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Patient-reported health utility
of stroke and gastrointestinal
bleeding related to DOACGs in
atrial fibrillation: a vignette-
based substudy of a randomized
controlled trial

Sun-Hong Kwon'7, Hyo-Jeong Ahn?7, Jin Hyun Nam3’, Soonil Kwon*, So-Ryoung Lee?>,
Eue-Keun Choi%*%"“ & Eui-Kyung Lee™*

Direct oral anticoagulants (DOACs) are widely used in patients with atrial fibrillation (AF) to prevent
stroke but increase the risk of upper gastrointestinal bleeding (UGIB). We aimed to quantify patient-
perceived health-related quality-of-life (HRQoL) decrements associated with DOAC-related clinical
events—stroke and UGIB—using a vignette-based approach. A survey was conducted with 391 AF
patients on DOACs, embedded within a randomized trial evaluating proton pump inhibitor (PPI)
co-therapy. Participants evaluated four hypothetical health states (stroke, post-stroke, UGIB, and
post-UGIB) using EQ-5D-5L. The mean EQ-5D index for current health was 0.90 (SD 0.11). When
imagining stroke, 89-95% of respondents perceived worsened HRQoL, particularly in self-care and
usual activity domains. In contrast, 44—-61% perceived worsened health in UGIB scenarios, primarily
related to anxiety and depression. The estimated decrement in EQ-5D utility score was - 0.49 (SE 0.01)
for stroke and -0.16 (SE 0.01) for UGIB. Stroke was perceived to have a greater impact on the overall
HRQoL domain, whereas UGIB was perceived to affect emotional well-being (anxiety/depression)
disproportionately. These vignette-derived perceived utilities may inform patient-centered discussions
and provide inputs for decision-analytic and cost-utility models evaluating anticoagulation strategies.

Trial registration number: KCT0006848.

Keywords Atrial fibrillation, Upper gastrointestinal bleeding, Stroke, Direct oral anticoagulants, Quality of
life

Anticoagulant treatment, particularly the use of direct oral anticoagulant (DOAC), is pivotal in patients with atrial
fibrillation (AF) to prevent stroke!~>. Although DOAC treatment is essential for stroke prevention in patients
with AFE the use of DOACs can inevitably increase the risk of bleeding, most notably for upper gastrointestinal
bleeding (UGIB)*°. Stroke can cause severe neurological impairment, leading to reduced physical abilities, loss
of independence, and the need for long-term care, which can drastically impair health-related quality of life
(HRQoL)%’. Otherwise, UGIB can diminish HRQoL due to hospitalizations, anxiety, and physical discomfort,
and lead to interruptions in anticoagulation therapy, increasing the risk of stroke®-!?. Balancing the benefits of
DOAC use with the bleeding risks is essential for optimizing patient outcomes. However, no studies in patients

1School of Pharmacy, Sungkyunkwan University, 2066 Seobu-ro, Jangan-gu, Suwon 16419, Gyeonggi-do, Republic
of Korea. 2Division of Cardiology, Department of Internal Medicine, Seoul National University Hospital, Seoul,
Republic of Korea. 3Divison of Big Data Science, Korea University Sejong Campus, Sejong, Republic of Korea.
“Division of Cardiology, Department of Internal Medicine, Boramae Medical Center, Seoul National University
College of Medicine, Seoul, Republic of Korea. *Department of Internal Medicine, Seoul National University College
of Medicine, Seoul, Republic of Korea. ®Department of Internal Medicine, Seoul National University Hospital,
101 Daehak-ro, Jongno-gu, Seoul 03080, Republic of Korea. ’Sun-Hong Kwon, Hyo-Jeong Ahn and Jin Hyun Nam
contributed equally to this work. "email: choiek17 @snu.ac.kr; ekyung@skku.edu

Scientific Reports | (2026) 16:5328 | https://doi.org/10.1038/s41598-026-35628-w nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-026-35628-w&domain=pdf&date_stamp=2026-1-16

www.nature.com/scientificreports/

taking DOACs have measured the HRQoL when stroke or UGIB occurred, which are mainly considered in cost-
effectiveness modeling for DOAC!12,

There is limited attention to the impact of DOAC-related clinical events on HRQoL, as perceived and
reported by patients with AE. Patient-derived utility decrements for DOAC-related events are rarely available
because these events are unpredictable and relatively infrequent, making prospective HRQoL measurement at
the time of the event challenging. Nevertheless, it is crucial to assess the impact of stroke and UGIB on AF
patients’ HRQoL to inform benefit-harm trade-offs.

To address this gap, we elicited patient-perceived utilities for hypothetical DOAC-related clinical events using
vignettes with EQ-5D-5L. This substudy was embedded within the GUARD-OAC randomized trial to leverage
a well-characterized cohort of DOAC-treated AF patients and standardized follow-up for gastrointestinal
events with or without proton-pump inhibitor (PPI) co-therapy. It was designed to quantify perceived HRQoL
decrements associated with these events rather than to infer the clinical effectiveness of PPI co-therapy. By
comparing the perceived disutility of stroke (benefit of DOAC) with that of UGIB (harm of DOAC), we aimed to
inform benefit-harm trade-offs and provide information for cost-effectiveness studies relevant to anticoagulation
decisions. In addition, we explored factors associated with perceived HRQoL.

Methods

Vignette-based approach

Since cardiovascular events such as stroke are rare events, it is difficult to observe the HRQoL for that kind of
health status. Considering AF patients, it can be particularly challenging to survey patients suffering from acute
events such as stroke or UGIB due to the unpredictable occurrence. A vignette-based approach may be the only
feasible method for eliciting health-state utility values for a cost-utility analysis'®. This approach utilizes virtual
scenarios representing the condition of interest. In the application of vignettes, respondents are assumed to rate
vignette responses in the same way they rate their own HRQoL!". This study developed a vignette describing
UGIB and stroke to measure the perceived HRQoL for these hypothetical health states. Then, the survey with
the developed vignette was conducted on AF patients participating in a trial. This study was approved by the
Seoul National University Hospital Institutional Review Board, Republic of Korea (H-2107-136-1236). Informed
written consent was secured from all AF patients. All methods were performed in accordance with relevant
guidelines and regulations.

Study population and survey

This was a vignette-based survey embedded in a randomized cotrolled trial, from which was titled ‘Gastrointestinal
protection Using proton-pump inhibitor in pAtients who RequireD Oral AntiCoagulants (GUARD-OAC). The
parent trial is a prospective, multicenter, open-label, randomized trial to investigate to evaluate the efficacy
and safety of proton pump inhibitor (PPI) on patients taking DOAC for cardiovascular disease (Registration
number at Clinical Research Information Service: KCT0006848; the registration date: December-02-2021).
Patients required at least one year of DOAC (apixaban, edoxaban, rivaroxaban, and dabigatran) and HAS-BLED
score > 1 were randomly assigned in a 1:1 fashion to receive either DOAC alone or DOAC and PPI co-therapy.
The primary endpoint is a composite of upper gastrointestinal clinical events - including bleeding, ulcer, or
gastrointestinal symptoms — at one year after randomization. The study protocol with detailed inclusion and
exclusion criteria is available at the Clinical Research Information Service!>. Although HRQoL was planned to
be collected in advance, it was not a measurement to evaluate the efficacy of an intervention in the trial.

As part of a substudy within the GUARD-OAC trial, HRQoL data were collected from a subset of participants
randomized between January 2022 and December 2022 at Seoul National University Hospital, a tertiary care
academic hospital in the Republic of Korea. Although the parent trial was multicenter, this substudy was
conducted at a single center. Participants were eligible for the substudy if they (1) met the trial eligibility criteria,
(2) had non-valvular AF/AFL, (3) completed the baseline questionnaire, and (4) attended the 1-year follow-
up assessment, at which time the HRQoL and vignette questionnaires were administered. At the 1-year visit,
patients were invited to complete the EQ-5D-5L instrument for their current health state and for hypothetical
vignettes describing DOAC-related clinical events (stroke and upper gastrointestinal bleeding). Patients who
declined the vignette substudy were not asked to participate in the survey, even though they completed the
1-year follow-up (Supplementary Figure S1).

The parent trial (GUARD-OAC) is ongoing and continues recruitment and follow-up according to its
prespecified protocol. Therefore, detailed exclusion and attrition counts for the overall multicenter trial
population were not available at the time of this substudy analysis; however, participant flow and reasons for
non-participation within the Seoul National University Hospital cohort are reported in Supplementary Figure
S1.

A vignette-based survey was conducted to elicit perceived HRQoL associated with DOAC-related clinical
events. At the 1-year visit, participants completed EQ-5D-5L for their current health state and then completed
EQ-5D-5L after reading each vignette describing clinical event scenarios (stroke and UGIB). Although
participants did not experience the events during the survey, they rated hypothetical health states described
in standardized written vignettes. Vignettes were administered in a structured, interviewer-guided format by
trained staff, with standardized explanations to ensure comprehension; participants were instructed to respond
as if the described health state were their own.

Development of virtual scenarios for health status related to stroke and UGIB

The literature review was conducted to understand the symptoms of health status that AF patients taking
DOACs may experience. Stroke was chosen since it is a primary outcome of DOAC treatment!'. UGIB was
considered as a health state because it is a frequent adverse event of the use of DOACs*>. HRQoL is essential
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for cost-effectiveness studies, which generally estimate lifetime outcomes, so the possibility of recurrence and
sequelae should be considered. Therefore, we defined four health statuses: (1) UGIB, (2) post-UGIB, (3) stroke,
and (4) post-stroke.

The vignette texts were developed based on clinical definitions and reviewed by four cardiologists for
clinical plausibility and clarity prior to administration. We developed vignettes that described the physical and
psychosocial symptoms of four health states, as well as the AF patients’ restrictions on speaking and physical
activities in daily life due to these symptoms. Four cardiologists (EKC, SRL, SK, and HJA) amended the
descriptions of each health state to improve the accuracy and appropriateness of the vignettes, based on the
clinical circumstances and experiences of those who had been treating AF patients taking DOAC for a long
time, while considering patients” health literacy. In addition, pilot testing was conducted with with lay adults
without medical training (n=3) to assess readability and comprehension (face validity). Feedback from the pilot
was used to refine wording and improve interpretability prior to the main survey. The vignettes (descriptions of
scenarios for four health states) are presented in Supplementary Table S1.

Assessment tool for the quality of life
Participants were asked to evaluate their current health and to imagine being in each vignette scenario. We
adopted the certified Korean versions of EQ-5D-5L as the HRQoL measurements. The EQ-5D-5L is a widely-
used, standardized tool for measuring HRQoL, especially in cost-effectiveness studies, and has demonstrated
good validity, discriminatory ability, and reliability in patients and the general population!®~!8, Tt consists of
five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Across each of
the five dimensions, respondents are asked to select the most appropriate status among 5 levels: no problems,
slight problems, moderate problems, severe problems, and unable to/extreme problems. Based on responses in
five domains, the EQ-5D index (utility) is calculated by following a tariff set from a standardized valuation study
in South Korea!®. The EQ-5D-5L utilities range from — 0.066 (worst case) to 1 (best case). The EuroQol Visual
Analog Scale (EQ-VAS), included in the EQ-5D-5L instrument, was also measured. EQ-VAS asks patients to rate
their health status between 0 (worst imaginable health status) and 100 (best imaginable health status).

EQ-5D index for current health that was measured at the time of randomization was used for analyzing
factors associated with HRQoL; EQ-5D responses for four scenarios that were measured at the end of trial were
used for analyzing patitnet’s perception on DOAC-related clinical events.

Statistical analysis

For baseline characteristics, continuous variables were summarized using means and standard deviations (SD),
and categorical variables were represented as counts and percentages. The deterioration of response was defined
as a case in which a response of a dimension for health status of interest was worse than the current health or
event case. Improvement of response was defined as a case where the response was better than the current health
or event case. Boxplot and Sankey’s diagrams visualized the distribution of utilities (Supplementary Figure S2)
and the flow of the EQ-5D responses between current status and scenarios in each dimension (Supplementary
Figure S3), respectively.

We used a linear mixed random-intercept model, adjusting for covariates, to examine the disutility associated
with the health scenarios, defined as the differences in utility values between the current and scenario health
states. For comparison, the mean and standard error (SE) of the least-squares estimates were estimated. The
difference represents the decrease in utility due to the condition described in the scenarios. That is, the difference
can be interpreted as disutility. For the linear mixed-effects models, we assessed key assumptions by examining
the distribution of random effects and residuals. Normality and homoscedasticity of residuals were evaluated
using residual and Q-Q plots, and no major deviations were observed. The random-intercept specification
was also examined for model stability and convergence. Random intercepts were fitted only at the individual
(patient) level. This specification was chosen to account for between-patient heterogeneity in baseline utility
while assuming that the effects of covariates are constant within patients over scenarios. No additional higher-
level random effects were included.

Based on previous studies,?*-2¢ covariates were collected. Demographic characteristics, including age, body
mass index (BMI), and sex, were collected at baseline. Two risk scores were employed for AF: the CHA,DS,-
VASc score, which assesses stroke risk, and the HAS-BLED score, which measures bleeding risk?”. The risk
score for cognitive dysfunction, KDSQ-C/H/D scores,® were included as a factor in the analysis, considering
the significant influence of cognitive dysfunction on HRQoL as indicated by Pan et al.?* Furthermore, the type,
duration, and class of AF [a European Heart Rhythm Association (EHRA) symptom classification] were collected.
The study also investigated factors related to stroke or UGIB, including the type of DOAC, history of smoking,
history of drinking, comorbidities, and family history of gastrointestinal bleeding and cardiovascular disease.
The comorbidities included hypertension, diabetes, previous acute coronary syndrome, previous percutaneous
coronary intervention, peripheral artery disease, congestive heart failure, chronic kidney disease, chronic liver
disease, a history of prior stroke, transient ischemic attack, systemic thromboembolism, and UGIB.

To assess factors impacting HRQoL, a gamma generalized linear model (GLM) with a log link function
was utilized. The inverse utility was considered as a dependent variable for the gamma distribution. This
allows for a skewed distribution of utility values and prevents the prediction of utilities>1. We verified the
appropriateness of the gamma distribution and link function by inspecting the distribution of the transformed
outcome (inverse utility) and by evaluating deviance residuals and fitted-versus-observed plots. These
diagnostics indicated adequate model fit and no evidence of systematic misspecification. In addition, we assessed
influential observations and multicollinearity across models; no influential outliers or problematic collinearity
were identified. Based on these diagnostic checks, the assumptions underlying both modeling frameworks were
deemed reasonable. Through the model, the effect size and 95% confidence interval (CI) were estimated. For
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interpretability, we report the inverse of exponentiated coeflicients as ratios corresponding to the direction of
the EQ-5D index (higher values indicate higher utility). For example, if the estimated ratio of factor X is 0.8, it
means that factor X reduces utility by 20%.

Because utility values are bounded and commonly exhibit a ceiling effect, we additionally fitted a Tobit
regression model as a sensitivity analysis to examine factors associated with utility. In the Tobit model, the same
set of covariates used in the primary GLM was included. Results from the Tobit model are reported as regression
coeflicients (B) with 95% confidence intervals and were compared with the exponentiated coeficients (exp[p])
from the gamma GLM to assess robustness of the identified associations.

All analyses were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina, USA). R version
4.2.2 (The R Foundation for Statistical Computing, Vienna, Austria) was used for Sankey diagrams. There were
no missing values for the primary outcome variables, including EQ-5D and EQ-VAS scores. All analyses were
based on complete data.

Result

HRQoL data related to clinical events were obtained from 391 patients (PPI group n=199, Non-PPI group
n=192) who assessed hypothetical health conditions through vignettes (Supplementary Figure S1). The baseline
characteristics of respondents are shown in Table 1. At the baseline, the mean age was 73.2 (SD 6.4) years old, with
56.3% falling in the 70-79 age group. There were more male patients (64.7%) than females (35.3%). Persistent
AF was the most observed (62.4%), and the most common comorbidity was hypertension (70.3%), following
diabetes (29.7%). Of the total, 6.6% and 2.1% had a history of stroke and UGIB, respectively. The characteristics
between two groups were similar. At the baseline, the mean utility measured by EQ-5D was 0.90 (SD 0.11) while
the mean utility was 0.90 (SD 0.11) at 1 year after.

Baseline demographic and clinical characteristics stratified by completion of the 1-year follow-up in the
parent trial cohort and by randomization group are provided in Supplementary Tables S2-S3 to assess potential
selection bias. Compared with participants who declined the vignette survey, completers were slightly younger
(73.2 vs. 74.8 years, p<0.001) and had marginally lower CHA,DS,-VASc scores (3.0 vs. 3.2, p=0.003). The
distribution of DOAC type also differed (p=0.007), and lifestyle factors (smoking and alcohol use) varied
between groups. Other baseline clinical characteristics, including HAS-BLED score and major comorbidities,
were broadly comparable. Importantly, randomization group allocation (PPI vs. non-PPI) did not differ by
vignette survey completion status (p=0.648) (Supplementary Table S2). As presented in Supplementary Table
$3, no statistically significant differences were observed between the PPI group (n=199) and the non-PPI group
(n=192) across demographic variables, comorbidities, risk scores, or medication use.

Table 2 presents the HRQOL for five health states — current, stroke, post-stroke, UGIB, and post-UGIB
— measured using the EQ-5D based on the scenario. The mean utility was the lowest when patients imagined
having a stroke episode (0.41, SD 0.26) and went up to 0.73 (SD 0.17) in the post-stroke status. When imagining
the occurrence of UGIB, the mean utility was 0.73 (SD 0.22), but this increased to 0.90 (SD 0.12) in the post-
UGIB status, which is comparable with that in the current health (0.90, SD 0.11). When adjusting factors
affecting the EQ-5D index, the utilities in all the health statuses except the post-UGIB state was significantly
different from the utility of the current health. The decrement of EQ-5D was the biggest for stroke (adjusted
disutility 0.49, SE 0.01), followed by UGIB (adjusted disutility 0.16, SE 0.01). Supplementary Table S4 presents
EQ-VAS and EQ-5D index for current and four hypothetical health states by parent trial group. No statistically
significant differences were observed between the PPI (n=199) and non-PPI (n=192) groups for any health
state, either in current health status or in perceived utility for hypothetical scenarios (UGIB, post-UGIB, stroke,
and post-stroke).

The change of AF patients” perception to hypothetical health statuses is shown in Table 3 based on individual
levels of responses across five domains. The changes were notable in the case of stroke, and they were not
reverted in the post-stroke state as much as in the post-UGIB state. 70.08% of respondents shows that their EQ-
5D with the UGIB would be lower than their utility with only AE, while 95.65% did with the stroke. Across five
dimensions, 44-61% of AF patients responded that UGIB would result in worse health outcomes compared to
their current health status, and 71.1% of respondents perceived their health status would be improved in case of
post-UGIB. The greatest proportion of worsening due to UGIB was the anxiety/depression (60.87%) among five
dimensions (Fig. 1). Regarding stroke, 89-95% of AF patients responded that their health would become worse
than its current state across five dimensions. The greatest proportion of worsening due to stroke were self-care
and usual activity (94.63% in both, Fig. 2 shows usual activity). 84% of AF patients responded improvement
in mobility, self-care, and usual activities following a stroke (post-stroke vs. stroke). The detailed responses are
visualized using the Sankey diagrams in the Supplementary Figure S3.

Additionally, factors associated with utility of AF patients were identified through the gamma GLM (Table 4).
Age (ratio 0.996, 95% CI 0.994-0.998) and BMI (0.995, 0.991-0.998) show a negative association with utility. AF
patients with an EHRA symptom classification of 1 have higher utilitythan AF patients with an EHRA symptom
classification of 2b (1.054, 1.002-1.110). Male also reported a higher utility than female (1.030, 1.001-1.059). The
KDSQ scores and HAS-BLED scores are also associated with the lower one.

Discussion

This study evaluated the utility values of AF patients and perceived HRQoL across four potential DOAC-related
clinical events (stroke, post-stroke, UGIB, post-UGIB) with the EQ-5D instrument given the vignette with
hypothetical scenarios. This study highlights the differential impact of stroke and UGIB on HRQoL in patients
taking DOAC. Stroke was perceived to be the greatest decline in utility (-0.49), primarily due to impairments
in self-care and daily activities. In contrast, UGIB had a smaller impact (-0.16) but was strongly associated with
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All patients (N=391)

Age at baseline, mean (SD, range) 73.17 (6.35, 48-91)
Female, n (%) 138

BMI, mean (SD) 25.08 (3.00)
CHA,DS,-VASc score, mean (SD) 3.03(1.11)
HAS-BLED score, mean (SD) 1.32(0.57)
Cognitive dysfunction, mean (SD)

KDSQ-C score 2.30 (2.86)
KDSQ-H score 1.66 (1.66)
KDSQ-D score 1.28 (1.61)
Classification, n (%)

Paroxysmal AF 138 (35.29)
Persistent AF 244 (62.40)
AFL 9 (2.30)
Duration of AF, n (%)

<1 year 49 (12.53)
1 to 5 years 158 (40.41)
>5 years 184 (47.06)
EHRA symptom classificaiton, n (%)

1 300 (76.73)
2a 77 (19.69)
2b 14 (3.58)
DOAGC, n (%)

Apixaban 203 (51.92)
Edoxaban 106 (27.11)
Rivaroxaban 61 (15.6)
Dabigatran 21 (5.37)
Never smoking, n (%) 231 (59.08)
Never drinking, n (%) 186 (47.57)
Comorbidity, n (%)

Hypertension 275 (70.33)
Diabetes 116 (29.67)
Previous ACS 3(0.77)
Previous PCI 12 (3.07)
Peripheral artery disease -
Congestive heart failure 55 (14.07)
Chronic Kidney Disease 75 (19.18)
Chronic liver disease 10 (2.56)
Previous stroke, n (%) 26 (6.65)
Previous TIA, n (%) 4(1.02)
Previous systemic thromboembolism, n (%) | 1 (0.26)
Previous GI bleeding, n (%) 8(2.05)
Family history, n (%)

GI 35 (8.95)
Cardiovascular disease 55 (14.07)

Table 1. Baseline characteristics of respondents. SD: Standard Deviation, BMI: Body Mass Index, AF: Atrial
Fibrillation, AFL: Atrial Flutter, DOAC: Direct Oral Anticoagulant, ACS: Acute Coronary Syndrome, PCI:
Percutaneous Coronary Intervention, TIA: Transient Ischemic Attack, GI: Gastrointestinal.

increased anxiety and depression. To the best of our knowledge, no previous study has comprehensively assessed
patient-reported HRQoL in AF with specific attention to both stroke and UGIB. The utility decrements reported
in this study offer a more nuanced understanding of the lived burden of these adverse events. These findings
suggest that while stroke prevention should remain the primary goal of DOAC therapy, UGIB prevention is also
important for maintaining quality of life.

UGIB, which could occur during the DOAC treatment of AF patients, lowers the patients’s HRQoL (disutility
0.16 in this study). Campbell et al.!” reported a mean utility of 0.68-0.74 in patients admitted to hospitals with
acute UGIB in the UK while the mean for the UK general population was 0.86. It was not compared with utility
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Utility, mean (SD)
EQ-VAS EQ-5D Disutility (SE)
Current health status
At baseline | 77.70 (14.59) | 0.90 (0.11) | -
At 1 year 76.96 (14.18) | 0.90 (0.11) | -

Hypothetical case

UGIB 50.81 (20.75) | 0.73 (0.22) | -0.16 (0.01)*
Post UGIB | 73.71 (15.46) | 0.90 (0.12) | 0.00 (0.01)
Stroke 3536 (21.53) | 0.41 (0.26) | -0.49 (0.01)

Post stroke | 59.40 (18.80) | 0.73 (0.17) | -0.17 (0.01)*

Table 2. Utilities and disutilities for current and four hypothetical health statuses. *P-value <0.05 from a linear
mixed random intercept model. EQ-VAS: EuroQol-visual analogue scales, EQ-5D: EuroQol-5-Dimension, GI:
Gastrointestinal, SD: standard deviation, SE: standard error.

UGIB Stroke

UGIB Post-UGIB | Stroke Post-Stroke

vs. current health | vs. UGIB vs. current health | vs. Stroke
EQ-5D index
Lower | 274 (70.08) 4(1.02) 374 (95.65) 5(1.28)
Higher | 36 (9.21) 278 (71.1) 4(1.02) 346 (88.49)
Same 81 (20.72) 109 (27.88) | 13 (3.32) 40 (10.23)
Mobility
Worse | 189 (48.34) 2(0.51) 364 (93.09)
Better | 14 (3.58) 194 (49.62) |2(0.51) 329 (84.14)
Same | 188 (48.08) 195 (49.87) | 25 (6.39) 62 (15.86)
Self-care
Worse | 199 (50.9) 1(0.26) 370 (94.63) 2(0.51)
Better | 3 (0.77) 192 (49.10) | ... 329 (84.14)
Same 189 (48.34) 198 (50.64) |21 (5.37) 60 (15.35)
Usual activity
Worse | 202 (51.66) 2(0.51) 370 (94.63) 1(0.26)
Better | 9 (2.30) 197 (50.38) | 1(0.26) 329 (84.14)
Same 180 (46.04) 192 (49.1) 20 (5.12) 61 (15.6)
Pain/Discomfort
Worse | 172 (43.99) 3(0.77) 348 (89.00) 2(0.51)
Better | 31(7.93) 188 (48.08) |4 (1.02) 319 (81.59)
Same 188 (48.08) 200 (51.15) |39 (9.97) 70 (17.9)
Anxiety/Depression
Worse | 238 (60.87) 2(0.51) 358 (91.56) 5(1.28)
Better | 11(2.81) 227 (58.06) | 1(0.26) 303 (77.49)
Same 142 (36.32) 162 (41.43) |32(8.18) 83 (21.23)

Table 3. The percentages of EQ-5D level responses across health states, n (%). EQ-5D: EuroQol-5-Dimension.

of AF patients without UGIB or stroke but shows the UGIB attributed to the lower HRQoL. In this study, patients
perceived UGIB as a temporary condition, with HRQOL nearly returning to baseline post-UGIB (utility: 0.90),
whereas post-stroke valued lower (0.73). This suggests that UGIB was perceived as largely transient, with HRQoL
expected to return close to baseline after resolution. In contrast, stroke has the potential to significantly and
irreversibly reduce the patients HRQoL. This pattern was consistent across both the disutility estimates and the
distribution of individual vignette valuations. As shown in Supplementary Figure S2 and Supplementary Figure
S3, this trend was consistent across all dimensions of the EQ-5D. This suggests that UGIB, though distressing, is
not as debilitating in the long term as stroke.

The study by Sadlonova et al.** analyzed HRQoL, anxiety, and depressive symptoms in AF patients after
stroke. The utility measured with EQ-5D increases relative to baseline at 3 months (0.37), 6 months (0.43), and
12 months follow-up (0.44). The study concludes that stroke survivors generally show improvements in HRQoL,
and reductions in anxiety. Joundi et al.’! conducted a systematic review and meta-analysis on utility in patients
with stroke. Although this study not considered AF patients, pooled utility was the lowest during hospitalization
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Current UGIB occurred UGIB stroke

Fig. 1. Sankey diagram of transitions in EQ-5D anxiety/depression levels across the UGIB scenarios
Arrangement - a left bar: current, a middle bar: event occurred, a right bar: post-event; Color - blue-green
is level 1, yello is level 3, and red is level 5. Level 1 =1 have no problems; Level 2 =TI have slight problems;
Level 3=1 have moderate problems; Level 4=1 have severe problems; Level 5=1 am unable. UGIB, upper
gastrointestinal bleeding.

(0.39), followed by at rehabilitation (0.57), at 3 months (0.65), and at 5 years after stroke (0.70). Although we
did not specify a post-stroke time point, and patients assessed HRQoL based on hypothetical health conditions
rather than experienced stroke, the difference between the stroke and the post-stroke was similar to those
reported in the previous studies’®>! (0.37 to 0.44 in Sadlonova et al.*%; 0.26 to 0.31 in Joundi et al.>; 0.31 in our
study). In AF patients, anxiety was inversely related with stroke®**2. Our results also shows that stroke affected
not only activity-related domains but also anxiety/depression domains.

In our vignette-based valuations, UGIB was perceived to affect the anxiety/depression dimension especially.
Beyond bleeding itself, fear of bleeding is a common concern for patients with AE**3 In addition to managing
the bleeding episode itself, clinicians may need to address patients’ psychological burden and uncertainty
related to anticoagulation after a bleeding event®*. Practical approaches could include clear communication
regarding plans for temporary interruption and resumption of anticoagulation when clinically appropriate,
given the competing risks of bleeding and thromboembolism®*. This concern may be particularly salient in
frail and clinically complex AF populations, where anticoagulation decisions are frequently individualized to
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Current Stroke occurred Post Stroke

Fig. 2. Sankey diagram of transitions in EQ-5D usual activities levels across the stroke scenarios. Arrangement
— aleft bar: current, a middle bar: event occurred, a right bar: post-event; Color - blue-green is level 1, yello

is level 3, and red is level 5. Level 1=1I have no problems; Level 2 =1 have slight problems; Level 3 =1 have
moderate problems; Level 4 =1 have severe problems; Level 5=1 am unable. UGIB, upper gastrointestinal
bleeding.

balance competing thromboembolic and bleeding risks*. Recent observational data have shown that stopping
DOAC: is associated with poorer clinical outcomes, such as increased risks of all-cause death and major adverse
cardiovascular events®’. This highlights the potential dangers of extended discontinuation interruption. Existing
decision aids and DOAC decision-support tools for AF emphasize individualized benefit-risk communication.
These perceived utilities may also support shared decision-making by making patient-valued trade-offs more
explicit when discussing DOAC. Incorporating patient-perceived disutility estimates for stroke and UGIB may
help clinicians better understand how patients perceive these conditions. Our exploratory finding that PPI co-
therapy does not significantly change the perceived disutility of UGIB indicates that the psychological burden of
bleeding events stays high regardless of preventive medication, highlighting the importance of patient education.

We also analyzed the factors related to the utility. A lot of studies?*?1:232>3-44 haye reported impaired HRQoL
in patients with AF and analyzed associated factors; age, female, and symptomatic AF influence HRQoL,?
focusing on EQ-5D, age, gender, AF type and symptom were established as factors®>. Our study revisited the
fact that age, sex, symptoms (EHRA symptom classification) and BMI were associated with utility. Our findings
are consistent with a trend of utility in the Korean population and previous studies that state that older age is
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Adjusted ratio® of EQ-5D index (95% CI)

Exploratory: adjusted change® in EQ-5D index (95% CI)

Age 0.996 (0.994-0.998)¢ -0.004 (-0.006-0.002)¢
Sex

Male 1.030 (1.001-1.059)¢ 0.032 (0.007-0.056)
Female 1.000 1.000

Body Mass Index 0.995 (0.991-0.998)¢ -0.004 (-0.007-0.000)°

CHA,DS,-VASc score

1.008 (0.997-1.019)

0.005 (-0.007-0.017)

HAS-BLED score

0.983 (0.967-0.999)¢

-0.014 (-0.032-0.004)

Cognitive dysfunction

KDSQ-H score

0.988 (0.981-0.994)¢

-0.012 (-0.019-0.005)¢

KDSQ-D score

0.977 (0.971-0.983)¢

-0.028 (-0.034-0.021)¢

KDSQ-C score

0.992 (0.988-0.995)¢

-0.006 (-0.01-0.002)¢

Classification
Paroxysmal AF 1.014 (0.949-1.083) 0.009 (-0.062-0.081)
Persistent AF 1.012 (0.948-1.080) 0.013 (-0.058-0.084)

Permanent AF

0.910 (0.707-1.172)

-0.110 (-0.375-0.156)

AFL

1.000

1.000

Duration of AF

Less than 1 year

1.018 (0.987-1.051)

0.031 (-0.004-0.066)

1 to 5 years

0.996 (0.975-1.017)

-0.003 (-0.026-0.020)

Over 5 years

1.000

1.000

EHRA symptom classification

1

1.054 (1.002-1.110)¢

0.023 (-0.032-0.078)

2a

1.017 (0.965-1.073)

-0.017 (-0.075-0.040)

2b

1.000

1.000

Cardiac Implantable Electronic Device!

S

None

0.997 (0.839-1.183)

0.039 (-0.140-0.218)

Pacemaker

1.016 (0.854-1.209)

0.039 (-0.143-0.221)

Implantable cardioverter-defibrillator

1.024 (0.82-1.279)

0.052 (-0.186-0.290)

Cardiac resynchronization therapy

1.000

1.000

DOAC

Apixaban 0.985 (0.960-1.011) -0.017 (-0.046-0.011)
Dabigatran 1.010 (0.958-1.063) 0.018 (-0.040-0.077)
Edoxaban 1.004 (0.975-1.033) 0.002 (-0.030-0.033)
Rivaroxaban 1.000 1.000

Table 4. Factors associated with EQ-5D index of AF patients (n=1,091). Smoking status, drinking status,
use of cardioversion/AF catheter ablation and family history were included as covariates in the analysis.
Inverse of exponentiated coefficients (1/exp[f]) from a gamma GLM,; values > 1 indicate higher EQ-5D index.
b Tobit regression coefficients (B) for EQ-5D index (bounded at 0-1). °P-value <0.05. ACS: Acute Coronary
Syndrome, AF: Atrial Fibrillation, AFL: Atrial Flutter, DOAC: Direct Oral Anti. coagulant, EHRA: European
Heart Rhythm Association, PCI: Percutaneous Coronary Intervention, TIA: Transient Ischemic Attack, GI:
Gastrointestinal.

associated with decreased utility?!->*%°. Regarding gender, men were more likely to report higher HRQoL. It was

consistent with numerous previous studies*-*2. Interestingly, Freeman et al.*® reported the effect of comorbidity,
but in our study, it was foundd to be insignificant. It seems to be due to the difference in adjusting comorbidity.
Freeman et al.*® reported HRQoL without adjusting other factors, while our study presented the estimates after
adjusting all included factors.

Beyond previous studies, we considered patients’ cognitive function as a candidate for the factor affecting
HRQoL in patients with AF because OAC is known to increase the risk of cognitive decline, mild cognitive
impairment, and dementia in patients with AF. We found an association between cognitive dysfunction (indexed
as the KDSQ-C/H/D scores) and HRQoL in patients with AF. Pan et al.?’ reported that the EQ-5D index and
VAS scores were significantly lower for older Chinese with cognitive dysfunction than their counterparts using
5,557 individuals of community-based cross-sectional data. After adjusting covariates, the difference in the EQ-
5D index was —0.016 (95% CI: —0.024 to —0.008); Srinoprasert et al.?! reported that dementia is associated with
low HRQoL in older AF patients. Both studies consistently showed a lower utility.

Our study has several limitations. First, our approach utilized a scenario survey based on assumptions rather
than patients’ experiences, which might render the results less accurate. A limitation is that vignette validity was
supported primarily by expert review and standardized administration; only a small lay pilot was conducted, and
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formal patient cognitive debriefing and readability testing were not performed. Future work could strengthen face
validity through patient-led pilot testing. However, the utility valuse we elicited were similar to previous reviews
and studies. Second, although all patients were enrolled from a randomized controlled trial, this substudy was
conducted at a single tertiary hospital. It included only patients who completed both baseline and 1-year follow-
up assessments. This may have introduced selection bias and limits the generalizability of the findings to broader
or more diverse populations. However, compared with non-completers, completers were modestly younger with
slightly lower CHA,DS,-VASc scores, while most other baseline clinical characteristics were broadly similar
(Supplementary Table S2). Bleeding risk (HAS-BLED) and major comorbidities were comparable, partially
mitigating concerns regarding systematic bias. Third, considering that the average age of the patients was 74
years, with more than 50% falling in their 70s, caution is advised when generalizing these findings to patients in
different age groups. Fourth, no formal sample size calculation was performed for this substudy, and while the
final sample (1 =391) was sufficient for utility estimation, the precision of subgroup analyses may be limited.

Despite the several limitations, this study is the first to assess the utility of stroke and UGIB simultaneously
in patients with AE This addresses an important and often overlooked aspect of anticoagulant therapy, patients’
perception of the burden associated with thromboembolic and bleeding events. By quantifying the HRQoL
impact of hypothetical stroke and UGIB scenarios, we sought to provide evidence directly applicable to clinical
decision-making, policy modeling, and patient counseling. In addition, these vignette-derived perceived
utilities/disutilities may serve as pragmatic inputs for cost-utility analyses when event-based HRQoL data are
difficult to obtain. Due to the strong association between UGIB and psychological distress, adequate mental
health support should be provided to affected patients.

Conclusion

Our study employed a vignette to quantify the HRQoL related to events that AF patients might encounter during
the DOAC therapy, such as stroke and UGIB. Participants valued the hypothetical stroke as having a larger
disutility than the hypothetical UGIB. Although stroke had a greater overall impact on HRQoL, UGIB—despite
its smaller disutility—was perceived as emotionally distressing and more reversible. These perceived utilities
may support patient-centered communication and can be incorporated into cost-utility analyses evaluating
anticoagulation strategies. This study provides valuable utility values that can be applied in cost-utility studies
and health policy evaluations in anticoagulation care.

Data availability

De-identified individual participant data, including the data dictionary and statistical code, will not be shared
due to legal and ethical restrictions imposed by the Institutional Review Board and national data protection
regulations.
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