when the
annual stroke risk exceeded 2.6%. Moreover, the mean
cumulative QALYs with and without DOAC therapy fol-
lowed a similar pattern across the stroke risk spectrum
as observed in the main analysis (Figure S7).

DISCUSSION

This decision-analytic model assessing the net benefit
of DOAC therapy in patients with AF had 3 key findings:
(1) DOAC therapy resulted in more QALYs than withhold-
ing anticoagulation in patients with AF whose nonantico-
agulated stroke risk exceeds 0.65%; (2) the QALY gains
with DOAC therapy increased substantially with rising
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Figure. Cumulative quality-adjusted
life years (QALYs) from a 20-year
simulation in patients with and
without direct oral anticoagulant
(DOAC) therapy across the
ischemic stroke risk spectrum for
nonanticoagulated patients.
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nonanticoagulated stroke risk; and (3) in patients with a
nonanticoagulated stroke risk below the 0.65% tipping
point, the QALY difference between DOAC therapy and
no treatment was small.

Our results expand previous robust evidence on the
benefits of oral anticoagulation in patients with AF at
high risk of ischemic stroke without anticoagulation.
Because there are no placebo-controlled randomized
trials evaluating the impact of DOACs specifically in
low- to intermediate-risk patients with AF, that is, those
with CHA,DS,-VA scores from O to 1, answering the
frequently encountered clinical question of whether to
start anticoagulation in these patients requires extrapo-
lating evidence from previous studies. The current Mar-
kov decision analysis does this by integrating detailed
information on stroke, bleeding, and mortality risks, the
effects of DOAC therapy on outcomes, and the impact of
these outcomes on quality of life.

The results of our study align with the current guide-
lines on AF management, which recommends against
anticoagulation in patients with a CHA,DS,-VA score
of O and recommends considering it for those with a
score of 1.8° The observed tipping point of 0.65% annual
stroke risk indeed falls approximately between the stroke
risk observed in patients with CHA,DS,-VA scores of O
and 1. Moreover, the treatment tipping point was consis-
tent in the analysis, counting life years without a severely
disabling event. In a large Finnish nationwide study, the
annual stroke risks without anticoagulation in contem-
porary patients with CHA,DS,-VA scores of O and 1
were 0.4% and 0.8%, respectively."’ Similar rates, slightly
above the estimated tipping point ranging from 0.7%
to 1.5%, have been reported in other large studies on
patients with a CHA,DS,-VA score of 1.3638

Our study provides important perspectives on the
magnitude of the benefits of DOAC therapy in patients

Circ Cardiovasc Qual Outcomes. 2025;18:e012090. DOI: 10.1161/CIRCOUTCOMES.125.012090

whose stroke risk is near the estimated treatment thresh-
old. The results indicate that DOAC therapy could result
in net harm in patients with a CHA,DS,-VA score of 0,
but, on average, the magnitude of harm appears to be
small. On the other hand, the net benefit at a 1% non-
anticoagulated risk level corresponds to approximately 1
quality-adjusted month (0.13 QALYs) over a 20-year per-
spective. Thus, although the benefit of DOACs appears
probable in patients with a CHA,DS,-VA score of 1, the
clinical relevance of the magnitude can be debated. In
addition, the net benefit at a 1% nonanticoagulated risk
level corresponded to only a few quality-adjusted days
(0.01 QALYs) on a b-year perspective, which may be
a more realistic time span to remain at this risk level.
While there are no universally accepted thresholds for
a clinically meaningful QALY gain, the clinical relevance
of these benefits depends on patients’ individual pref-
erences and values. Moreover, it is important to note
that the magnitude of QALY gains with DOAC therapy
increases substantially with rising stroke risk, under-
scoring the importance of anticoagulation in high-risk
patients. This is consistent with the strong recommenda-
tions in current guidelines to initiate anticoagulation in
patients with a CHA,DS,-VA score of >2 or an estimated
annual stroke risk exceeding 2%.8°

Our findings are particularly relevant in light of the
recent American Heart Association/American College
of Cardiology guidelines on AF management, which
recommend guiding decisions on oral anticoagulation
therapy based on estimated annualized stroke risk,
rather than relying solely on specific risk scores such
as the CHA,DS,-VASc® While the current American
Heart Association/American College of Cardiology
guidelines recommend considering anticoagulation
when the estimated annual stroke risk exceeds 1%,
the main analysis of the current study suggests that
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this threshold could be slightly lower. However, when
uncertainty in the effects of DOACs was accounted for
in the probabilistic sensitivity analyses, initiating and
withholding anticoagulation produced similar outcomes
in the stroke risk range of 0.5% to 0.9%, with antico-
agulation yielding more QALYs above this range. Thus,
in fact, the results of the probabilistic sensitivity analy-
ses align with the 1% risk threshold recommended
in the current American Heart Association/American
College of Cardiology guidelines. Moreover, the annual
stroke risk above which anticoagulation was beneficial
with over 90% probability was as high as 2.6% (Figure
S6). Furthermore, it is important to note that consider-
able variability in reported stroke rates, along with the
declining stroke risk in nonanticoagulated patients over
recent decades, complicates accurate risk estimation
in clinical practice.""*' Moreover, our model focused on
assessing the net benefit of anticoagulation in clini-
cally detected AF, while stroke risks have been shown
to differ in patients with device-detected AF. Therefore,
while our results suggest that DOAC therapy can be
justified for AF patients with a CHA,DS,-VA score of 1,
the uncertainty in both the clinical estimation of nonan-
ticoagulated stroke risk and the net effects of antico-
agulation, along with the modest average gains, should
be carefully considered in shared decision-making with
these patients.

Although the Markov model used in the current study
is somewhat more detailed and incorporates updated
input parameters compared with the model by Eckman
et al” the results are surprisingly similar. Eckman et al
reported only a slightly higher DOAC treatment threshold
of 0.9% compared with our results of 0.65%. However,
their reported threshold compared DOACs to aspirin and
not to withholding treatment as in our analysis. Aspirin
was indeed standard practice in stroke prevention in AF
in the past decades, and Eckman et al did not specifically
look for or report the threshold of DOAC therapy versus
no treatment. Nevertheless, Figure 2 in their study shows
that the QALY curves for DOAC therapy and no treat-
ment intersect at a stroke risk of 20.7%, aligning with the
tipping point of 0.65%, as well as with the tipping range
of 0.5% to 0.9% observed in the sensitivity analyses of
the current study.” This somewhat unexpected consis-
tency between 2 mathematical modeling studies, incor-
porating data from different decades, can be considered
to enhance the reliability of our findings.

The most important limitations of our study are
related to the inherent challenges of mathematically
modeling complex real-life scenarios. Parameter uncer-
tainty may influence our results although the treatment
effects were derived from meta-analyses of randomized
trials and baseline event rates averaged across several
observational studies using the least squares method,
enhancing their reliability. Moreover, uncertainty in
treatment effects was accounted for in the probabilistic
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sensitivity analyses. We also assumed certain associa-
tions between event rates and treatment effects to be
linear due to the lack of detailed data on the nature of
these correlations. Our model used average event rates
and treatment effects; however, individual patient char-
acteristics influence personal bleeding and mortality
risks and may also modify the effects of DOAC therapy.
Therefore, decisions on the initiation of DOAC therapy
should be individually tailored within a shared decision-
making process, also considering patients’ values and
preferences. Of note, our analysis focused on ischemic
stroke, major bleeding, and mortality, excluding other
events such as nonmajor bleeding, which can impact
quality of life, although they usually do not cause per-
manent disability. In addition, our study did not account
for the impact of DOAC medication use per se on qual-
ity of life, such as associated costs, pharmacy visits,
minor side effects, and the need for additional blood
tests. These factors can reduce the QALYs in patients
with DOAC therapy in a real-world setting, widen the
small QALY difference observed below the treatment
threshold, and, therefore, support withholding DOACs
in individuals with a low stroke risk. In addition, our
model assumed complete adherence to initiated DOAC
therapy, which may lead to overestimation of the effects
of DOACs compared with real-life scenarios. Patients
were also not able to experience >1 event within a
single 1-month cycle in the model. Moreover, the utility
weights used cannot account for all variations in sub-
jective experiences and patient values. For instance,
some patients may view a severely disabling stroke as
a worse outcome than death.*? Finally, mathematical
models cannot capture all the complex scenarios that
may arise for patients in real life; however, our model
addressed the key outcomes, that is, the decision to
initiate anticoagulation affects.

In conclusion, the current decision-analytic model
demonstrates that DOAC therapy provides a net benefit
for patients with AF whose nonanticoagulated annual
stroke risk exceeds the 0.65% threshold, with the mag-
nitude of benefit increasing substantially as stroke risk
rises. Moreover, when accounting for uncertainty in treat-
ment effects in the probabilistic sensitivity analyses,
DOAC therapy began to show a net benefit above an
annual stroke risk of 0.9%. Our findings suggest that
DOACs may be offered to patients with a CHA,DS,-VA
score of 1 and align with the current guidelines recom-
mending DOAC therapy for patients with a CHA,DS,-VA
score of >2,
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