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BACKGROUND: Oral anticoagulation reduces stroke and disability in atrial fibrillation (AF) but is underused. We evaluated the 
effects of a novel patient- clinician shared decision- making (SDM) tool in reducing oral anticoagulation patient’s decisional 
conflict as compared with usual care.

METHODS AND RESULTS: We designed and evaluated a new digital decision aid in a multicenter, randomized, comparative ef-
fectiveness trial, ENHANCE- AF (Engaging Patients to Help Achieve Increased Patient Choice and Engagement for AF Stroke 
Prevention). The digital AF shared decision- making toolkit was developed using patient- centered design with clear health 
communication principles (eg, meaningful images, limited text). Available in English and Spanish, the toolkit included the fol-
lowing: (1) a brief animated video; (2) interactive questions with answers; (3) a quiz to check on understanding; (4) a worksheet 
to be used by the patient during the encounter; and (5) an online guide for clinicians. The study population included English or 
Spanish speakers with nonvalvular AF and a CHA2DS2- VASc stroke score ≥1 for men or ≥2 for women. Participants were ran-
domized in a 1:1 ratio to either usual care or the shared decision- making toolkit. The primary end point was the validated 16- 
item Decision Conflict Scale at 1 month. Secondary outcomes included Decision Conflict Scale at 6 months and the 10- item 
Decision Regret Scale at 1 and 6 months as well as a weighted average of Mann– Whitney U- statistics for both the Decision 
Conflict Scale and the Decision Regret Scale. A total of 1001 participants were enrolled and followed at 5 different sites in 
the United States between December 18, 2019, and August 17, 2022. The mean patient age was 69±10 years (40% women, 
16.9% Black, 4.5% Hispanic, 3.6% Asian), and 50% of participants had CHA2DS2- VASc scores ≥3 (men) or ≥4 (women). The 
primary end point at 1 month showed a clinically meaningful reduction in decisional conflict: a 7- point difference in median 
scores between the 2 arms (16.4 versus 9.4; Mann– Whitney U- statistics=0.550; P=0.007). For the secondary end point of 
1- month Decision Regret Scale, the difference in median scores between arms was 5 points in the direction of less decisional 
regret (P=0.078). The treatment effects lessened over time: at 6 months the difference in medians was 4.7 points for Decision 
Conflict Scale (P=0.060) and 0 points for Decision Regret Scale (P=0.35).

CONCLUSIONS: Implementation of a novel shared decision- making toolkit (afibg uide.com; afibg uide.com/clini cian) achieved 
significantly lower decisional conflict compared with usual care in patients with AF.
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Atrial fibrillation (AF) is associated with an increased 
risk of thromboembolism and stroke. Oral anti-
coagulation diminishes this risk, improves clinical 

outcomes, and reduces major disability in patients with 
AF at increased risk of stroke.1,2 However, oral antico-
agulation is both underused (with less than half of high- 
risk patients receiving anticoagulation)3,4 and adhered to 

inadequately. A failure to adequately involve patients in 
discussions centered around anticoagulation contributes 
to these shortfalls. A large number of patients with AF 
are perplexed about the risk– benefit ratio of oral stroke 
prevention therapy and continue to have significant deci-
sional conflict related to oral anticoagulation.5– 7 A sound 
decision- making process relies on patients having a suf-
ficient knowledge of oral anticoagulation for treatment as 
well as adequate motivation to participate in making de-
cisions.8,9 Patient knowledge about the disease process, 
available therapeutic options, and their personal values 
and preferences are essential for success. Even mod-
est increases in decisional regret have been shown to 
be associated with increased likelihood to change one’s 
mind or for the provider to be blamed.10 Shared decision- 
making (SDM) processes have been introduced in a 
wide range of clinical settings and may facilitate com-
munication about anticoagulation and thereby improve 
outcomes.11– 18 Patients who make decisions consistent 
with their goals generally have increased levels of pa-
tient satisfaction and engagement and frequently have 
greater patient adherence scores.6 This patient- centered 
approach results in increased clinician responsiveness 
to patient’s individual preferences and values.6 Although 
clinicians generally assume that all patients are equally 
“ready” to make decisions about their health, there are 
several critical barriers to successful patient decision 
making.19– 23 We, therefore, hypothesize that the use 
of our novel patient– clinician shared decision- making 
(SDM) toolkit will reduce anticoagulation- related deci-
sional conflict as compared with usual care (UC).

METHODS
Design of SDM Tool: A Patient- Centered 
Approach
The digital toolkit, a web- based application, plays a 
central part in the shared decision- making pathway 
and was developed through a patient- centered design 
approach. Our goal was to develop a tool that would 
address many of the educational, socioeconomic, and 
health literacy barriers in shared decision making. We 
collaborated with Daylight Design (San Francisco, CA), 
to use design thinking, a human- centered design ap-
proach, deep patient interviews and observations, and 
wireframe mockups for concept generation to create 
animated and highly graphical videos with limited use 
of text.

Throughout the tool- making process, patients pro-
vided input iteratively to identify needed changes in the 
toolkit design, including usability and understandability 
of content. Blackbird Studios (San Francisco, CA) de-
veloped the tool’s software, with a strong focus on ro-
bust performance across different hardware platforms 
and varying levels of Internet connectivity, including the 

CLINICAL PERSPECTIVE

What Is New?
• A new, multiplatform atrial fibrillation digital tool 

was developed in English and Spanish to en-
hance the process of patient- clinician shared 
decision making for stroke prevention with oral 
anticoagulants.

• The use of this digital toolkit by patients be-
fore a visit and by clinicians during the visit 
empowered participant involvement through a 
sequence of important low- health literacy mes-
sages presented in an animated video with 
graphical illustrations of information.

• As compared with a usual care group, the use 
of a digital toolkit improved patients’ knowledge 
of atrial fibrillation and their assessment of the 
decision- making process as reflected by low-
ered decisional conflict.

What Are the Clinical Implications?
• This digital toolkit can be used by clinicians in 

their decision- making discussions with patients 
centered around oral anticoagulation for stroke 
prevention in atrial fibrillation.

• This patient-  and clinician- centered end- user 
approach to the design of a digital shared 
decision- making toolkit has potential applica-
tion to other clinical contexts, particularly tech-
nically complex issues where patient preference 
can affect the balance between benefits and 
harms.

Nonstandard Abbreviations and Acronyms

CE composite end point
DCS Decision Conflict Scale
DRS Decision Regret Scale
ENHANCE- AF Engaging Patients to Help 

Achieve Increased Patient 
Choice and Engagement for AF 
Stroke Prevention

SDM shared decision- making
UC usual care
WMW Wilcoxon- Mann– Whitney
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ability to function offline, which may be particularly im-
portant in underresourced settings.

In addition to an animated video, other tools included 
(1) interactive questions with answers, (2) a quiz to 
check on patient understanding, (3) a worksheet for the 
patient to record questions for the clinician visit (https://
afibg uide.com), and (4) an online guide that the clinician 
may use to illustrate key messages about anticoagula-
tion for AF stroke prevention (https://afibg uide.com/clini 
cian). Figure 1 depicts key elements of our tool.

Design of Clinical Trial
A randomized comparative effectiveness trial was 
performed to evaluate the effectiveness of the SDM 
Pathway. The design of the trial has been published 
previously.24

The study population included English or Spanish 
speakers ≥18 years of age with nonvalvular AF and a 
CHA2DS2- VASc score ≥1 for men or ≥2 for women. 
Patients with moderate to severe mitral stenosis, me-
chanical valve replacement, absolute contraindications 
to anticoagulation, left atrial appendage exclusion (by 
surgery or device placement), or any indication for anti-
coagulation therapy for a condition other than AF were 
not eligible for the study.

Intervention and UC Arms
In the intervention arm (SDM), the participant used a 
digital SDM tool with minimal assistance of a research 
study coordinator. The web- based application was ad-
ministered using a tablet. The study research coordina-
tor instructed the patient on the use of the web- based 

Figure 1. A, Screenshot of patient web app navigation screen leading to 4 parts of the video: (1) patient video; (2) frequently 
asked questions; (3) brief quiz; (4) worksheet.
B, Screenshot of opening scene of patient video with animated characters who take the journey to decide about anticoagulation for 
atrial fibrillation stroke prevention. C, Screenshot of an example of stroke reduction estimate based on atrial fibrillation stroke risk that 
clinician may use via the clinician web app. D, First page of the worksheet given to the patient to indicate key messages. The second 
page (not shown) has space for questions that the patient has for the clinician visit. E, QR codes to the patient tool and clinician tool.

https://afibguide.com
https://afibguide.com
https://afibguide.com/clinician
https://afibguide.com/clinician
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application and stayed with the patient while the pa-
tient used the toolkit. Patient training was uniform and 
not tailored to the patient’s age and the like.

After using the tool, the participant completed a 
worksheet to record any additional questions for the 
clinician visit. As part of the office visit, the clinician 
used a clinician version of the web- based app tool to 
highlight key AF anticoagulation learning points to the 
participant. Clinicians were trained in the use of the 
clinician tool, which included videos about AF stroke 
risk, a risk calculator, and pictures of the available an-
ticoagulant medications. In the control arm (UC), the 
participants and the clinicians were not provided with 
the digital SDM tool and, therefore, followed usual clin-
ical practice. Each participant received their assigned 
intervention 1 time during their baseline clinical visit. In 
both arms of the trial, at the conclusion of the visit, the 
study coordinator administered outcome scales to the 
participants. The study coordinator arranged follow- up 
telephone or video visits 1 and 6 months after the index 
visit to administer selected outcome scales and ac-
quire information regarding participants’ anticoagulant 
usage, clinical events, and other adverse events.

Participants were randomized in a 1:1 ratio to ei-
ther (1) usual care (UC) or (2) our SDM Pathway strat-
ified by study site, prior anticoagulation history, and 
CHA2DS2- VASc score. A random allocation sequence 
was generated a priori by the trial statistician through a 
computer- generated system using blocks of random-
ization sizes randomly selected from 4 or 6.

Participating Sites, Clinical Coordination, 
Data Coordination, and Funding
Five US sites participated in this trial, including Stanford 
University (Stanford, CA), Ochsner Medical Center 
(New Orleans, LA), East Carolina University (Greenville, 
NC), Cleveland Clinic (Cleveland, OH), and Cooper 
HealthCare (Camden, NJ). Stanford Center for Clinical 
Research served as the clinical coordinating center. 
The Stanford Center for Innovative Study Design 
served as the data coordinating center. Research ma-
terials consisted of electronic case report forms en-
tered by the study site coordinators into a secured 
Research Electronic Data Capture relational database 
at Stanford University. An independent clinical monitor 
with experience in the conduct of clinical trials and AF 
studies reviewed study safety information, monitored 
data quality every 6 months, and reported these find-
ings to the trial leadership. The report included adverse 
events; significant adverse events; clinical outcomes 
including strokes, transient ischemic attacks, bleed-
ing, and death; and aggregated trial status, including 
protocol deviations, participant enrollment numbers, 
participant withdrawal and lost to follow- up numbers, 
data completeness, and data quality measures.

The study was approved by the Stanford Institutional 
Review Board, and participants gave their written in-
formed consent.

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

Study End Points
The primary end point was the Decision Conflict Scale 
(DCS) score at 1 month after the clinical visit when 
anticoagulation decisions were made and immedi-
ate postvisit outcome surveys were completed. This 
primary end point was selected to reflect the par-
ticipants’ priority of what is most important to them. 
We administered a Decision-making and Choices to 
Inform Dialogue and Empower A-Fib Patients (DECIDE) 
Outcome Questionnaire to 100 potential participants. 
Of these participants, 77 (77%) considered the DCS25 
to be more relevant to them than the Decision Regret 
Scale (DRS). Two key secondary end points were pro-
posed: the DRS and a composite end point of DCS and 
DRS (designated as CE) that integrated patients’ pref-
erences at 1 month after decision. The composite end 
point of DCS and DRS was constructed according to 
the method in Lu et al.26 Specifically, it was a weighted 
average of Mann– Whitney U- statistics for DCS (de-
noted as U1) and DRS (denoted as U2), mathemati-
cally, CE=0.77U1+0.23U2, where the weight of 0.77 
and 0.23 was derived from the Outcome Questionnaire 
Study. The rationale for this end point is to consider not 
only the preference of the majority (77%) but also the 
minority (23%) of participants who prefer the DRS, thus 
accounting for heterogeneity of the participant popu-
lation. We developed an 8- item AF knowledge scale 
(range, 0– 8) assessing participant understanding of 
AF, stroke risk, and anticoagulation. Anticoagulation 
medication persistence and adherence, based on 
participant self- reported missed doses, were also 
prespecified secondary outcomes and assessed by 
questionnaires. Secondary safety end points covered 
postbaseline clinical end points, including major bleed-
ing, stroke, transient ischemic attack, deep venous 
thrombosis or pulmonary embolus, and death. Major 
bleeding was defined as requiring a transfusion of ≥2 
units modified on the basis of criteria from the Control 
of Anticoagulation Subcommittee of the International 
Society on Thrombosis and Hemostasis.27 Additional 
secondary end points reported in this paper included 
the DCS, DRS, and the composite end point for other 
visits; Preparation for Decision Making28 postbaseline; 
changes in AF knowledge from baseline; duration of 
clinical visit; duration of anticoagulation medication 
discussion during the visit; anticoagulation medication 
decisions reported by clinicians and participants and 
their agreements; and quality of communication.
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Statistical Analysis
The Consolidated Standards of Reporting Trials guide-
lines were used for reporting trial results. Statistical 
analyses were performed using RStudio (2022.07.1 
Build 554, Boston, MA). All clinical trial data were 
entered directly from the participating sites into the 
Research Electronic Data Capture database. Data 
monitoring and quality control followed a prespecified 
data monitoring plan. The statistical analysis was per-
formed for the intent- to- treat population. Treatment ef-
fects were evaluated for significance (P<0.05, 2- sided).

Sample Size

Based on prior studies10 and work by Kunneman et al,5 
we targeted an effect size above 31% for DCS. Using 
the Wilcoxon- Mann– Whitney (WMW) U- statistics, the 
corresponding U statistic equals 58.68%. Since there 
is a lack of literature on the treatment effect of the DRS, 
we targeted an effect size above 20%, a U- statistic 
of 55.60%. Using the sample size formula given by 
Shieh29 and a R- package WMWPOW version 0.1.2, 
we planned a sample size of 1000 participants with an 
anticipated 5% lost to follow- up, leading to a total of 
950 evaluable participants. The corresponding pow-
ers to reject the null hypothesis of no treatment differ-
ences for DCS, DRS, and CE at the 1- month visit were 
99.7%, 84.8%, and 98.7%, respectively.

Analysis Methods

Key baseline and demographic characteristics were 
summarized for all participants by treatment arms. The 
means and SDs were computed for continuous vari-
ables, and frequency and percentages were presented 
for categorical variables. Median and range were used 
to summarize ordinal outcome scales. No formal sta-
tistical hypothesis testing was performed to compare 
the baseline characteristics, as the patients were ran-
domly assigned into treatment arms. There were no 
treatment arm– specific statistics for CE because this 
end point was valid only in comparing treatment arms.

We used the Wilcoxon rank test to compare DCS 
an DRS between arms. A permutation test of 200 000 
times was used to determine the significance of CE 
under the null hypothesis of CE=0.5. To control for 
type I error attributable to multiple tests, the primary 
end point was tested first, and 2 key secondary end 
points were tested only when the primary end point 
reached statistical significance. The Holm– Bonferroni 
method was used to adjust for type I errors of the 2 
key secondary end points. The protocol indicated that 
no multiple comparison adjustments would be used for 
other secondary end points. A Wilcoxon test was used 
for ordinal variables and Fisher’s exact test for cate-
gorical variables. To evaluate the interactions between 

treatment and a few prespecified subgroups, we used 
the aligned rank transform ANOVA and R- package 
ARTool to calculate their significance levels.

Missing Data and Sensitivity Analysis

Sensitivity analyses were performed for the primary 
end point of the trial. A total of 5.8% (58/1001) of par-
ticipants missed the primary end point, which was 
close to the anticipated 5% dropout rate. The chance 
of missing was associated with baseline characteris-
tics of high risk of stroke, high blood pressure, and age 
groups, and the missing at- random assumption was 
violated. We used the inverse probability of observed 
data to correct for missing data in the primary sensi-
tivity analysis. Logistic regressions were performed to 
estimate the probability of observing the primary end 
point for each treatment arm using all baseline charac-
teristics. The weight of the inverse probability was used 
to derive a weighted WMW U- statistic, and a permuta-
tion test was performed to determine its significance. 
We further performed 2 additional sensitivity analyses. 
First, we imputed the missing data in the UC arm by 
the median DCS from the SDM arm and the missing 
data in the SDM arm by the median DCS from the 
UC arm. A Wilcoxon test was then used to compare 
treatment arms. Second, we included all participants 
in the calculation of WMW U- statistic. When compar-
ing a participant with a missing primary end point with 
another participant from the opposite arm, a tie score 
(0.5) was assigned. A permutation test was then used 
to determine the significance. The full results of these 
sensitivity analyses are presented in Table S1.

RESULTS
Trial participants were enrolled and followed- up be-
tween 12/18/2019 to 08/17/2022. The Consolidated 
Standards of Reporting Trials diagram (Figure  2) in-
dicates the flow of patients who were screened and 
randomized into an intervention arm and the UC arm. 
Of 1620 patients who were screened, 1099 were found 
eligible, and 1001 (91%) consented and were random-
ized into the trial. The demographic characteristics are 
shown in Table 1.

The mean age of these 1001 participants age was 
69.0±10.2 years, with 60% of them men (n=602/1001), 
and they were all randomized into either the interven-
tion arm (495 participants: 68.9±10.5 years; 294 (59.4%) 
men) or the UC arm (506 participants: 69±10.0 years; 
308 (60.9%) men). Overall, 73% participants were non- 
Hispanic White, 4% Hispanic, 17% Black, and 4% 
Asian.

About 64% of participants had education through 
college or beyond. Approximately 48% of patients had 
either no history of anticoagulation use or were on it 
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for <6 months. The mean and SD of CHA2DS2VASc 
scores was 3.4±1.5. At baseline, participants had high 
prevalence of diabetes (26%), hypertension (81%), prior 
stroke or transient ischemic event (13%), and vascu-
lar disease (32%). Twenty- nine percent of participants 
were ≥75 years of age. The median AF knowledge at 
baseline was 6.0 with interquartile range between 5.0 
and 7.0. Atrial Fibrillation Severity Scale total burden 
had a median of 13.0 with an interquartile range be-
tween 9.0 and 19.0.

The baseline demographic and clinical character-
istics were comparable between the 2 arms except 
for race and ethnicity. There were more non- Hispanic 
White Americans in SDM and more Hispanic and Black 
participants in UC. Since randomization was assigned 

according to blinded and predeveloped sequence, ra-
cial and ethnic difference was attributable to chance.

Clinical Visits and Postintervention 
Outcomes
Table 2 shows results of participant and clinician surveys 
of their clinical visits and immediate postvisit outcome 
scales. Participants in the SDM arm observed a non-
significantly shorter visit (median for UC, 21– 30 minutes; 
and for SDM, 11– 20 minutes; P=0.330). During this visit, 
participants in the SDM arm spent more time with their 
clinicians discussing anticoagulation strategies (median, 
0– 10 minutes for both arms; P=0.015; percentage of 
10 minutes+, 31% UC and 39% SDM). More participants 

Figure 2. Consolidated standards of reporting trials diagram.
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in the SDM arm reported better quality of communica-
tion with their clinicians (median for both arms was “Yes, 
definitely”; P=0.069) and that clinicians listened carefully 
(median for both arms was “Yes, definitely”; P=0.004). 
There was no difference with regard to clinicians’ re-
spect for what participants had to say (P=0.24). The 
most common decisions made in the visit regarding an-
ticoagulation medication reported by participants were 
apixaban, rivaroxaban, dabigatran, or edoxaban, with 
87% reported by clinicians in both arms, 86% in the UC 
arm, and 88% in the SDM arm. The participants and cli-
nicians were in high agreement (96% in both arms) with 
their anticoagulant use decisions (P=0.78).

In the immediate postvisit outcome evaluation, par-
ticipants in the SDM arm had significantly lower DCS 
score (median, 12.5 for UC and 6.2 for SDM; P<0.001), 
significantly lower DRS score (median, 10 for UC and 5 
for SDM; P=0.016), significantly higher AF knowledge 
(median, 6.0 for UC and 7.0 for SDM; P<0.001), signifi-
cantly higher preparation for decision making (median, 
70.0 for UC and 82.5 for SDM; P<0.0001) and favor-
able CE.

Primary and Selected Secondary End 
Points at 1-  and 6- Month Follow- Up
Table  3 shows the primary and selected secondary 
outcomes at 1-  and 6- month follow- up visits. The pri-
mary end point of 1- month DCS achieved a 7- point 
difference in median scores between 2 arms (median, 
16.4 versus 9.4; U=0.550; P=0.007), indicating a clini-
cally relevant degree of decreased decisional conflict 
in participants in the intervention arm (see Discussion 
for impact of each unit of change). For the secondary 
end point of 1- month DRS, the difference in median 
scores between arms was 5 points (median, 10.0 UC 
versus 5.0 SDM; P=0.078, both with and without ad-
justment for multiple comparisons). The CE was sig-
nificantly in favor of SDM (U=0.55; P=0.0023 without 
adjustment, 0.0104 with adjustment). After 1 month, 
median AF knowledge (median, 6.0 UC versus 7.0 
SDM; P=0.0009) as well as its change from baseline 
was greater in the SDM arm compared with the UC 
arm (P=0.009).

The treatment effects lessened over time. At 
6 months, the difference in medians was 4.7 points 
for DCS (median, 10.9 UC versus 6.2 SDM; P=0.060) 
and 0 points for DRS (median, 5.0 UC versus 5.0 SDM; 
P=0.35). However, the CE was 0.53 with a P value of 
0.043. The significant difference between treatment 
arms for AF knowledge and changes from baseline 
(median, 6.0 UC versus 7.0 SDM; P=0.007) remained. 
All P values for 6 month comparisons were not ad-
justed for multiple comparisons.

Clinical Outcomes
There was no difference in the number of participants 
with at least 1 clinical outcome (P=0.16) and death 
(Tables S2 and S3). Similarly, there was no difference 
in the number of participants experiencing adverse 
events.

Anticoagulation Decision and Medication 
Adherence
At 1 and 6 months, there was no significant difference 
in the anticoagulant decision between the UC and 
SDM arms (Tables  S4 and S5). At 1 and 6 months, 
there were no significant differences in the number of 

Table 1. Patient Demographic and Baseline Variables

Usual care 
(N=506)

Tool 
intervention 
(N=495)

Age, mean (SD) 69.0 (±10.0) 68.9 (±10.5)

Sex, male, n (%) 308 (60.%) 294 (59.4)

Race and ethnicity, n (%)

Non- Hispanic White 356 (70.4) 378 (76.4)

Hispanic or Latino 33 (6.5) 12 (2.4)

Asian 14 (2.8) 22 (4.4)

Black or African American 92 (18.2) 77 (15.6)

American Indian or Alaskan 
Native

0 (0.0) 1 (0.2)

Native Hawaiian or other Pacific 
Islander

1 (0.2) 2 (0.4)

Other or multiple 10 (2.0) 3 (0.6)

Highest level of education, n (%)

No college 156 (30.8) 172 (34.7)

College 239 (47.2) 222 (44.8)

Postgraduate 95 (18.8) 86 (17.4)

Decline to state 16 (3.2) 15 (3.0)

Anticoagulant use duration 
≤6 months or never been on, n (%)

244 (48.2) 241 (48.7)

CHA2DS2VASc score, mean (SD) 3.4 (±1.5) 3.4 (±1.6)

Low AF stroke risk, n (%)* 250 (49.4) 248 (50.1)

Diabetes, n (%) 125 (24.7) 136 (27.5)

Hypertension, n (%) 410 (81.0) 397 (80.2)

Prior stroke/TIA, n (%) 62 (12.3) 64 (12.9)

Vascular disease, n (%) 165 (32.6) 160 (32.3)

Age, y, 65– 74, n (%) 237 (46.8) 208 (42.0)

Age, y, >75, n (%) 142 (28.1) 150 (30.3)

Atrial Fibrillation Severity Scale total burden

n (%) 496 (98) 483 (98)

Median (min, max) 14.0 (3.0, 
30.0)

13.0 (3.0, 30.0)

AF knowledge, median (min, max)

n (%) 505 (>99) 493 (>99)

Median (min, max) 6.0 (0.0, 8.0) 6.0 (0.0, 8.0)

AF indicates atrial fibrillation; and TIA, transient ischemic attack.
*Low risk: Male CHA2DS2- VASc score <3 or female CHA2DS2- VASc score <4.
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patient- reported doses of anticoagulant missed in the 
past week or past month between the UC and SDM 
arms (Tables S6 and S7).

Sensitivity Analysis
A missing primary end point was observed for 5.8% 
of participants (58/1001), and missingness was not 
at random. The inverse probability weight for miss-
ing data correction resulted in a U=0.55 and P=0.012. 
Two sensitivity analyses also support the significant 
improvement in DCS 1 month after visit, with P values 
of 0.018 (imputation by median of opposite arm) and 

Table 2. Intervention Visit and Postintervention Outcome

Usual Care 
(N=506)

Tool 
Intervention 
(N=495) P value

Duration of patient visit, n (%) 0.33

0– 10 min 61 (12.1) 43 (8.7)

11– 20 min 188 (37.2) 209 (42.2)

21– 30 min 128 (25.3) 89 (18.0)

31– 60 min 106 (20.9) 135 (27.3)

>60 min 19 (3.8) 17 (3.4)

Missing 4 (0.8) 2 (0.4)

Duration of explanation/discussion of anticoagulation during 
visit, n (%)

0.015

Did not explain/discuss 2 (0.4) 2 (0.4)

0– 10 min 345 (68.2) 300 (60.6)

11– 20 min 125 (24.7) 160 (32.3)

21– 30 min 17 (3.4) 15 (3.0)

31– 60 min 10 (2.0) 13 (2.6)

>60 min 3 (0.6) 3 (0.6)

Missing 4 (0.8) 2 (0.4)

Clinician reported decision of anticoagulation medication, 
n (%)

0.77

Warfarin (Coumadin) 33 (6.5) 26 (5.3)

Apixaban, dabigatran, 
edoxaban, or rivaroxaban

439 (86.8) 432 (87.3)

To not take a blood 
thinner medication

16 (3.2) 19 (3.8)

To start taking aspirin or 
other antiplatelet agent 
for the purpose of stroke 
prevention

6 (1.2) 4 (0.8)

The decision about 
anticoagulation 
medication was not made 
today

9 (1.8) 12 (2.4)

Missing 3 (0.6) 2 (0.4)

Patient reported decision of anticoagulation medication,  
n (%)

0.37

Warfarin (Coumadin) 35 (6.9) 24 (4.8)

Apixaban, dabigatran, 
edoxaban, or rivaroxaban

434 (85.8) 433 (87.5)

To not take a blood 
thinner medication

16 (3.2) 20 (4.0)

To start taking aspirin or 
other antiplatelet agent 
for the purpose of stroke 
prevention

9 (1.8) 4 (0.8)

The decision about 
anticoagulation 
medication was not made 
today

9 (1.8) 10 (2.0)

Missing 3 (0.6) 4 (0.8)

Agreement between patient and clinician reported decision, 
n (%)

0.78

Yes 483 (95.5) 475 (96.0)

No 19 (3.8) 15 (3.0)

Missing 4 (0.8) 5 (1.0)

 (Continued)

Usual Care 
(N=506)

Tool 
Intervention 
(N=495) P value

Quality of communication— did clinician explain things,* n (%) 0.069

Yes, definitely 475 (93.9) 475 (96.0)

Yes, somewhat 23 (4.5) 14 (2.8)

No 4 (0.8) 1 (0.2)

Missing 4 (0.8) 5 (1.0)

Quality of communication— did clinician listen carefully, n (%) 0.004

Yes, definitely 474 (93.7) 480 (97.0)

Yes, somewhat 24 (4.7) 9 (1.8)

No 4 (0.8) 1 (0.2)

Missing 4 (0.8) 5 (1.0)

Quality of communication— did the clinician show respect, 
n (%)†

0.24

Yes, definitely 487 (96.2) 481 (97.2)

Yes, somewhat 14 (2.8) 7 (1.4)

No 1 (0.2) 2 (0.4)

Missing 4 (0.8) 5 (1.0)

DCS 0.0001

n (%) 502 (99) 489 (99)

Median (min, max) 12.5 (0.0, 
76.6)

6.2 (0.0, 54.7)

DRS 0.016

n (%) 503 (99) 490 (99)

Median (min, max) 10.0 (0, 
65.0)

5.0 (0, 60.0)

DCS and DRS composite 
end point

0.0001

Preparation for decision 
making

<0.0001

n (%) 503 (99) 490 (99)

Median (min, max) 70.0 (0, 100) 82.5 (0, 100)

AF knowledge <0.0001

n (%) 502 (99) 490 (99)

Median (min, max) 6.0 (2.00, 
8.00)

7.0 (2.00, 8.00)

AF indicates atrial fibrillation; DCS, Decision Conflict Scale; and DRS, 
Decision Regret Scale.

*Did the clinician explain things in a way that was easy to understand?
†Did the clinician show respect for what patient had to say?

Table 2. Continued
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0.007 (WMW U test with all patients and using ties for 
all missing observations) (Table S1). We also examined 
whether treatment behaved differently among pre-
specified subgroups through testing the interaction 
between treatment and subgroups. In addition to sub-
groups according to the 3 stratification variables (sites, 
prior anticoagulation usage, and high CHA2DS2VASc 
risk scores), we examined race and ethnicity (Hispanic 
and Black versus non-Hispanic and non-Black) and 
education (no college versus college and beyond) 
subgroups. None of the interactions achieved our 
prespecified significant level. The smallest P value for 
these interactions was 0.28 (interaction of treatment 
and site).

DISCUSSION
Main Findings
This multicenter randomized clinical trial demonstrated 
the beneficial effects of our novel SDM pathway in re-
ducing decisional conflict associated with the deci-
sion to use anticoagulation for AF stroke prevention at 
1 month, our study’s primary end point. The degree of 
decrease in decisional regret observed in our study is 
clinically relevant.

The SDM literature highlights potential benefits of 
computer- aided patient decision- making aids that 
present patients with multiple options and are avail-
able simultaneously for real- time use by clinicians. 

O’Neill et al searched a total of 666 articles, identify-
ing 7 studies studying 6 different AF stroke prevention 
decision aids. Of 6 randomized trials, 4 used control 
arms. These 4 studies with control arms included 3 
with usual care.11– 13 They included interventions such 
as educational booklets alone or booklets accompa-
nied by a worksheet and audiotape, or computerized 
intervention. None of the published manuscripts pro-
vided complete access to these tools.

Our tool consisted of a digital toolkit that the clinician 
used to calculate personalized stroke risk (Figure 1) as 
well as a video (Figure 1) that patients viewed before 
the clinician visit. The digital toolkit included a quiz to 
assess patients’ knowledge with an ability to review 
the correct answer. It included frequently asked ques-
tions that the participants could select. Finally, par-
ticipants were given a worksheet (Figure  1) to select 
questions that could be discussed with the clinician. 
We provide access to the toolkit with the URLs (https://
afibg uide.com; https://afibg uide.com/clini cian) and QR 
codes (Figure 1).

In contrast to our study’s findings, a recently pub-
lished randomized trial of an AF stroke prevention 
decision aid observed no significant reduction in de-
cisional conflict. This study by Kunneman et al5 re-
ported DCS scores with a mean of 16.6 (14.4) in the 
intervention arm and 17.9 (14.9) in the UC arm. The in-
tervention used in this study11 was an electronic digital 
tool called the Anticoagulation Choice tool that physi-
cians used during clinician visits. The tool consisted of 

Table 3. Primary and Secondary Outcomes

Month 1 Month 6

Usual care 
(N=506)

Tool 
intervention 
(N=495) P value

Usual care 
(N=506)

Tool 
intervention 
(N=495) P value

DCS 0.007* 0.06

n (%) 482 (95) 461 (93) 455 (90) 440 (89)

Median (min, max) 16.4 (0, 89.1) 9.4 (0, 81.3) 10.9 (0, 90.6) 6.2 (0, 81.3)

DRS 0.078† 0.35

n (%) 482 (95) 461 (93) 454 (90) 440 (89)

Median (min, max) 10.0 (0, 90.0) 5.0 (0, 80.0) 5.0 (0, 75.0) 5.0 (0, 100)

Weighted DCS and DRS 
composite score

0.0009† 0.043

Preparation for decision 
making

<0.0001 <0.0001

n (%) 482 (95) 461 (93) 454 (90) 440 (89)

Median (min, max) 72.5 (0, 100) 82.5 (0, 100) 75.0 (0, 100) 87.5 (0, 100)

Change of AF knowledge 
from baseline

0.009 0.007

n (%) 481 (95) 461 (93) 454 (90) 440 (89)

Median (min, max) 0.0 (−4.0, 7.0) 1.0 (−4.0, 6.0) 0.0 (−4.0, 7.0) 1.0 (−4.0, 6.0)

AF indicates atrial fibrillation; DCS, Decision Conflict Scale; and DRS, Decision Regret Scale.
*Primary end point.
†Key secondary end points: P values were adjustment for 2 end points using the Holm– Bonferroni method.

https://afibguide.com
https://afibguide.com
https://afibguide.com/clinician
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2 components: a risk calculator to calculate personal-
ized risks for thromboembolic strokes at 1 and 5 years, 
and issue cards that supported patient– clinician con-
versation on patient- related factors that may affect the 
choice of agent and the patient’s ability to adhere to 
anticoagulation (eg, diet, recreational activities, and 
travel). Patients were able to request a printed copy of 
the tool from their clinician, which they could use later 
to share with others and to review, confirm, or revisit 
the decision.

In the Kunneman study, the mean DCS scores in the 
UC arm was 17.9, higher than observed in our study UC 
arm, which was 12.5 after the visit, 16.4 at 1 month, and 
10.9 at 6 months. A higher score indicates a greater de-
cision conflict, and one might speculate that it would be 
easier to demonstrate a decrease in decisional conflict 
in the Kunneman et al study.5 In this study, only a clini-
cian tool was used. We are unable to ascertain whether 
our use of low- health- literacy patient tools could explain 
the difference in our study results as compared with 
study results published by Kunneman et al.5

We designed our tools with several specific goals in 
mind. Our video uses a minimal amount of text and is 
graphically rich to be suitable for patients with a wide 
range of health literacy. Similarly, our gentle quiz is de-
signed to reinforce key concepts such as the increased 
risk of stroke in AF. A set of frequently asked questions 
is designed to address additional questions that the 
patient may have and to reinforce key messages in the 
video. The worksheet combined with the clinician tool 
is designed to enhance communication between the 
patient and the clinician in discussing the role of anti-
coagulation for stroke prevention.

Our study only examined a single use of the SDM 
set of tools. Our study was not powered to examine 
changes in the DCS score over time, but the positive 
effect of our 1- time intervention appears to have less-
ened over time. We observed that the preparation for 
decision making was higher in the SDM arm imme-
diately after the visit compared with the UC arm and 
that this difference was maintained at 1 and 6 months. 
Indeed, it is expected that a single 1- time intervention 
would have a decrease in effect over time. We do not 
know if repetitive use of our tools would be able to cre-
ate a more sustained effect. Given that patient- specific 
AF risk may change over time, reuse of the toolkit at 
subsequent visits could be beneficial.

We observed that AF knowledge was greater in 
the SDM arm compared with the UC arm. Although 
a study by Aronis et al8 noted that brief clinic- based 
educational interventions rarely result in significant 
near- term patient- centered outcomes (eg, knowledge 
skills),30– 32 we demonstrated, by contrast, that a brief 
educational intervention can meaningfully improve AF- 
related knowledge not only in the short term (1 month) 
but also in the medium term (6 months).

Limitations
Our study was not statistically powered to detect dif-
ferences in cardiovascular outcomes or patient adher-
ence to medications proven to improve outcomes. 
Similarly, Noseworthy et al33 reported a clinical trial of 
an SDM tool in which there was no difference in medi-
cation adherence or clinical outcomes as compared 
with UC. Half of our patients were on anticoagulation 
before the study, and we do not have an adequate sta-
tistical power to examine the effect of the SDM tool 
on patients with minimal or no prior anticoagulation 
use. Our study was not powered to determine whether 
using our SDM tools would result in a change in anti-
coagulation decision.

We do not know if there is any long- term (>6 months) 
impact of our intervention and we do not know if re-
peating its use will lead to a prolonged effect. Since 
our intervention uses a patient tool and a clinician tool, 
we cannot determine whether 1 component had a pre-
dominant role in reducing decision conflict.

We anticipated a 5% lost- to- follow- up rate. Despite 
the pandemic, the study lost- to- follow- up rate re-
mained only 5.8%.

We did not determine the cost of the SDM 
intervention.

Future research should address these limitations 
and extend our findings by optimizing the interven-
tion’s user interface, identifying facilitators and barri-
ers to SDM toolkit adoption and determining long- term 
clinical and quality- of- life outcomes.

Implications of Our Study
We have demonstrated the potential impact of a brief 
educational intervention, enhanced by low- literacy infor-
mation technology. We suspect that the intervention’s 
effect may have been facilitated by a low- literacy ap-
proach (minimal text, meaningful images, teach- back), 
enhanced by real- time engagement with a clinician. 
Use of this toolkit could be considered by clinicians in 
their decision- making discussions with patients around 
anticoagulation for stroke prevention in AF.

Furthermore, this patient and clinician end- user 
approach to the design of a low- health- literacy digital 
shared decision- making tool has potential application 
to other clinical contexts, particularly technically com-
plex issues where patient preference affects the bal-
ance of benefits and harms.
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Table S1. Clinical outcomes and Adverse Events (AEs) 

Usual Care 
(N=506) 

Tool 
Intervention 

(N=495) 
P-value

Patients with at least 1 clinical outcome n (%) 13 (2.6%) 21 (4.2%) 0.16 

Number of clinical outcome events, n 18* 22† 

  Major bleeding events, n  6 1 

  Transient ischemic attack, n 0 1 

  Myocardial infarction, n 0 0 

  Pulmonary embolus, n 0 0 

  Deep vein thrombosis, n 0 0 

* One patient in UC arm had 4 incidences of major bleeding and 1 incidence of minor bleeding
† One patient in SDM arm had 2 incidences of minor bleeding



Table S2. Clinical outcomes and Adverse Events (AEs) 

Usual Care 
(N=506) 

Tool 
Intervention 

(N=495) 
P-value

Patients Experienced Any AEs, n (%) 58 (11.5%) 47 (9.5%) 0.35 

Patients Experienced Serious AEs, n (%) 44 (8.7%) 31 (6.3%) 0.15 

Number of Serious AEs, n 65 42 

  Not-related and Expected, n 21 6 

  Not-related and Unexpected, n 44 36 

Number of Death* 11 8 0.64 
*all death are unrelated and unexpected



Table S3. Anticoagulant decision at 1-month visit* 

1-month Visit Usual Care 
(N=386) 

Tool 
Intervention 

(N=368) 
P-value

Current anticoagulant decision 0.50 

  I decided to take Warfarin (Coumadin) 29 (7.5%) 17 (4.6%) 

  I decided to take Apixaban or Dabigatran or Edoxaban or 
Rivaroxaban 

324 (83.9%) 321 (87.2%) 

  I decided to take Aspirin or other antiplatelet agent for the 
purpose of stroke prevention 

17 (4.4%) 14 (3.8%) 

  I decided to not take a blood thinner 14 (3.6%) 15 (4.1%) 

  I have not made a decision 2 (0.5%) 1 (0.3%) 
*Data collected on or after protocol v4 1/26/2021



Table S4. Anticoagulant decision at 6-month visit* 

6-month Visit Usual Care 
(N=439) 

Tool 
Intervention 

(N=428) 
P-value

Current anticoagulant decision 0.54 

  I decided to take Warfarin (Coumadin) 27 (6.2%) 21 (4.9%) 

  I decided to take Apixaban or Dabigatran or Edoxaban or 
Rivaroxaban 

360 (82.0%) 362 (84.6%) 

  I decided to take Aspirin or other antiplatelet agent for the 
purpose of stroke prevention 

28 (6.4%) 20 (4.7%) 

  I decided to not take a blood thinner 22 (5.0%) 25 (5.8%) 

  I have not made a decision 1 (0.2%) 0 (0.0%) 

  Missing 1 (0.2%) 0 (0.0%) 
*Data collected on or after protocol v4 1/26/2021



Table S5. Anticoagulant Medication Adherence at 1-Month Visit* 

1-Month Visit Usual Care 
(N=372) 

Tool Intervention 
(N=353) P-value

Current anticoagulant Medication 0.080 
  Warfarin 29 (7.8%) 17 (4.8%) 
  Apixaban 273 (73.4%) 261 (73.9%) 
  Dabigatran 5 (1.3%) 3 (0.8%) 
  Edoxaban 0 (0.0%) 0 (0.0%) 
  Rivaroxaban 47 (12.6%) 57 (16.1%) 
  Missing 18 (4.8%) 15 (4.2%) 
Doses of anticoagulant missed in the last week 0.43 
  0 doses 326 (87.6%) 306 (86.7%) 
  1 dose 15 (4.0%) 20 (5.7%) 
  2 doses 8 (2.2%) 7 (2.0%) 
  3 doses 1 (0.3%) 1 (0.3%) 
  4 doses 4 (1.1%) 2 (0.6%) 
  5 doses 0 (0.0%) 1 (0.3%) 
  6 doses 2 (0.5%) 2 (0.6%) 
  Greater than or equal to 7 doses 3 (0.8%) 5 (1.4%) 
  Missing 13 (3.5%) 9 (2.5%) 
Doses of anticoagulant missed in the last month 0.38 
  0 doses 293 (78.8%) 271 (76.8%) 
1-3 dose 48 (12.9%) 56 (15.9%) 
4-6 doses 11 (3.0%) 10 (2.8%) 
7-9 doses 0 (0.0%) 2 (0.6%) 
10 or more doses 7 (1.9%) 5 (1.4%) 
Missing 13 (3.5%) 9 (2.5%) 

*Adherence data was collected after protocol amendment v4 on 01/26/2021 and were not
available to all the trial participants.



Table S6. Anticoagulant Medication Adherence at 6-Month Visit* 

6-Month Visit
Usual Care 

(N=416) 
Tool Intervention 

(N=403) 
P-value

Current anticoagulant 0.19 

  Warfarin 27 (6.5%) 21 (5.2%) 

  Apixaban 292 (70.2%) 284 (70.5%) 

  Dabigatran 5 (1.2%) 4 (1.0%) 

  Edoxaban 1 (0.2%) 0 (0.0%) 

  Rivaroxaban 62 (14.9%) 75 (18.6%) 

  Missing 29 (7.0%) 19 (4.7%) 

Doses of anticoagulant missed in the last week 0.56 

  0 doses 354 (85.1%) 345 (85.6%) 

  1 dose 25 (6.0%) 24 (6.0%) 

  2 doses 8 (1.9%) 7 (1.7%) 

  3 doses 4 (1.0%) 4 (1.0%) 

  4 doses 1 (0.2%) 3 (0.7%) 

  5 doses 0 (0.0%) 0 (0.0%) 

  6 doses 1 (0.2%) 3 (0.7%) 

  Greater than or equal to 7 doses 1 (0.2%) 3 (0.7%) 

  Missing 22 (5.3%) 14 (3.5%) 

Doses of anticoagulant missed in the last month 0.51 

  0 doses 299 (71.9%) 287 (71.2%) 

1-3 dose 75 (18.0%) 80 (19.9%) 

4-6 doses 11 (2.6%) 17 (4.2%) 

7-9 doses 6 (1.4%) 1 (0.2%) 

10 or more doses 3 (0.7%) 4 (1.0%) 

Missing 22 (5.3%) 14 (3.5%) 
* Adherence data was collected after protocol amendment v4 on 01/26/2021 and were not
available to all the trial participants.



Table S7: Analysis of Primary Endpoint Correction for Missing Data 

Usual Care 
(N=506) 

Tool 
Intervention 

(N=495) 
P-value

WMW U-test with Inverse Probability  
Weighting 0.012 

Imputation by Median of Opposite Arm 14.1 (0.0 - 25.0) 12.5 (0.0 - 25.0) 0.018 
WMW U-test with All Patients and using ties 
for all missing observations 0.0072 
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