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AbstrAct

ObjeCtive
To evaluate the effectiveness of multiple decision aid 
strategies in promoting high quality shared decision 
making for prevention of stroke in patients with non-
valvular atrial fibrillation.
Design
Cluster randomized controlled trial.
setting
Six academic medical centers in the United States.
PartiCiPants
Patient participants were aged ≥18 with a diagnosis 
of non-valvular atrial fibrillation, at risk for stroke 
(CHA2DS2-VASc ≥1 for men, ≥2 for women), and 
scheduled for a clinical appointment to discuss stroke 
prevention strategies. Participating clinicians were 
those who manage stroke prevention strategies for 
participating patients.
interventiOn
Patients were randomized to use a patient decision 
aid or usual care; clinicians were randomized to 
use an encounter decision aid or usual care with all 
participating patients.
Main OutCOMe Measures
Primary outcome measures were quality of shared 
decision making measured by OPTION12, knowledge 
of atrial fibrillation and its management, and 
decisional conflict.
results
1117 participants across six sites were included 
in the analysis. Compared with usual care, the 
combined use of both the patient decision aid and 
the encounter decision aid improved the quality of 

shared decision making (adjusted mean difference 
12.1 (95% confidence interval (CI) 8.0 to 16.2; 
P<0.001), improved patients’ knowledge (odds ratio 
1.68 (95% CI 1.35 to 2.09; P<0.001), and reduced 
patients’ decisional conflict (adjusted mean difference 
−6.3 (95% CI −9.6 to −3.1; P<0.001). Statistically 
significant improvements were also observed with the 
encounter decision aid alone versus usual care for 
all three outcomes and with the patient decision aid 
alone versus usual care for quality of shared decision 
making and knowledge. No important differences were 
observed in treatment choices for stroke prevention or 
in participants’ satisfaction. No statistically significant 
difference in the length of visit across study groups 
was detected.
COnClusiOn
Patients who received any decision aid (encounter 
decision aid, patient decision aid, or both) had 
lower decisional conflict, better shared decision 
making, and greater knowledge than those receiving 
no decision aid, except for the effect of the patient 
decision aid on decisional conflict, which did not 
reach statistical significance. The study establishes 
that use of either pre-visit or in-visit decision aids 
individually or in combination is advantageous 
compared with usual care.
trial registratiOn
ClinicalTrials.gov NCT04357288.

Introduction
Atrial fibrillation is the most common cardiac 
dysrhythmia in adults and one of the most common 
preventable causes of ischemic stroke. Atrial fibrillation 
affects more than 37 million people worldwide and 
is projected to affect more than 62 million people by 
2050.1 People with atrial fibrillation are four to five 
times more likely to have a stroke than those without 
atrial fibrillation,2 and atrial fibrillation related strokes 
are associated with increased morbidity and mortality 
compared with non-atrial fibrillation related strokes.3 
In patients with non-valvular atrial fibrillation, oral 
anticoagulants, including warfarin or direct acting oral 
anticoagulants, can effectively prevent strokes (class 
I, level of evidence A recommendation).4  5 Despite 
their effectiveness, oral anticoagulants are historically 
underused, with as many as 50% of at risk patients 
with atrial fibrillation who are given a prescription for 
an oral anticoagulants do not start therapy, and 30-

WhAt Is AlreAdy knoWn on thIs topIc
Several shared decision making tools, or decision aids, have been developed for 
atrial fibrillation, including patient decision aids and encounter decision aids
Evidence has shown the effectiveness of patient decision aids and encounter 
decision aids in improving shared decision making outcomes in a clinical setting
No data are available on the comparative effectiveness of these different types of 
decision aid on supporting shared decision making in practice

WhAt thIs study Adds
The use of either decision aid individually or in combination yielded better 
shared decision making outcomes compared with usual care
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50% of those who start therapy discontinue it within 
one year.6

The benefit of oral anticoagulants for prevention 
of stroke in atrial fibrillation is well established, but 
so are the harms—namely, major bleeding events.7-10 
Decisions about stroke prevention treatment with 
oral anticoagulants require understanding and 
careful consideration of factors such as the risk 
of thromboembolic events due to inadequate 
anticoagulation concentrations, the inherent risk of 
bleeding events, cost considerations, and the necessity 
for monitoring.

Shared decision making is increasingly recognized 
as an important part of stroke prevention by prescribing 
oral anticoagulants in every major clinical practice 
guideline for atrial fibrillation worldwide.4 11-14 Shared 
decision making is a process by which clinicians 
and patients arrive at a healthcare decision together 
through discussion of risks and benefits in addition 
to patients’ related preferences and values.15 Several 
shared decision making tools, or decision aids, have 
been developed for atrial fibrillation,16  17 including 
patient decision aids designed for use by patients 
before a clinical encounter and encounter decision 
aids designed for use by clinicians and patients 
during a clinical encounter. Evidence has shown the 
effectiveness of a patient decision aid or encounter 
decision aid in improving shared decision making 
outcomes in a clinical setting18 19; however, no reliable 
estimate exists of the comparative effectiveness of these 
different types of decision aids in supporting shared 
decision making in practice. The aim of this study 
was to evaluate the effectiveness of a patient decision 
aid and an encounter decision aid in promoting high 
quality shared decision making for stroke prevention in 
the care of patients with non-valvular atrial fibrillation 
at risk of stroke.

Methods
trial design and participants
This four arm, cluster randomized, multicenter clinical 
trial evaluated the effects of usual care alone (control), 
usual care with a patient decision aid, usual care 
with an encounter decision aid, or usual care with 
both decision aids on shared decision making and 
clinical outcomes. This study was implemented at six 
US academic medical centers: University of Utah (Salt 
Lake City, Utah), Mayo Clinic (Rochester, Minnesota), 
Northwestern University (Chicago, Illinois), University 
of Alabama at Birmingham (Birmingham, Alabama), 
University of Michigan (Ann Arbor, Michigan), and 
Vanderbilt University Medical Center (Nashville, 
Tennessee). The trial design and protocol have been 
published elsewhere,20 and the only minor deviation 
from this established protocol throughout the course 
of the study was the addition of telehealth visits at the 
start of the covid-19 pandemic.

Eligible patients were at least 18 years old, had a 
diagnosis of non-valvular atrial fibrillation, had at least 
one non-sex related risk factor for thromboembolic 
events (that is, CHA2DS2-VASc ≥1 for men, ≥2 for 

women),21 and were eligible to receive anticoagulation 
as judged by their clinician. On the basis of their 
anticoagulation status at baseline, patients were 
assembled into two cohorts—those considering 
starting anticoagulation (initiation) and those 
considering continuing anticoagulation (monitor). 
The initiation cohort included patients who had no 
previous anticoagulation history, were taking daily 
aspirin instead of an anticoagulant, had discontinued 
anticoagulation usage (for any reason) more than 
six months before trial participation, or started 
anticoagulation ≤60 days from study enrollment. The 
monitor cohort consisted of patients who had been 
taking anticoagulation for more than 60 days and who 
met at least one of the following criteria: had problems 
with their current anticoagulation therapy, such as 
labile international normalized ratio control, perceived 
or actual side effects, or affordability of medication; 
emerging evidence suggesting re-evaluation of 
previous relative contraindications to direct acting oral 
anticoagulants therapy (for example, apixaban use 
in cases of renal dysfunction, obesity); or changes in 
medical condition that might affect stroke prevention 
in atrial fibrillation, such as declining renal function or 
a coronary stent placement. Clinician participation was 
open to those who were involved in the management of 
eligible patients with atrial fibrillation.

randomization and blinding
Patients were randomly assigned with equal allocation 
to either the use of the patient decision aid or usual 
care. Clinicians were randomly assigned with equal 
allocation to either use the encounter decision aid 
with all study participants or a usual care arm in which 
they did not use the encounter decision aid for any 
study participants. Randomization of patients was 
stratified by CHA2DS2-VASc score (≥2 or <2 in men; ≥3 
or <3 in women) and cohort (initiation or monitor). 
Randomization was also stratified by study site for both 
patients and clinicians. A study coordinator allocated 
all participants by using the REDCap randomization 
function. Participants could not be blinded to 
allocation owing to the nature of the intervention.

interventions
The development of the decision aids used in the study 
has been described previously22; it is briefly described 
below. Figure 1 shows screenshots of each decision 
aid.

Patient decision aid
Patients randomized to use the patient decision aid 
were asked to view it before arriving for their clinic visit 
or at the clinic immediately before their appointment. 
The patient decision aid includes an explanation 
of atrial fibrillation and how it affects a patient’s 
life and features the CHA2DS2-VASc and HAS-BLED 
calculators to illustrate individualized risks of stroke 
and bleeding events, respectively. It also provided 
comparisons between warfarin and direct acting oral 
anticoagulants, covering aspects such as bleeding 
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risks, medication routines, costs, and drug and dietary 
interactions. The patient decision aid was designed 
as an interactive, non-linear online tool, enabling 
patients to explore topics of interest in the order they 
prefer, with two distinct pathways for the initiation and 
monitor cohorts.

Encounter decision aid
Clinicians randomized to the encounter decision 
aid used the tool with study patients during their 
encounters. The encounter decision aid served as an 
interactive online tool designed to support clinical 
conversations about stroke prevention. The content and 
framework of the encounter decision aid mirrored that 
of the patient decision aid. After the clinicians received 
training on its use, they used the encounter decision 
aid with patients during in-person appointments and 
telehealth consultations (via screen sharing).

Outcomes
The primary outcome measures assessed three co-
primary outcome domains: quality of shared decision 
making measured using the OPTION12 scale, an 
observer based score derived from the clinical 
encounter, transformed to a value between 0 and 100, 
with higher scores representing greater shared decision 
making23; patient’s knowledge of atrial fibrillation and 
its management measured using a seven item true/
false survey adapted from a previous study,24 with 
scores representing the proportion of correct answers; 
and patient decision making measured using the 
Decisional Conflict Scale, a 16 item Likert-type scale 
transformed to a score of 0-100, with lower scores 
representing lower levels of decisional conflict.25 
Additional process and outcome measures included 
agreement between patient and clinician on treatment 
choice, length of visit, clinician’s recommendation 
regarding the method used in the consultation 

(encounter decision aid versus no encounter decision 
aid), clinician’s satisfaction with the anticoagulation 
discussion, and patient’s satisfaction with the 
encounter decision aid/patient decision aid to which 
they were exposed. Outcomes were collected from 
patients and clinicians through surveys administered 
immediately post-encounter.

sample size
We assumed that the number of study patients seen 
per clinician would follow the distribution seen in a 
previous trial,26 with an average of 5.18 patients per 
clinician. We assumed intraclass correlations of 0.25 
for the OPTION12 score and 0.10 for the knowledge 
and decisional conflict scores,27-30 and that at least 
95% of randomized patients would have non-missing 
measurements on each of these outcomes. Under these 
assumptions, the sample size of 1200 would provide 
80% power with a two sided α of 0.05 to detect mean 
differences, expressed as fractions of one standard 
deviation, of 0.40, 0.33, and 0.33 for the OPTION12, 
knowledge, and decisional conflict scores, respectively, 
for the primary comparison of patient decision aid 
and encounter decision aid combined versus usual 
care. The minimum detectable effect sizes were 0.41, 
0.34, and 0.34, respectively, for encounter decision 
aid versus usual care and 0.29, 0.29, and 0.29, 
respectively, for patient decision aid versus usual care, 
using the α levels described below. These minimum 
detectable effect sizes were smaller than or very close 
to average treatment effects on each of these outcomes 
estimated in a review of previous studies (0.94, 0.33, 
and 0.42, respectively).31

statistical analyses
Before any formal analyses, the statisticians and 
research team at the University of Utah developed 
a statistical analysis plan; the primary investigator 

Fig 1 | screenshots of the patient decision aid (left) and encounter decision aid (right). these examples show how details of medication routine are 
described for each tool
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at each site approved this plan. Each investigator 
remained blinded to results until after our statistical 
analysis plan was fully executed and the initial data 
collection was complete.

Strategy for comparing co-primary outcomes
Because the three co-primary outcomes assessed 
conceptually distinct outcome domains, we analyzed 
each outcome on a comparison-wise basis without 
multiple comparison adjustment. However, for each 
co-primary outcome, we used a gatekeeping strategy 
to preserve a study-wise type 1 error of 0.05 for that 
outcome. In this strategy, the comparison of the 
combination of patient decision aid and encounter 
decision aid together versus usual care was treated as 
the primary comparison. The gatekeeping rule specified 
that if the primary treatment group comparison 
was statistically significant (two sided α=0.05), the 
comparisons of patient decision aid alone versus usual 
care and of encounter decision aid alone versus usual 
care would be done as secondary comparisons, using 
two sided α levels of 0.01 and 0.04, respectively. If the 
primary comparison was not significant, the patient 
decision aid versus usual care and the encounter 
decision aid versus usual care comparisons would be 
interpreted as exploratory. A higher α was assigned 
to the encounter decision aid versus usual care 
comparison to account for the effects of clustering 
by clinician on statistical power. Additional pairwise 
comparisons of patient decision aid versus encounter 
decision aid, the combination of patient decision aid 
and encounter decision aid versus patient decision aid 
alone, and the combination of patient decision aid and 
encounter decision aid versus encounter decision aid 
alone were prespecified exploratory comparisons.

Analysis of co-primary outcomes
Analyses of all outcomes were done in the full analysis 
cohort, which comprised randomized participants 
who were confirmed to be eligible and attended the 
index study visit at which the decision aids were 
administered. Using an intention-to-treat strategy, 
we imputed missing outcome measurements by 
using fully sequential multiple imputation (details 
provided in the supplementary material). We did the 
co-primary statistical analyses for the OPTION12 
scale and Decisional Conflict Scale by using separate 
analyses of linear mixed effects models to relate these 
outcomes to the four randomized treatment groups.32 
The six clinical sites as well as the CHA2DS2-VASc score 
group, patient’s sex, and cohort (initiation or monitor), 
which defined the randomization stratification factors, 
were fixed effect covariates in the model. The treating 
clinician was included as a random effect to account 
for clustering of outcomes by clinician. We did the co-
primary statistical analysis for the knowledge outcome 
by using a generalized linear mixed effects model for 
a binomial outcome with a logistic link function, with 
the binomial outcome defined by the number of items 
answered correctly on the scale. The model included 
a treatment group and the same covariates described 

above for the OPTION12 and Decisional Conflict Scale 
analyses, with the clinician again treated as a random 
effect. For each outcome, we used linear contrasts 
to estimate the primary, secondary, and exploratory 
treatment comparisons defined above.

Subgroup analysis
We did subgroup analyses for six baseline subgroup 
factors that we defined a priori: patient’s cohort 
(initiation versus monitor), patient’s age (≤65, 65-
74, ≥75 years), patient’s sex at birth (male, female), 
patient’s education (less than college degree, college/
graduate degree), patient’s digital literacy33 (very 
confident versus other), and clinician’s training (MD/
DO/MBBS versus other).

For each subgroup factor, we extended the mixed 
effects models described above for the three co-primary 
outcomes by adding interaction terms between that 
factor and the four cells of the two-by-two factorial 
design. We estimated the results of the primary and 
secondary treatment comparisons (three comparisons 
in all) within each subgroup and displayed the results 
as a forest plot with P values for the associated 
treatment by subgroup interactions.

Other process and outcome measures
We compared agreement on treatment choice between 
patient and clinician, clinician’s treatment choice, 
length of visit, clinician’s recommendation for the 
method used in consultations (encounter decision 
aid versus no encounter decision aid; clinicians could 
respond “yes,” “no,” or “not sure”), and clinician’s 
satisfaction with anticoagulation discussion (five 
point Likert scale from 1, “not at all satisfied,” to 5, 
“extremely satisfied”) between treatment groups by 
using linear mixed models for continuous outcomes 
and generalized linear mixed models for binary or 
ordered categorical outcomes, as appropriate, using 
the same fixed and random effects as in the analyses of 
the primary and secondary outcomes. We summarized 
patients’ recommendation of encounter decision aid/
patient decision aid usage (five point Likert scale from 
1, “not at all likely,” to 5, “extremely likely”). Details 
of the analysis of the clinician’s treatment choice 
categorical outcome are provided in the supplementary 
materials.

Patient and public involvement
Relevant stakeholders were involved in the design, 
conduct, and analysis of the research study. 
Stakeholders included clinicians, patients, and 
other content based experts involved in the study’s 
conceptualization, design, conduct, and analysis. We 
held regular meetings with stakeholders to gather input 
and feedback. In response to this feedback, we made 
changes in the outcome measures used, recruitment 
scripts and strategies, and length of survey measures. 
Furthermore, significant stakeholder feedback was 
used in the development of the decision aids used in 
this study.22
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results
Between 14 December 2020 and 3 July 2023, we 
enrolled 1214 patient participants across the six sites; 
604 (50%) were randomized to the patient decision 
aid and 610 (50%) to usual care. Our analysis cohort 
consisted of 1117 participants, as 97 participants were 
later found to be ineligible or withdrew from the study 
encounter visit (usual care, n=16; encounter decision 
aid/patient decision aid, n=36; patient decision 
aid only, n=20; encounter decision aid only, n=25). 
Figure 2 shows the number of participants enrolled, 
excluded, and included in the analysis in each arm. 
We enrolled 107 clinicians, of whom 51 (48%) were 
randomized to the encounter decision aid and 56 
(52%) to usual care. The mean age of the patients was 
69 (standard deviation 9) years, with most patients 
reporting as male, white non-Hispanic, and at least a 
college graduate (table 1). Most (831; 74%) patients’ 
CHA2DS2-VASc score was ≥2 for men and ≥3 for women, 
and most were in the monitor cohort (797; 71%). 
Clinicians from the six sites were mostly male and non-
Hispanic white; the vast majority were cardiologists 
(see supplementary materials).

OPtiOn12, knowledge, and decisional conflict
Table 2 shows unadjusted and adjusted means 
and standard deviations for the three co-primary 
outcomes of quality of shared decision making 
(OPTION12), knowledge, and decisional conflict by 

treatment group. In the first step of the gatekeeping 
strategy outlined above, patients randomized to the 
combination of encounter decision aid and patient 
decision aid showed significantly improved quality of 
shared decision making (OPTION12) scores (estimated 
difference 12.1, 95% confidence interval (CI) 8.0 to 
16.2; P<0.001), knowledge scores (adjusted odds ratio 
comparing the proportion of correct responses on the 
knowledge score 1.68, 95% CI 1.35 to 2.09; P<0.001), 
and decisional conflict scores (estimated difference 
−6.3, 95% CI −9.6 to −3.1, P<0.001), compared with 
patients randomized to control (table 3).

In the secondary comparisons of the individual 
decision aids versus control, both the encounter 
decision aid alone and the patient decision aid alone 
had significantly better results for each of the shared 
decision making outcomes, except for the effect of 
the patient decision aid on decisional conflict which 
did not reach statistical significance. In exploratory 
comparisons between the two decision aids directly, 
knowledge scores were similar between the encounter 
decision aid and patient decision aid groups (estimated 
difference 0.84, 95% CI 0.64 to 1.10; P=0.20), the 
quality of shared decision making (OPTION12) score 
was greater in the encounter decision aid group 
(estimated difference 9.1, 5.0 to 13.2; P<0.001), and the 
modest difference in decisional conflict scores did not 
achieve statistical significance (estimated difference 
−3.2, −6.6 to 0.1; P=0.06). Lastly, we examined the 

Patients assessed for eligibility

Excluded
Ineligible
Declined to participate
Other reasons

12 679
1234
4502

Randomized*

EDA only

1214

288
PDA only

305
PDA and EDA

299
Usual care

322

Included in
primary analysis

263
Included in

primary analysis

285
Included in

primary analysis

263
Included in

primary analysis

306

19 629

18 415

Excluded
Ineligible
Missed
Withdrawn

6
7
3

16
Excluded

Ineligible
Missed
Withdrawn

17
10

9

36
Excluded
Ineligible
Missed
Withdrawn

8
6
6

20
Excluded

Ineligible
Missed
Withdrawn

15
7
3

25

Fig 2 | COnsOrt (Consolidated standards of reporting trials) diagram. Patients were excluded after randomization 
for the following primary reasons: patient discovered to be ineligible (eg, no diagnosis of atrial fibrillation, 
contraindication to oral anticoagulants), missed or cancelled appointments, patient withdrew from study. 
eDa=encounter decision aid; PDa=patient decision aid
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effect of both decision aids together, compared with 
each decision aid alone. We observed similar results 
for each co-primary outcome between the encounter 
decision aid and patient decision aid group and the 
encounter decision aid alone group. However, when 
we compared the encounter decision aid and patient 
decision aid together with the patient decision aid 
alone, the combined decision aid group showed 
significantly greater OPTION12 scores (estimated 
difference 8.3, 95% CI 4.3 to 12.4; P<0.001), as well 
as lower decisional conflict (estimated difference 
−3.7, −7.1 to −0.4; P=0.03) compared with the patient 
decision aid alone.

We also did subgroup analyses for the primary 
comparisons between encounter decision aid and 
patient decision aid versus control by age, patient 
cohort, digital literacy, provider training, education, 
and sex assigned at birth (fig 3). In general, the 
estimated treatment effects were similar across these 
subgroups.

experience outcomes
Patient and clinician satisfaction
We examined the experience and satisfaction of both 
the clinicians’ and patients’ usage of the decision 
aids as secondary outcomes (table 4). Most clinicians 

table 1 | baseline characteristics of patients overall and by treatment group. values are numbers (percentages) unless stated otherwise

Characteristic
usual care 
(n=306)

eDa and PDa (n=263) PDa only (n=285) eDa only (n=263)
value sMD* value sMD* value sMD*

Mean (SD) age, years 68.7 (9.5) 68.7 (9.4) 0.00 68.9 (9.0) 0.02 69.9 (9.5) 0.13
Age categories, years:
 <65 82/293 (28) 64/257 (25) −0.07 63/275 (23) −0.12 56/258 (22) −0.15
 65-74 126/293 (43) 124/257 (48) 0.11 144/275 (52) 0.19 120/258 (47) 0.07
 ≥75 85/293 (29) 69/257 (27) −0.05 68/275 (25) −0.10 82/258 (32) 0.06
Sex assigned at birth:
 Female 103/298 (35) 98/255 (38) 0.08 95/276 (34) 0.00 105/261 (40) 0.12
 Male 195/298 (65) 157/255 (62) −0.08 181/276 (66) 0.00 156/261 (60) −0.12
Race/ethnicity:
 White non-Hispanic 269 (88) 230 (87) −0.01 249 (87) −0.02 233 (89) 0.02
 White Hispanic 5 (2) 2 (1) −0.08 5 (2) 0.01 2 (1) −0.08
 Black 10 (3) 8 (3) −0.01 9 (3) −0.01 13 (5) 0.08
 Asian 0 (0) 1 (<1) 0.09 3 (1) 0.15 3 (1) 0.15
 American Indian/Alaskan 1 (<1) 1 (<1) 0.01 1 (<1) 0.00 0 (0) −0.08
 Multirace 6 (2) 3 (1) −0.07 3 (1) −0.07 5 (2) 0.00
 Other 3 (1) 2 (1) −0.02 3 (1) 0.01 3 (1) 0.02
 Prefer not to answer 12 (4) 16 (6) 0.10 12 (4) 0.01 4 (2) −0.15
Education:
 Less than college 107/291 (37) 86/252 (34) −0.06 99/272 (36) −0.01 101/256 (39) 0.06
 College graduate (bachelor’s degree) 81/291 (28) 68/252 (27) −0.02 83/272 (31) 0.06 70/256 (27) −0.01
 Graduate or professional school degree 103/291 (35) 98/252 (39) 0.07 90/272 (33) −0.05 85/256 (33) −0.05
Health insurance:
 No, I do not have health insurance at this time 4/291 (1) 2/254 (1) −0.06 1/271 (<1) −0.11 1/256 (<0.1) −0.11
 Yes, I am now covered by a form of health insurance or health plan 287/291 (99) 252/254 (99) 0.06 269/271 (99) 0.06 255/256 (>99) 0.11
 Don’t know 0/291 (0) 0/254 (0) NA 1/271 (<1) 0.09 0/256 (0) NA
CHA2DS2-VASc score:
 ≥2 for men; ≥3 for women 231 (75) 193 (73) −0.05 212 (74) −0.03 195 (74) −0.03
 <2 for men; <3 for women 75 (25) 70 (27) 0.05 73 (26) 0.03 68 (26) 0.03
Positive for limited reading ability34 31/291 (11) 16/253 (6) −0.16 19/273 (7) −0.13 19/254 (7) −0.11
Digital literacy:
 Very confident 165/291 (57) 153/253 (60) 0.08 150/271 (55) −0.03 134/254 (53) −0.08
 Other 126/291 (43) 100/253 (40) −0.08 121/271 (45) 0.03 120/254 (47) 0.08
Each patient is weighted equally irrespective of number of patients seen by each clinician.
EDA=encounter decision aid; PDA=patient decision aid; SD=standard deviation; SMD=standardized mean difference.
*SMDs provide differences in means or in percentages between each active treatment group and control (usual care) divided by SD of variable being summarized.

table 2 | Co-primary outcomes by randomized treatment

group

unadjusted estimates adjusted estimates—mean (se)
OPtiOn12 score Knowledge score Decisional conflict score

OPtiOn12 score Knowledge score Decisional conflict scoreno Mean (sD) no Mean* (sD) no Mean (sD)
Usual care 255 30.7 (12.36) 292 0.75 (0.19) 291 25.8 (20.51) 31.6 (1.45) 0.76 (0.01) 25.8 (1.14)
EDA and PDA 231 42.5 (15.74) 255 0.84 (0.17) 255 19.4 (16.23) 43.7 (1.52) 0.84 (0.01) 19.5 (1.23)
PDA only 229 34.5 (13.57) 273 0.83 (0.16) 273 23.4 (20.02) 35.4 (1.46) 0.84 (0.01) 23.2 (1.18)
EDA only 235 43.7 (16.20) 256 0.81 (0.20) 255 20.0 (19.91) 44.5 (1.51) 0.82 (0.01) 20.0 (1.24)
EDA=encounter decision aid; PDA=patient decision aid; SD=standard deviation; SE=standard error.
*Proportion of questions answered correctly.
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RESEARCH

recommended the consultation method used in their 
respective treatment group (85.9-90.7% per group), 
and we found no statistically significant differences 
between the treatment groups when comparing 
clinicians’ recommendation of the method used in 
visit (encounter decision aid versus no encounter 
decision aid) or clinicians’ satisfaction. Patients who 
were exposed to either or both of the decision aids 
also recommended usage of the decision aid(s) they 
received.

Treatment choice
Direct acting oral anticoagulants were the most 
commonly prescribed treatment for each of the groups 

(63.7-70.0% per group). When we compared the 
concordance between clinician reported and patient 
reported treatment choice, 76.2-77.9% of responses 
between patients and clinicians agreed. We found no 
statistically significant differences when comparing 
clinician-patient agreement on treatment choice by 
group (table 5 and supplementary materials).

Appointment length
When comparing the length of visit across study 
groups, we observed no statistically significant 
differences. The mean length of visit ranged from 20.3 
minutes to 21.6 minutes across the different decision 
aid use groups (see supplementary materials).

table 3 | group comparisons for co-primary outcomes

Comparison*
OPtiOn12 score Knowledge score Decisional conflict score
estimated difference (Ci) se P value Odds ratio (Ci) P value estimated difference (Ci) se P value

Primary comparison†
EDA and PDA v control 12.1 (8.0 to 16.2) 2.09 <0.001 1.68 (1.35 to 2.09) <0.001 -6.3 (−9.6 to −3.1) 1.67 <0.001
secondary comparisons
EDA v control‡ 12.9 (8.6 to 17.1) 2.07 <0.001 1.41 (1.11 to 1.79) 0.003 −5.8 (−9.3 to −2.4) 1.68 <0.001
PDA v control§ 3.8 (1.1 to 6.4) 1.02 <0.001 1.68 (1.24 to 2.28) <0.001 −2.6 (−6.8 to 1.6) 1.63 0.11
exploratory comparisons¶
EDA v PDA 9.1 (5.0 to 13.2) 2.07 <0.001 0.84 (0.64 to 1.10) 0.20 −3.2 (−6.6 to 0.1) 1.72 0.06
EDA and PDA v EDA −0.8 (−3.0 to 1.4) 1.12 0.48 1.19 (0.95 to 1.49) 0.14 −0.5 (−3.9 to 2.9) 1.72 0.76
EDA and PDA v PDA 8.3 (4.3 to 12.4) 2.07 <0.001 1.00 (0.77 to 1.29) 0.99 −3.7 (−7.1 to −0.4) 1.72 0.03
CI=confidence interval; EDA=encounter decision aid; PDA=patient decision aid; SE=standard error.
*Treatment comparisons under linear mixed effects model (for decisional conflict and OPTION12) or generalized linear mixed effects model (for knowledge score).
†Statistical significance indicated by P<0.05; 95% CI given.
‡Statistical significance indicated by P<0.04; 96% CI given.
§Statistical significance indicated by P<0.01; 99% CI given.
¶95% CI given.

Age (years)

<65

65-74

≥75

Patient cohort

Initiation

Monitor

Digital literacy

High confidence

Low confidence

Provider type

MD, DO, MBBS

Other provider

Education

College or graduate

Less than college

Sex

Female

Male

0 10 155 20 25

Subgroup OPTION12 (95% CI)

146

250

154

158

411

318

226

366

201

350

193

201

352

No

0.15

0.99

0.83

0.49

0.72

0.48

P value*

-20 -10 -5-15 0 5

DCS (95% CI)

0.27

0.95

0.16

0.27

0.34

0.82

P value*

0 2 31

Knowledge (95% CI)

0.68

0.77

0.92

0.44

0.02

0.30

P value*

Fig 3 | subgroup analyses for primary comparisons between encounter decision aid (eDa) and patient decision aid (PDa) versus control. Mean 
difference and 95% confidence interval (Ci) for both eDa and PDa versus control group are presented for OPtiOn12 and Decisional Conflict score 
(DCs). Odds ratio and 95% Ci for both eDa and PDa versus control group are presented for knowledge. *P value for comparison between subgroups
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discussion
Our study found that the use of either the patient 
decision aid or the encounter decision aid tool among 
patients with non-valvular atrial fibrillation was more 
advantageous than usual care. Patients who received 
both the encounter decision aid and the patient 
decision aid had improved observer assessed quality 
of shared decision making, objectively assessed 
patient knowledge, and patient reported decisional 
conflict compared with usual care. In addition to 
the overall benefit seen with the combined use of 
the patient decision aid and encounter decision aid 
tools, use of the encounter decision aid alone showed 

similarly improved outcomes compared with usual 
care, whereas the patient decision aid alone improved 
shared decision making and knowledge, but not 
decisional conflict, compared with usual care.

Meaning of results
The magnitude of improvement in quality of shared 
decision making (OPTION12) was greatest for 
the encounter decision aid only group when we 
compared each strategy with usual care, although the 
encounter decision aid alone and the combined use 
of the encounter decision aid and patient decision 
aid performed similarly, both showing almost a full 

table 4 | summary statistics of secondary outcomes. values are numbers (percentages)
Control eDa and PDa PDa only eDa only

Clinician satisfaction*
Would recommend method used in consultation to decide about anticoagulation (EDA, no EDA):
 Yes 238 (85.9) 225 (90.0) 229 (86.7) 224 (90.7)
 No 9 (3.2) 6 (2.4) 5 (1.9) 5 (2.0)
 Not sure 30 (10.8) 19 (7.6) 30 (11.4) 18 (7.3)
Satisfied with the discussion about anticoagulation:
 1-2 6 (2.2) 3 (1.2) 7 (2.7) 3 (1.2)
 3 19 (6.9) 34 (13.7) 19 (7.2) 35 (14.2)
 4-5 251 (90.9) 212 (85.1) 237 (90.1) 209 (84.6)
Patient would recommend PDa†
1-2 NA 14 (8.0) 22 (10.1) NA
3 NA 32 (18.3) 34 (15.5) NA
4-5 NA 129 (73.7) 163 (74.4) NA
Patient would recommend eDa†
1-2 NA 13 (7.4) NA 12 (6.5)
3 NA 31 (17.6) NA 30 (16.3)
4-5 NA 132 (75.0) NA 142 (77.2)
Clinician reported treatment choice
Use of warfarin 27 (8.8) 22 (8.4) 21 (7.4) 22 (8.4)
Use of apixaban, dabigatran, edoxaban, or rivaroxaban (DOAC): 195 (63.7) 184 (70.0) 187 (65.6) 180 (68.4)
 To not take a stroke prevention drug or to make the decision at another time‡ 39 (12.8) 34 (12.9) 42 (14.7) 40 (15.2)
 No discussion about stroke prevention drugs took place, other, or missing 45 (14.7) 23 (8.8) 35 (12.3) 21 (8.0)
Sample sizes and percentages weight each patient encounter equally irrespective of number of patients seen by each clinician.
EDA=encounter decision aid; DOAC=direct oral anticoagulant; PDA=patient decision aid.
*Measured on 5 point Likert scale with categories 1=“Not at all satisfied;” 2, 3=“Somewhat satisfied;” 4, 5=“Completely satisfied.” Clinicians could also select “NA no discussion” where 
appropriate.
†Measured on 5 point Likert scale with categories: 1=“Not at all;” 2, 3, 4, 5=“Extremely.”
‡Contains 10 patients for whom clinician had chosen “use of aspirin or other antiplatelet agent.”

table 5 | group comparisons for secondary outcomes

Comparison

agreement of patient and clinician 
reported treatment choice*

Clinician recommends method 
used in visit†

Clinician satisfaction with  
discussion†

Odds ratio (Ci) P value Odds ratio (Ci) P value Odds ratio (Ci) P value
Primary comparison
EDA and PDA v control 0.95 (0.58 to 1.55) 0.84 1.20 (0.46 to 3.14) 0.71 0.59 (0.28 to 1.24) 0.16
secondary comparisons
EDA v control‡ 0.99 (0.61 to 1.61) 0.96 1.17 (0.42 to 3.24) 0.76 0.61 (0.27 to 1.37) 0.21
PDA v control§ 0.87 (0.48 to 1.58) 0.56 1.04 (0.50 to 2.20) 0.88 0.72 (0.43 to 1.22) 0.11
exploratory comparisons
EDA v PDA 1.13 (0.70 to 1.83) 0.62 1.12 (0.42 to 2.98) 0.82 0.85 (0.40 to 1.83) 0.68
EDA and PDA v EDA 0.96 (0.63 to 1.47) 0.86 1.03 (0.52 to 2.02) 0.94 0.95 (0.62 to 1.46) 0.83
EDA and PDA v PDA 1.09 (0.65 to 1.81) 0.75 1.15 (0.43 to 3.03) 0.78 0.81 (0.39 to 1.71) 0.59
Treatment comparisons under generalized linear mixed effects model.
CI=confidence interval; EDA=encounter decision aid; PDA=patient decision aid.
*Odds ratios indicate ratio of odds of agreement between indicated treatment groups for this binary outcome.
†Odds ratios indicate ratio of odds between treatment groups for higher (more favorable) score for these ordinal outcomes (three ordered categories for 
clinician recommendation and five ordered categories for clinician satisfaction).
‡96% confidence intervals given for this treatment comparison.
§99% confidence intervals given for this treatment comparison.
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standard deviation improvement. The encounter 
decision aid alone and combined encounter decision 
aid and patient decision aid groups markedly 
outperformed the patient decision aid alone group on 
the OPTION12 score. Because OPTION12 is an observer 
based encounter measure designed to identify changes 
in behaviors during the clinical encounter, the finding 
that the encounter decision aid groups outperformed 
non-encounter decision aid study groups is not 
surprising.

By contrast, study arms with the patient decision aid 
(the patient decision aid only arm and the combined 
encounter decision aid and patient decision aid arm) 
showed the greatest, and equivalent, improvement in 
knowledge compared with usual care. The encounter 
decision aid only arm also showed improvements in 
knowledge compared with usual care, although this 
improvement was less than was seen in the combined 
encounter decision aid and patient decision aid 
group. This could indicate that patients were able to 
incorporate more knowledge when using the patient 
decision aid independently outside of the clinical 
encounter than when the encounter decision aid was 
used by the clinician during a clinical encounter.

When we examined performance on the decisional 
conflict score, we observed significant improvements 
only in the combined encounter decision aid and 
patient decision aid group and the encounter decision 
aid alone group compared with usual care. Scores 
lower than 25 on the decisional conflict score have 
been associated with implementing decisions,35 
and the adjusted mean scores for all study groups 
were below this threshold, except for the usual care 
group. However, the usual care group’s score was 
slightly above this threshold (25.8), suggesting limited 
decisional conflict among study participants as a 
whole. This is not surprising considering that fewer 
than a third (29%) of participants had a new diagnosis 
of atrial fibrillation, and most had been living with 
atrial fibrillation for some time.

When directly comparing the encounter decision 
aid and patient decision aid in secondary analyses, 
the only significant difference we found was on the 
assessment of shared decision making quality using 
the OPTION12 score, which is to be expected given 
the nature of this observer based encounter measure. 
Lastly, we observed no differences between the 
combined encounter decision aid and patient decision 
aid groups and the encounter decision aid alone 
group, suggesting that when an encounter decision 
aid is already in use, adding a patient decision aid 
may provide limited benefit. However, the combined 
encounter decision aid and patient decision aid group 
had decreased decisional conflict and increased shared 
decision making compared with the patient decision 
aid alone group, suggesting that when a patient 
decision aid is already in use, adding an encounter 
decision aid may provide additional benefit.

Overall, the use of both decision aids was 
favorably recommended by patients. Clinicians also 
recommended the use of the encounter decision aid, 

which added only about a minute to the consultation 
or clinic visit time. We found no significant differences 
between groups in relation to anticoagulant treatment 
choice.

implications of findings
Taking these results together, we can draw several 
conclusions: the use of either decision aid yielded 
better shared decision making outcomes than usual 
care; the relative value of the encounter decision aid 
and patient decision aid depends on which outcomes 
are prioritized (for example, quality of shared decision 
making versus patient’s knowledge); and a combined 
approach (encounter decision aid and patient decision 
aid) may yield more benefits over the use of a patient 
decision aid alone.

The findings from this trial are timely, given the 
increasing importance of shared decision making for 
prescribing of oral anticoagulants in atrial fibrillation 
clinical guidelines.4  11-14 Existing guidelines suggest 
that shared decision making should be part of decision 
making on atrial fibrillation related stroke prevention; 
however, little guidance is provided on how shared 
decision making can or should be achieved. This study 
implies that using either a patient decision aid or an 
encounter decision aid is effective in achieving shared 
decision making when making decisions about atrial 
fibrillation.

Comparison with other studies
Our findings are consistent with a recent systematic 
review on the use of digital patient support tools in 
atrial fibrillation treatment decisions, which reported 
decreased decisional conflict and increased knowledge 
for patients exposed to a digital support tool, compared 
with usual care.17 Our results are also consistent with 
the results of two recent studies examining decision 
support in the care of patients with atrial fibrillation. A 
2020 study by Kunneman and colleagues examined the 
effect of an encounter decision aid versus usual care for 
patients with atrial fibrillation.24 They found that the 
encounter decision aid had similar favorable effects 
on shared decision making outcomes to those that 
we found in our trial, including clinicians expressing 
greater satisfaction with its use. A 2023 study by Wang 
and colleagues examined the effect of a digital decision 
toolkit for atrial fibrillation compared with usual care 
and found that it decreased decisional conflict.36 
Our study adds to the extant literature by examining 
the effect of an encounter decision aid and a patient 
decision aid alone and in combination compared 
with usual care and shows the relative value of each 
decision aid strategy. This result is a particularly novel 
and meaningful contribution to decision science, 
increasing understanding of the relative advantages 
and disadvantages of each type of decision aid.

To our knowledge, this is the largest randomized 
controlled trial of decision aids and the first to directly 
compare the use of a complementary patient decision 
aid and encounter decision aid. These results suggest 
that the use of either the patient decision aid or the 
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encounter decision aid will improve decision making 
outcomes, and that the use of these methods seems to 
be feasible within the flow of clinical care. However, 
when choosing which tool to use for clinical decisions, 
considering both the differential performance of each 
tool on the primary outcomes and the varying cost or 
burden of using these tools in a clinical environment 
is important. For example, a patient decision aid may 
be more effective for decisions that are laden with 
information that patients must digest and interpret. By 
contrast, decision making situations that require more 
clinician-patient engagement during the encounter 
may benefit more from an encounter decision aid. The 
efforts needed for the use of each tool may include 
engaging and training clinicians to use an encounter 
decision aid and the availability of resources to provide 
a patient decision aid to patients before the encounter.

limitations of study
Although this study has important strengths, it also has 
a few limitations. Observers assessing the OPTION12 
outcome measure on video recorded encounters 
cannot be blinded to allocation; their unblinded 
assessments could be biased in favor of decision aids, 
in particular the encounter decision aid. In addition, 
participants less adept at using digital tools may have 
been more reluctant to enroll in a trial using web based 
decision aids, limiting the applicability of our findings. 
The post-randomization exclusions by clinicians could 
have introduced bias. Although these numbers were 
small, they were higher in the study arms that included 
the encounter decision aid and patient decision aid. 
Finally, the decision aids, particularly the encounter 
decision aid, extended the duration of consultations, 
although this difference was not statistically 
significant. Nevertheless, this finding may have effects 
on healthcare utilization and quality.37

Future research
The findings from this multicenter randomized trial 
suggest that both patient decision aids and encounter 
decision aids will be effective across a variety of 
clinical settings. How best to implement them 
and how their routine use will affect access to and 
utilization of healthcare remain unclear. In addition, 
as time for clinical encounters becomes increasingly 
limited, understanding longer term effects of decision 
aids on total number of visits and downstream 
clinical encounters, including communications that 
occur outside of the visit encounter, is important. 
The use of decision aids may result in an enriched 
conversation and increased patient engagement, and 
these outcomes may translate to better adherence to 
treatment plans and/or fewer follow-up visits or less 
post-visit messaging. Although the primary goal of 
shared decision making is to ensure that decisions 
made are aligned with the values and goals of informed 
patients,15 additional outcomes might benefit, such 
as adherence to treatment plans, subsequent clinical 
outcomes, patients’ experience, and efficiencies in 
healthcare delivery.

Conclusion
Use of either a patient decision aid or an encounter 
decision aid in patients with atrial fibrillation who were 
scheduled for a clinical appointment to discuss stroke 
prevention strategies for atrial fibrillation increased 
shared decision making and patients’ knowledge 
and decreased decisional conflict. Use of these tools 
was perceived to be acceptable to both patients and 
clinicians, the tools did not seem to influence the 
treatment decisions made, and their use only modestly 
increased the duration of clinical encounters. This 
trial provides evidence about the relative value of 
supporting shared decision making with an encounter 
decision aid, a patient decision aid, or a combination 
of these tools.
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