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Aim Atrial fibrillation (AF) management guidelines advise using risk tools to optimize AF treatment. This study aims to develop
a dynamic and clinically applicable digital device to assess stroke and bleeding risk, and to facilitate outcome improve-
ments in AF patients. The device will provide tailored treatment recommendations according to easily attainable individ-
ual patient data.

Methods and
Results

This Universal Clinician Device (UCD) was created using the GARFIELD-AF registry using a split sample approach. The
GARFIELD-AF risk tool was adapted with two modifications. First, predictors with ≥1000 missing data points were se-
parated, allowing expected risks estimation. Second, recommendations for modifiable risk factors and associated 2-year
outcome estimates were incorporated. Outcomes of interest were all-cause mortality, non-haemorrhagic stroke/sys-
temic embolism (SE), and major bleeding. All patients were randomized to a derivation (n= 34853) and validation cohort
(n= 17165). In the derivation cohort, predictors were identified using least absolute shrinkage and selection operator
regression. Cox models were fitted with the selected parameters. The UCD demonstrated superior predictive power
compared with CHA2DS2VASc for all-cause mortality [0.75(0.75–0.76) vs. 0.71(0.70–0.72)] and non-haemorrhagic
stroke/SE [0.68(0.66–0.70) vs. 0.65(0.63–0.67)], and with HAS-BLED for major bleeding [0.69(0.67–0.71) vs.
0.64(0.62–0.65)]. Universal Clinician Device recommendations reduced all-cause mortality (8.45–5.42%) and non-haem-
orrhagic stroke/SE (2.58–1.50%). Patients with concomitant diabetes and chronic kidney disease benefitted further, re-
ducing mortality risk from 13.15% to 8.67%. One-third of patients with a CHA2DS2VASc score of.1 had the lowest risk
of stroke.

Conclusion The UCD simultaneously predicts mortality, stroke, and bleeding risk in patients using easily attainable individual clinical
data and guideline-based optimized treatment plans.
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The UCD uses patient data, clinical and current treatment characteristics to provide an individual risk assessment of the current risk and the risk
with optimal therapy. Applying this device in clinical practice provides significant improvement potential vs. current practice.

Keywords Atrial fibrillation • Universal Clinician Device • Management guidelines • Diabetes • Personalized medicine • Risk
prediction

Introduction
Atrial fibrillation (AF) is one of the most common forms of sus-
tained cardiac arrhythmia worldwide, impacting over 37 million
people.1 Atrial fibrillation is most notably connected with an
elevated risk of ischaemic stroke, estimated to affect 5–7% of
AF patients each year2 with rates varying substantially according
to the patient demographic and clinical background.3,4 Thrombo-
prophylaxis for stroke prevention is primarily achieved via oral
anticoagulant (OAC) therapy, encompassing both Vitamin K
antagonists (VKAs)5,6 and non-vitamin K antagonist oral anticoagu-
lants (NOACs).7–10

Current AF-management guidelines advise the use of risk scores
to stratify stroke and bleeding risk according to individual character-
istics, to aid appropriate therapy choice.11 The CHA2DS2VASc
score, although widely utilized, has shown imprecision in patients
both with a high stroke risk or at a lower stroke risk.11 Recently,
the GARFIELD-AF risk calculator advanced risk stratification sub-
stantially by providing an integrated tool that simultaneously assesses
the risk of mortality, stroke, and bleeding in AF patients.12,13 As indi-
cated by the ESC 2020 AF-management guidelines, the
GARFIELD-AF risk tool was predictively superior to both the
CHA2DS2VASc and HAS-BLED score.12–14 However, it is suggested

that risk scores should balance simplicity and practicality against pre-
cision, to optimize risk stratification.
This study aimed to develop a simple, dynamic, and translatable

clinician assistant device to assess stroke and bleed risk and provide
tailored treatment recommendations according to easily attainable
individual patient data.

Methods

Universal Clinician Device design
The Universal Clinician Device (UCD) (The UCD (OptiCorTM) is a pro-
prietary and protected tool of tenac.io GmbH) was designed by assessing
clinically accessible predictors for the outcomes of AF, all-causemortality,
non-haemorrhagic stroke/systemic embolism (SE), and major bleeding,
within 2 years of follow-up in GARFIELD-AF (Table 1). Predictors asso-
ciatedwith each outcomewere incorporated into the risk device. The de-
sign of the UCD included examining the impact of adjustable
characteristics associated with adverse AF outcomes: heart rate, blood
pressure, BMI, smoking status, andOAC use. To account for the most re-
cent treatment options, this UCD also incorporated the impact of so-
dium–glucose co-transporter 2 (SGLT2) inhibitor/glucagon-like peptide
1 receptor antagonists (GLP-1RA) with proven cardiovascular (CV) ben-
efits used in AF patients with concomitant diabetes mellitus Type 2 and
≥1 diagnosis of established CV disease [heart failure, coronary artery
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disease, history of stroke, chronic kidney disease (CKD), peripheral artery
disease] and/or≥2 risk factors forCV disease (hypertension, smoking sta-
tus, BMI .30, and age ≥75) based on the result of recent randomized
controlled trials.15 Under the assumption that these two classes of dia-
betes treatment do not interact with other factors in themodels, the risks
of death and stroke decreased by 13% and 6%, respectively. Furthermore,
no change in bleeding risk was recorded following the addition of either
treatment. Adjustable characteristics associated with achievable risk re-
duction were incorporated into the UCD evidence-based treatment
recommendations.

Effective risk discrimination at 2 years of follow-up was compared be-
tween the UCD models and the CHA2DS2VASc (all-cause mortality and
stroke) and HAS-BLED (major bleeding) risk models by calculating and
comparing their c-statistics (95% CIs). Furthermore, the predictive
power of the UCD was examined in comparison to the performance
of the CHA2DS2VASc score for stroke occurrence in the 1st year.

The UCD was applied to the GARFIELD-AF population, and the re-
sults were compared with the observed real-world event rates for two
scenarios: first, using the CHA2DS2VASc score to determine the need
for anticoagulation therapy and second, using the UCD for this purpose.
For specific high-risk patient profiles, estimated event rates were com-
pared with no treatment.

Registry design and population
The UCD is a clinical device developed for the individualised risk predic-
tion of mortality, stroke, and bleeding in AF patients and for providing in-
dividual, specific recommendations for treatment optimization. It was
developed using patients who were recruited into cohorts 1–5 of the
GARFIELD-AF registry between March 2010 and August 2016 as well
as the most recent AHA/ACC guidelines for the management of patients
with AF and CV risk factors. Data were extracted from the registry data-
base on 30 June 2019. The design of GARFIELD-AF has been published
previously.16,17 Briefly, eligible patients (≥18 years) must have had a

recent diagnosis of new onset, non-valvular AF (within 6 weeks prior
to enrolment), as well as one additional stroke risk factor. Participating
sites were computationally selected at random from a list of representa-
tive care settings in each of the 35 participating countries.

Data for demographic, clinical, OAC (NOACs, VKAs), and antiplatelet
(AP) therapy, as well as components of the CHA2DS2VASc

18 and
HAS-BLED19 risk stratification scores, were collected by electronic
case report form (eCRF). Follow-up was carried out over 2 years, and
data were collected at 4-month intervals. An audit and quality control
programme was ensured by the coordinating centre [The Thrombosis
Research Institute (TRI), London, UK] by examining data for complete-
ness and accuracy. In accordance with the registry protocol, 20% of all
eCRFs were monitored against source documentation. Events that oc-
curred after the 2 years of follow-up were censored. Patients with un-
available follow-up information were excluded from the analyses.

Ethics statement
Independent ethics committee and hospital-based institutional review
board approvals were obtained. The registry is conducted in accordance
with the principles of the Declaration of Helsinki, local regulatory re-
quirements, and the International Conference on Harmonization–
Good Pharmacoepidemiological and Clinical Practice guidelines.
Written informed consent was obtained from all study participants,
and their confidentiality and anonymity were maintained throughout.

Statistical modelling
The GARFIELD-AF risk models had been previously developed12,13 and
updated.20 For the UCD, the factors of the GARFIELD-AF process were
replicated with two important differences while keeping the validity of
the algorithm intact. Firstly, patients were not excluded due to missing
information. For predictors that contained missing information for
≥1000 study patients, a separate category (i.e. unknown) was created
to estimate the effect in patients with unavailable information. This allows
the models to provide estimates of the patients’ expected risks, despite
unavailable characteristic values. The covariates for which the additional
‘unknown’ category was included were ethnicity, BMI, moderate to se-
vere CKD, diastolic blood pressure (DBP), pulse, and smoking status.
The remaining predictors, containing only a small missingness propor-
tion, were imputed using single imputation by fully conditional specifica-
tion methods. The models were refit with these new variables for missing
data, and coefficients from the new models were applied in the device.
Single imputation was utilized as previously, with 52 000 patients, single
and multiple imputation provided comparable values in this population
when discussing the point estimate.

Secondly, as previously stated, the modelled risk for death and stroke
were further reduced by 13% and 6%, respectively, if the use of SGLT2 or
GLP-1RAwith proven CV benefit is selected in the tool for diabetic Type
2 patients with at least 1 additional CV disease or ≥2 CV risk factors.
Average estimated outcome probabilities (%) within 2 years follow-up
according to the UCD recommendations were calculated by inputting
specific characteristics (e.g. current smoking status combined with a
DBP of ≥110 mmHg) and calculating the estimated risk according to
other measured characteristics.

For the derivation and validation of the UCD, all patients were ran-
domly divided into derivation cohort and validation cohort with a theor-
etical ratio of 2:1. A full list of potential predictors included within each of
these categories can be found in Table 1. For each outcome, the predic-
tors were identified using the least absolute shrinkage and selection op-
erator regression in the derivation cohort. A Cox model was fitted with
the selected parameters. Thirty-fold cross-validation was applied during
the modelling process. Both a Kolmogorov-type supremum statistical

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Potential predictiors considered for each of
the three Universal Clinician Device models

Category Predictors

Demographic

characteristics

Sex, age, race/ethnicity

Medical and CV

history

Hypertension, diabetes, moderate-to-severe

CKD, history of bleeding, CHF, ACS, carotid

occlusive disease, VTE, vascular disease, prior

stroke, prior TIA, prior SE,

hypercholesterolemia, cirrhosis,

hyperthyroidism, hypothyroidism, dementia

Lifestyle factors Current smoker, heavy alcohol consumption

Vital signs Weight (kg), pulse (b.p.m.), SBP (mmHg), DBP

(mmHg)

Atrial fibrillation New-onset AF, permanent AF, persistent AF,

paroxysmal AF

Treatment at

diagnosis

NOAC, VKA, AP

ACS, acute coronary syndrome; AF, atrial fibrillation; AP, antiplatelet; CHF, chronic
heart failure; CKD, chronic kidney disease; DBP, dyastolic blood pressure; NOAC,
non-oral anticoagulants; SBP, systolic blood pressure; SE, systemic embolism; TIA,
transient ischaemic attack; VKA, vitamin K antagonist; VTE, venous
thromboembolism.
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Table 2 Baseline characteristics for the full study population according to 2 years outcomes (mortality,
non-hemhorragic stroke/SE, and major bleeding)

Variable, n (%) All patients
(n=52 018)

Outcomes (within 2 years)

All-cause mortality
(n=3708)

Non-haemorrhagic
stroke/SE (n=966)

Major bleeding
(n=942)

Female, n (%) 22 986 (44.2) 1687 (45.5) 483 (50.0) 447 (47.5)

Age, median (Q1; Q3) 71.0 (63.0; 78.0) 78.0 (71.0; 84.0) 75.0 (68.0; 81.0) 76.0 (69.0; 82.0)

Age, years, n (%)

,65 15691 (30.2) 459 (12.4) 167 (17.3) 131 (13.9)

65–69 8015 (15.4) 360 (9.7) 119 (12.3) 110 (11.7)

70–74 8931 (17.2) 535 (14.4) 175 (18.1) 163 (17.3)

≥75 19381 (37.3) 2354 (63.5) 505 (52.3) 538 (57.1)

Race/ethnicity, n (%)

Caucasian 31997 (63.1) 2509 (69.5) 604 (64.2) 650 (71.6)

Hispanic/Latino 3393 (6.7) 310 (8.6) 74 (7.9) 56 (6.2)

Asian 14276 (28.1) 685 (19.0) 230 (24.4) 182 (20.0)

Black/mixed/other 1071 (2.1) 107 (3.0) 33 (3.5) 20 (2.2)

BMI, kg/m2 median (Q1; Q3) 26.9 (23.9; 30.7) 26.0 (22.8; 30.1) 26.7 (23.7; 30.1) 26.5 (23.3; 30.7)

SBP, mmHg, median (Q1; Q3) 130.0 (120.0; 145.0) 130.0 (119.0; 143.0) 135.0 (120.0; 150.0) 134.0 (120.0; 145.0)

DBP, mmHg, median (Q1; Q3) 80.0 (70.0; 88.0) 79.0 (70.0; 85.0) 80.0 (70.0; 90.0) 80.0 (70.0; 88.0)

Pulse, b.p.m., median (Q1; Q3) 84.0 (70.0; 105.0) 88.0 (73.0; 110.0) 86.0 (72.0; 108.0) 87.0 (72.0; 110.0)

Type of AF, n (%)

Permanent 6630 (12.7) 629 (17.0) 138 (14.3) 112 (11.9)

Persistent 7753 (14.9) 506 (13.6) 147 (15.2) 124 (13.2)

Paroxysmal 14304 (27.5) 734 (19.8) 225 (23.3) 228 (24.2)

New onset (unclassified) 23325 (44.8) 1839 (49.6) 456 (47.2) 478 (50.7)

Care setting specialty at diagnosis, n (%)

Internal medicine/neurology/geriatrics 10443 (20.1) 977 (26.3) 276 (28.6) 235 (24.9)

Cardiology 34173 (65.7) 2230 (60.1) 547 (56.6) 549 (58.3)

Primary care/general practice 7396 (14.2) 501 (13.5) 143 (14.8) 158 (16.8)

Care setting location at diagnosis, n (%)

Hospital 30335 (58.3) 2359 (63.6) 606 (62.7) 530 (56.3)

Office/anticoagulation clinic/thrombosis centre 15918 (30.6) 948 (25.6) 254 (26.3) 258 (27.4)

Emergency room 5758 (11.1) 401 (10.8) 106 (11.0) 154 (16.3)

Medical history, n (%)

Heart failure 11739 (22.6) 1470 (39.6) 277 (28.7) 220 (23.4)

Acute coronary syndromes 5533 (10.7) 655 (17.8) 156 (16.2) 158 (16.8)

Vascular disease 12815 (24.8) 1369 (37.3) 313 (32.6) 301 (32.2)

Carotid occlusive disease 1538 (3.0) 158 (4.3) 37 (3.9) 54 (5.8)

VTE 1355 (2.6) 148 (4.0) 34 (3.5) 29 (3.1)

Prior stroke/TIA/SE 5839 (11.3) 596 (16.2) 220 (22.9) 152 (16.2)

History of bleeding 1315 (2.5) 202 (5.5) 43 (4.5) 55 (5.9)

Hypertension 39604 (76.4) 2858 (77.3) 788 (81.7) 746 (79.5)

Hypercholesterolaemia 20955 (41.6) 1428 (40.1) 428 (46.3) 412 (44.5)

Diabetes 11542 (22.2) 1022 (27.6) 257 (26.6) 257 (27.3)

Cirrhosis 293 (0.6) 48 (1.3) 4 (0.4) 9 (1.0)

Moderate to severe CKD 5354 (10.7) 833 (23.5) 172 (18.5) 194 (21.2)

Dementia 764 (1.5) 187 (5.1) 40 (4.2) 15 (1.6)

Heavy alcohol use, n (%) 1028 (2.3) 75 (2.4) 24 (2.9) 20 (2.6)

Current smoker, n (%) 5202 (11.0) 337 (10.0) 109 (12.1) 84 (9.8)

Treatment, n (%)

NOAC+AP 14112 (27.5) 838 (23.0) 205 (21.6) 230 (25.0)

VKA+AP 20183 (39.3) 1463 (40.1) 353 (37.2) 474 (51.5)

Continued
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test and a graphical examination of the Schoenfeld residuals were used to
assess the Cox model proportional hazards assumption. In both the der-
ivation and validation cohorts, C-indices and calibration curves were used

to assess the accuracy of the prediction model compared to the ob-
served results. To compare results with CHA2DS2VASc and
HAS-BLED scores, c-indices for the scores and for models that refit
the components of these scores were generated.

Risk reductions were calculated for each outcome by applying specific
recommendations in the whole GARFIELD-AF population. More specif-
ically, two sets of models were generated and compared with the ob-
served event rates in the clinical practice, i.e. in the non-interventional
registry. Firstly, in Scenario 1, patients were assigned to all applicable
treatments as per current guidelines whereby decisions regarding initi-
ation of oral anticoagulation therapy were defined at a CHA2DS2VASc
score.1 in males and.2 in females.21 Second, in Scenario 2, all applic-
able treatment recommendations were applied as in Scenario 1, except
decisions regarding oral anticoagulation were defined by a 2-year stroke
risk of .1% as per the UCD.

Results

Baseline characteristics
Of the 52 057 patients enrolled into the GARFIELD-AF registry, 38
were omitted due to unavailable follow-up information. Of eligible
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Table 2 Continued

Variable, n (%) All patients
(n=52 018)

Outcomes (within 2 years)

All-cause mortality
(n=3708)

Non-haemorrhagic
stroke/SE (n=966)

Major bleeding
(n=942)

AP only 10761 (21.0) 871 (23.9) 271 (28.6) 131 (14.2)

None 6240 (12.2) 474 (13.0) 120 (12.6) 86 (9.3)

AP treatment, n (%) 18103 (35.3) 1503 (41.2) 420 (44.3) 348 (37.8)

CHA2DS2VASc score, median (Q1; Q3) 3.0 (2.0; 4.0) 4.0 (3.0; 5.0) 4.0 (3.0; 5.0) 4.0 (3.0; 5.0)

HAS-BLED score, median (Q1; Q3)a 1.0 (1.0; 2.0) 2.0 (1.0; 2.0) 2.0 (1.0; 2.0) 2.0 (1.0; 2.0)

AF, atrial fibrillation; AP, antiplatelet; BMI, body mass index; CKD, chronic kidney disease; DBP, diastolic blood pressure; NOAC, non-oral anticoagulant; VKA, vitamin K antagonist;
SE, systemic embolism; SBP, systolic blood pressure; TIA, transient ischaemic attack; VTE, venous thromboembolism.
aThe risk factor ‘Labile INRs’ is not included in the HAS-BLED score as it is not collected at baseline. As a result, the maximum HAS-BLED score at baseline is 8 points (not 9).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Missing data distribution in the
GARFIELD-AF study population

Variable GARFIELD-AF (n=52018)
N (%)

Sex 1 (0.0)

Age 0 (0.0)

Race/ethnicity 1281 (2.5)

Type of AF 6 (0.01)

Care setting speciality in

diagnosis

6 (0.01)

Care setting location in diagnosis 7 (0.01)

Heart failure 8 (0.02)

Acute coronary syndromes 217 (0.4)

Vascular disease 389 (0.7)

Carotid occlusive disease 733 (1.4)

VTE 311 (0.6)

Prior stroke/TIA/SE 400 (0.8)

History of bleeding 235 (0.4)

Hypertension 151 (0.3)

Hypercholesterolaemia 1643 (3.2)

Diabetes 8 (0.02)

Cirrhosis 772 (1.5)

Moderate to severe CKD 1833 (3.5)

Dementia 288 (0.5)

Alcohol use 8015 (15.4)

Smoking status 4608 (8.9)

Antithrombotic treatment 722 (1.4)

BMI 11 443 (22.0)

SBP 3312 (6.4)

DBP 3312 (6.4)

Pulse 3789 (7.3)

AF, atrial fibrillation; BMI, body mass index; CKD, chronic kidney disease; DBP,
diastolic blood pressure; SBP, systolic blood pressure; SE, systemic embolism; TIA,
transient ischaemic attack; VTE, venous thromboembolism.
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Table 4 Event rates (per 100 person years) at 2 years
of follow-up by sampling group

Study population
Outcomes

Events Rate (95% CI)

Full GARFIELD-AF population (n= 52 108)

All-cause mortality 3708 3.83 (3.83–3.95)

Non-haemorrhagic stroke/SE 966 1.01 (0.94–1.07)

Major bleeding 942 0.98 (0.92–1.05)

Derivation set (n= 34853)

All-cause mortality 2453 3.78 (3.63–3.93)

Non-haemorrhagic stroke/SE 636 0.99 (0.91–1.07)

Major bleeding 611 0.95 (0.88–1.03)

Validation set (n= 17165)

All-cause mortality 1255 3.93 (3.72–4.15)

Non-haemorrhagic stroke/SE 330 1.04 (0.94–1.16)

Major bleeding 331 1.05 (0.94–1.17)
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Figure 1 Calibration of the Universal Clinician Device withing the derivation set for (A) all-cause mortality, (B) non-haemorrhagic stroke/systemic
embolism, and (C ) major bleeding, and within the vadlidation set for (A) all-cause mortality, (B) non-haemorrhagic stroke/systemic embolism, and (C )
major bleeding at 2 years of follow-up in the GARFIELD-AF population. The dashed line represents the predicted risk over 2 years. The dots re-
present the observed rate of outcomes over 2 years by decile.
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Figure 2 Density function of the Universal Clinician Device risk models for all-cause mortality, non-haemorrhagic stroke/systemic embolism, and
major bleeding at 2 years in the full GARFIELD-AF population (not imputed). The X-axis has been truncated at 20%.
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Table 5 C-index with 95% confidence intervals for the UCD models vs. CHA2DS2VASc (all-cause mortality and
stroke/SE) or HAS-BLED (major bleeding) at 2 years of follow-up in the GARFIELD-AF population and selected
subgroup

Population
outcome

Derivation set Validation set

UCD risk
models

CHA2DS2VASc/
HAS-BLED score

UCD risk
models

CHA2DS2VASc/
HAS-BLED score

Overall

All-cause mortality 0.75 (0.75–0.76) 0.66 (0.65–0.67) 0.75 (0.74–0.77) 0.66 (0.65–0.67)

Non-haemorrhagic stroke/SE 0.68 (0.66–0.70) 0.64 (0.62–0.66) 0.68 (0.66–0.71) 0.64 (0.61–0.67)

Major bleeding 0.69 (0.67–0.71) 0.61 (0.59–0.63) 0.68 (0.66–0.71) 0.61 (0.59–0.64)

OAC at baseline

All-cause mortality 0.74 (0.73–0.75) 0.65 (0.64–0.66) 0.74 (0.73–0.75) 0.65 (0.63–0.67)

Non-haemorrhagic stroke/SE 0.68 (0.65–0.70) 0.64 (0.61–0.66) 0.68 (0.65–0.72) 0.66 (0.63–0.70)

Major bleeding 0.68 (0.66–0.71) 0.63 (0.60–0.65) 0.68 (0.64–0.71) 0.62 (0.59–0.65)

No OAC at baseline

All-cause mortality 0.77 (0.76–0.78) 0.68 (0.67–0.70) 0.77 (0.75–0.79) 0.68 (0.66–0.71)

Non-haemorrhagic stroke/SE 0.67 (0.65–0.71) 0.64 (0.62–0.67) 0.67 (0.63–0.71) 0.62 (0.58–0.66)

Major bleeding 0.70 (0.66–0.74) 0.61 (0.56–0.65) 0.70 (0.66–0.76) 0.63 (0.58–0.69)

Very low to low riska

All-cause mortality 0.74 (0.70–0.78) 0.53 (0.49–0.57) 0.72 (0.65–0.79) 0.51 (0.44–0.58)

Non-haemorrhagic stroke/SE 0.71 (0.64–0.78) 0.52 (0.46–0.59) 0.71 (0.64–0.79) 0.54 (0.45–0.63)

Major bleeding 0.72 (0.66–0.78) 0.54 (0.45–0.61) 0.72 (0.65–8.0) 0.59 (0.47–0.71)

OAC, oral anticoagulant; SE, systemic embolism; UCD, universal clinician device.
aCHA2DS2VASc score of 0 or 1 (men) and 1 or 2 (women); HAS-BLED 0 or 1 for major bleeding/haemorrhagic stroke.
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patients, 44.2%were female, the median age was 71 years [interquar-
tile range (IQR): 63–78], and the median BMI was 26.9 kg/m (IQR:
23.9–30.7 kg/m2). Most of the cohort was comprised of Caucasian
(63.1%) or Asian (28.1%) patients. Full details of baseline character-
istics are displayed in Table 2. Missing data were more frequent in
data obtained during physical examination including BMI (22%),
blood pressure (6.4%), and heart rate (7.3%). The association be-
tween these variables suggests that this missingness was not random,
and therefore, including missing data as a predictor was deemed of
value. The percentage of missing values for all variables is provided
in Table 3. For the split sample analysis for model development, 34
853 patients were randomly allocated to the derivation set and 17
165 were allocated to the validation set. Baseline characteristics
were comparable between the two sample groups (see
Supplementary material online, Table S1).

Treatment patterns and clinical
outcomes
NOACs (+AP), VKAs (+AP), or AP alone were initiated for 87.8%
of patients. Overall, VKAs were the most prescribed treatment
(39.3%), followed by NOACs (27.5%) (Table 2 and Supplementary
material online, Table S1).
Within the full GARFIELD-AF population, all-cause mortality was the

primary adverse outcome with 3708 events over 2 years of follow-up
[3.83 (3.71–3.95), per 100 person years) (Table 4). A total of 966 non-
haemorrhagic stroke/SE events [1.01 (0.94–1.07), per 100 person years]
and 942major bleeds [0.98 (0.92–1.05), per 100 person years] were re-
corded. There was negligible difference observed when comparing
event rates between the derivation and validation sets (Table 4). Of
specific high-risk patients, 1284 had baseline comorbid diabetes and

Figure 3 Distribution of the CHA2DS2VASc score categories according to the deciles of Universal Clinician Device 1 year stroke risk device in the
full GARFIELD-AF population.
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Table 6 Non-haemorrhagic stroke/SE incidence estimates (1—Kaplan–Meier) and corresponding 95% CIs at 1 year
follow-up by CHA2DS2VASc score categories by UCD stroke in 1st year quartiles in the GARFIELD-AF population

CHA2DS2VASc
score

New innovativeb stroke risk in the 1st year

Min to 1st quartile
(0.08–0.84)

1st quartile to median
(0.84–1.23)

Median to 3rd quartile
(1.23–1.81)

3rd quartile to max
(1.81–26.9)

0–1 0.34 (0.21–0.54) 0.67 (0.37–1.20) 1.97 (0.40–2.31) NAa

2–3 0.40 (0.27–0.58) 0.86 (0.67–1.11) 1.12 (0.86–1.45) 1.92 (1.42–2.58)

4–5 NAa 0.69 (0.46–1.03) 1.30 (1.04–1.62) 2.30 (1.96–2.69)

6–9 NAa NAa NAa 2.95 (2.42–3.59)

UCD, universal clinician device.
aNot enough patients available in this category to compute a survival estimate.
bIn order to conduct a fair comparison between UCD and the CHA2DS2VASc score, the UCD model was analysed assuming a lack of baseline OAC treatment.
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moderate CKD: 202 (15.7%) of these patients died, 51 (4.0%) experi-
enced a non-haemorrhagic stroke/SE, and 42 (3.3%) experienced a ma-
jor bleed within 2 years follow-up. A total of 1165 patients had a
combination of diabetes, a BMI of≥30 kg/m2, andwere aged≥75 years:
173 (14.8%) died, 35 (3.0%) experienced a non-haemorrhagic stroke/SE,
and 45 (3.9%) experienced a major bleed within 2 years follow-up.

Development of the UCD risk models
The following characteristics were identified as important predictors
for each of the UCD models: (i) all-cause mortality: age, female sex,
ethnicity, BMI, DBP, pulse, OAC treatment, vascular disease, CHF,
moderate-to-severe CKD, diabetes, dementia, prior stroke, history
of bleeding, smoking status; (ii) non-haemorrhagic stroke/SE: Age,
DBP, OAC treatment, CHF, moderate-to-severe CKD, diabetes,
prior stroke, smoking status; and (iii) major bleeding: age, OAC treat-
ment, AP treatment, pulse, moderate-to-severe CKD, history of
bleeding. Forest plots indicating the resulting hazard ratio for each
component of the UCD are shown in Supplementary material
online, Figures S1–S3, as calculated using the derivation set.

Performance of UCD risk models
Within the derivation set, close calibration was indicated between
the observed and the predicted risk of all-cause mortality
(Figure 1A) and major bleeding (Figure 1C). A lower but good calibra-
tion was shown for non-haemorrhagic stroke/SE (Figure 1B), with a
slight overestimation of patients at very high risk. Comparable results
were calculated for the validation set, as close calibration was indicated
between the observed and predicted outcomes (Figure 1 D–F). The

median percentage risk (Q1; Q3) of all-cause mortality, non-
haemorrhagic stroke/SE, and major bleeding were 4.7 (2.6–8.7), 1.6
(1.1–2.4), and 1.5 (0.9–2.4), respectively (Figure 2).

Comparison of the UCD new innovative
models and the CHA2DS2VASc/
HAS-BLED scores
Within the derivation sample set, the UCD demonstrated superior
discrimination at 2 years of follow-up for all-cause mortality [0.75
(0.74–0.76) vs. 0.66 (0.65–0.67)] and non-haemorrhagic stroke/SE
[0.68 (0.66–0.70) vs. 0.64 (0.62–0.66)] compared with the
CHA2DS2VASc model. Similarly, the UCD showed superior discrim-
ination than the HAS-BLED model for major bleeding [0.69 (0.67–
0.71) vs. 0.61 (0.59–0.63)]. These results persisted having refit the
CHA2DS2VASc and HAS-BLED models for better discrimination
(Table 5). Comparable results were indicated for the validation sam-
ple set: all-cause mortality [0.75 (0.74–0.77) vs. 0.66 (0.65–0.67)],
non-haemorrhagic stroke/SE [0.68 (0.66–0.71) vs. 0.64 (0.61–
0.67)], and major bleeding [0.68 (0.66–0.71) vs. 0.61 (0.59–0.64)].
Patients within in the 1st decile of the UCD stroke risk tool (0.08–

0.58%) rarely exceeded a CHA2DS2VASc score of 3; most patients
within the 10th decile of the UCD (2.73–26.9%) exceeded a
CHA2DS2VASc score of 2 (Figure 3). Approximately 34.5% of pa-
tients categorized with a CHA2DS2VASc score of .1 were pre-
dicted to have the lowest risk of stroke according to the UCD;
approximately 11.4% of patients in the 4th decile of the UCD
(0.92–1.07% 1-year stroke risk) had a CHA2DS2VASc score of 0–1.

Figure 4 Estimated average rate for outcomes over 2 years of follow up according to the observed real-world GARFIELD-AF population, if all
patients followed CHA2DS2VASc guidelines for treatment with oral anticoagulant, and if all patients followed treatment guidelines according to the
Universal Clinician Device.
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Increasing UCD quartiles provided a superior prediction of chan-
ging average rates of stroke compared with increasing
CHA2DS2VASc categories (Table 6).

Risk reduction according to UCD model
recommendations
Within the GARFIELD-AF population, the average observed 2-year
rates for all-cause mortality, stroke/SE, and major bleeding were
7.1%, 1.7%, and 1.9%, respectively (Figure 4). Implementation of
treatment recommendations using CHA2DS2VASc forOAC therapy
(Scenario 1) and therapies for other clinical risk factors reduced es-
timated event rates of mortality and stroke to 6.6%, 1.7%, and in-
creased major bleeding to 2.1%. The use of the UCD for stroke
risk, to determine the need for OAC therapy and therapies for other
clinical risk factors, further reduced the estimates for all-cause mor-
tality and stroke/SE to 5.4% and 1.5%. Themajor bleed rate was 1.6%,
exhibiting both a lower rate compared with both Scenario 1 and the
real-world (Figure 4, Table 7).

In patients with diabetes and comorbid conditions such as CKD,
implementation of applicable UCD recommendations reduced the
estimated probability of all-cause mortality from 13.15% (no treat-
ment) to 8.67% (recommended treatments provided). Similarly,
stroke/SE was reduced from 4.40 to 2.93%. Major bleeding increased
slightly from 1.76% to 2.12% (Table 7).

In elderly patients with concomitant diabetes, a BMI of 32 kg/m2

and of 80 years of age, the UCD recommendations improved the es-
timated probability of all-cause mortality from 13.08% to 8.87%.
Stroke risk was similarly improved (4.23–2.88%). Major bleeding in-
creased slightly due to the OAC therapy (1.84–2.12%). An example
of the output from the UCD is illustrated in Figure 5.

Discussion
The design of the UCD combines easily attainable patient data with
curated guideline-based recommendations into a dynamic and trans-
latable outcome risk tool. It directly applies an algorithm to data avail-
able in routine clinical care and generates appropriate tailored
treatment recommendations. Importantly, the UCD aids treatment
choices by illustrating outcome risk changes associated with modifi-
cation or treatment of key AF risk factors. In addition, the UCD ben-
efits from an ability to account for missing data.
The GARFIELD-AF risk model has previously indicated that both

OAC use and the type of OAC used to play an important role in im-
proving outcomes.13 However, successful thrombo-prophylaxis for
AF patients requires a careful balance of improved stroke risk and
the increased bleeding risk associated with OAC therapy. The ability
of the UCD to both predict individual risks for mortality, stroke, and
major bleeding and to demonstrate the impact of OAC initiation,
therefore, allows for better informed treatment decision. This is
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Table 7 Average estimated outcome probabilities (%) within 2 years follow-up by new innovative recommendations

Outcomes Following no
recommendationsa

Following non-OAC
related

recommendations

Following OAC and
non-OAC related
recommendations

Following OAC and non-OAC
recommendations and SGLT2

inhibitors/GLP-1RAs

Original GARFIELD-AF population

All-cause mortality 8.45 8.02 5.42 —

Non-haemorrhagic

stroke/SE

2.58 2.40 1.50 —

Major bleeding 1.19 1.13 1.62 —

Current smoker and DBP of 110 mmHg

All-cause mortality 9.55 7.11 5.51 —

Non-haemorrhagic

stroke/SE

8.62 2.71 2.05 —

Major bleeding 1.19 1.13 1.45 —

Diabetes and moderate CKD

All-cause mortality 13.15 12.50 9.97 8.67

Non-haemorrhagic

stroke/SE

4.40 4.08 3.11 2.93

Major bleeding 1.76 1.67 2.12 2.12

Diabetes, BMI: 32 kg/m2, age: 80 years

All-cause mortality 13.08 12.25 10.20 8.87

Non-haemorrhagic

stroke/SE

4.23 3.85 3.07 2.88

Major bleeding 1.84 1.74 2.12 2.12

CKD, chronic kidney disease; DBP, diastolic blood pressure; OAC, oral anticoagulant; SE, systemic embolism; UCD, universal clinician device.
aAssuming no oral anticoagulation at baseline.
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particularly important for high-risk patients such as those with con-
comitant diabetes. Cardiovascular disease and risk factors are pri-
mary causes of death in diabetic patients.22 Therefore, specialised
treatment strategies to alleviate CV outcomes in this sub-population
are paramount. Sodium–glucose cotransporter 2 inhibitors/
GLP-1RAs significantly reduce the risk of CV outcomes in diabetic
patients and thus were incorporated into the device’s recommenda-
tions.23–30 Two recently published meta-analyses have detailed the
extensive association of SGLT2 inhibitors and GLP-1RA’s with a
reduced risk of CV outcomes in patients with diabetes.31,32

Patient populations incorporated into each of these meta-analyses
demonstrated a substantial over-lap of baseline patient characteris-
tics with the GARFIELD-AF population, suggesting that the estimated
risk reduction associated with SGLT2/GLP-1RA’s is applicable for the
current study. Furthermore, there has been no evidence within these
meta-analyses to indicate treatment interactions with these baseline
factors. The overall treatment effect should, therefore, apply to the
GARFIELD-AF patients. Incorporation of SGLT2/GLP-1RA into the
UCD allowed optimized treatment choice in this high-risk cohort.
Similarly, it provided valuable information for patients with a low
risk of stroke.

A number of risk scores are available for stroke risk prediction ac-
cording to OAC choices such as ATRIA, the ABC-stroke score, the

GARFIELD-AF stroke model, and the most commonly utilized, the
CHA2DS2VASc score. However, as described by the European
Heart Rhythm Association (EHRA)/Heart Rhythm Society (HRS)/
Asia Pacific Heart Rhythm Society (APHRS)/Latin American Heart
Rhythm Society (LAHRS) consensus of 2020, there is no one perfect
predictive stroke risk score, and therefore it is important to consider
the most appropriate tool for the right circumstances.33 Although
the UCD demonstrated superior predictive power compared with
CHA2DS2VASc for all-cause mortality, the absolute difference in
c-indexes was small. Similarly, the c-indexes for stroke/SE and bleed-
ing were significantly improved compared with simple clinical scores,
but did not reach perfect prediction. However, it is important to
note that the UCD aims to guides clinicians to recognize the risk
zone for individual patients and to link risk reduction potential
with guideline-based treatment recommendations rather than striv-
ing for perfection in prediction.
The ESC 2020 AF-management guidelines suggest optimization of

shared decision making between the treating physician and patient.11

In addition, due to the dynamic nature of AF-related risk factors, the
guidelines recommend regular assessment of stroke and bleeding risk
at each clinical review. In contrast to the CHA2DS2VASc score, the
UCD facilitates these requirements by providing easy-to-assess tai-
lored information for the annual treatment burden associated with

Figure 5 Sample output from the Universal Clinician Device, providing individualized recommendations and the adjusted outcomes risks.
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each treatment choice. As an adjustable and dynamic risk device, it
accounts for fluctuating risk factors, allowing long-term anticoagula-
tion to be consistently re-considered at each clinical review. The use
of a multifunction, single individualized risk tool has been shown to
better the rates of mortality, stroke, and bleeding events in compari-
son to multiple single-purpose risk tools.34 Recently, the use of an in-
tegrated mobile health device for dynamic management of AF has
been investigated as a potential route to improving patient outcome.
The mobile AF application (mAFA) described by Guo et al.35, which
provides a range of clinical decisions support tools, including
CHA2DS2VASc andHAS-BLED, demonstrated a significant improve-
ment in rates of stroke/SE, mortality, and re-hospitalization over a
follow-up of almost 9 months. Interestingly, the use of the mAFA
also lead to a substantial increase in OAC administration, particularly
for high-risk patients in comparison to those receiving usual care.
Interestingly, the use of the mAFA tool in combination with the
HAS-BLED score was capable of dynamically monitoring modifiable
bleeding risks and led to a significant reduction in bleeding events and
increased OAC use.36

The UCD allows simultaneous analyses of the risk of all-cause
mortality, stroke/SE, and major bleeding, while also accounting for
high-risk sub-populations. It is clinically advantageous as it allows
for simple individualised risk assessment. Future work is required
to carry out a prospective study to establish the predicted benefits
of the UCD in clinical practice. In addition, due to the simple nature
of the UCD, future studies will include a mixed-methods approach
such as human factor testing with health care professionals (cardiol-
ogists, GPs, physician assistants, and nurse practitioners). Indeed, re-
cent human factor tests have indicated that users found the UCD
intuitive, and individualised CV risk-based treatment recommenda-
tions to be beneficial. It was also of educational value for patients
to increase treatment adherence.

Strengths
Strengths of the UCD include its development using the large global
GARFIELD-AF registry of over 52 000 patients with long-term
follow-up of 2 years. The device was internally validated using a split
sample approach and demonstrated comparable results throughout
for both the derivation and validation sets. Use within routine care is
simple, as it requires readily available patient data and does not ne-
cessitate specialized information such as genomic data or laboratory
testing. In addition, it capably maintains accurate risk assessment
when key data are missing, a critical advantage within routine clinical
care where patient data is often incomplete.

Limitations
The limitations of this study include that an external dataset was not
available for additional validation and thus these results have not been
validated in an independent population; however, we anticipate that
further research groups will perform external validation as they util-
ize the UCD. Some parameters within the algorithm had very little
missing data making estimation of missingness for these factors diffi-
cult. Finally, this analysis includes some assumed benefits, determined
according to published clinical trial data, which is not an optimal sub-
stitute for RCT evidence.

Conclusion
The UCD provides a new user-friendly algorithm to simultaneous-
ly predict the risk of mortality, stroke, and bleeding using easily at-
tainable individual patient clinical data and guideline-based
optimized treatment plans. It generates tailored treatment recom-
mendations and illustrates the outcome risks associated with each
treatment choice, as well as provides risk adjustments associated
with modification of key AF risk factors. The simple and dynamic
nature of the UCD would allow translation into routine clinical
practice and care. Future work is required to carry out a prospect-
ive study to establish the predicted benefits of the UCD in clinical
practice.
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