Supplemental Materials

Material S1.
All phase III participants were selected but only those from phase II on dabigatran were included (due to the outcome of interest not being available for phase II participants on alternative treatments) who met the inclusion criteria ≥ 18 years, CHA2DS2-VASc score ≥ 1, and diagnosed with non-valvular AF within the previous 3 months. Participants were excluded if they received more than 60 days of prior Vitamin K antagonists (VKA) treatment, possess or require a mechanical heart valve, had a reversible AF cause, and had been prescribed oral anticoagulant (OAC) for conditions apart from AF. Only patients who had received treatment were used in the analyses for greater cohort distinction.
Material S2. 
Stroke was characterised as the commencement, with assumed vascular origin, of a focal neurological deficit that lasted 24 hours or longer, or resulted in death. Stroke types included haemorrhagic, ischemic, or undetermined. Definition of major bleeding required at least one of the following: symptomatic bleeding in a vital organ/area: pericardial or intra-articular bleeding, retroperitoneal bleeding, intraspinal, intraocular, intracranial, or intramuscular along with compartment syndrome; overt bleeding with a decrease of at least 20 grams per litre in haemoglobin or resulting in at least 2 units transfused of blood or packed cells.
Material S3.
Multiple imputation is a technique that creates plausible estimates and datasets which are generated from a distribution based on the observed data along with variable relationships. Within the analysis, the R package ‘MICE (Multiple Imputation by Chained Equations)’ (Van Buuren, S., & Groothuis-Oudshoorn, K. (2011). mice: Multivariate imputation by chained equations in R. Journal of statistical software, 45, 1-67.) was used to generate 5 imputed datasets (m=5), by 50 iterations (maxit=50), with which the results were pooled to provide a final, complete dataset.
Random Over-Sampling Examples (ROSE) was used to deal with the class imbalance of the outcome variables as seen in Table 1 (3.3% major bleed, 2.6% stroke, 8.9% all-cause mortality). The R package used to implement the method was ‘ROSE’ (Lunardon, N., Menardi, G., & Torelli, N. (2014). ROSE: a package for binary imbalanced learning. R journal, 6(1).) The ROSE methodology was designed for classification tasks. It over-samples the minority class by generating synthetic examples derived from randomly selecting and adding perturbations to balance the class distribution.

Material S4.
Machine learning models have various tuneable parameters. Within this analysis, the default for all the models provided by the specified packages were used to aid in future replication. The models tested came from the ‘caret’ package and included: ‘glm’, ‘rf’, ‘lda’, ‘rpart’, ‘naïve-bayes’, ‘xgbTree’, and ‘nnet’. The full list of available models is provided here https://topepo.github.io/caret/available-models.html. Hence no parameter tuning was performed. However, within the logistic regression model, all available variables were incorporated, and interactions were permitted between variables.
Material S5. 
When changing the threshold for CHADS2 to 3 and CHA2DS2-VASc to 3 in the 1-year application, the precision value of correct positive predictions had a minuscule increase (CHADS2 from 0.013 to 0.019; CHA2DS2-VASc from 0.011 to 0.012) but this was at the cost of a large decrease in the sensitivity of the model (CHADS2 from 0.761 to 0.470; CHA2DS2-VASc from 0.948 to 0.791). Hence, a justification of the set threshold levels has been demonstrated there was no additional benefit in altering them. A similar trend was observed when altering the risk categorisation threshold of the HAS-BLED score from 3 to 4 with the 1-year precision barely rising from 0.031 to 0.032 but a large reduction in sensitivity occurring, dropping from 0.155 to 0.021, confirming that the prediction rates were not enhanced by altering the threshold of these clinical risk scores.
Material S6.
All clinical decisions have different criteria of what is acceptable based on the specific situation. Given the absence of prediction tools with 100% accuracy, when developing models either sensitivity or specificity will be favoured. Clinically one of the main purposes of the current classification scheme with CHA2DS2-VASc is to initially identify patients who are truly low risk. Our analysis includes specificity to capture the occurrence of false positives (those with less risk) which could potentially result in unnecessary intervention or treatment. When assessing a patient for conditions such as cancer, typically the application will yield a higher sensitivity in order to catch more cases. However, when treatments or confirmatory testing is expensive, invasive or has possible side effects, typically specificity of the approach will be maximised. Within this paper, the metrics were balanced (Table 3), then both were separately optimised (Table 4).
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	‘Stroke’
	‘No Stroke’

	Baseline Characteristics
	Total Cohort (% ‘Stroke’ population)
	Mean (SD)
	Missing (% ‘Stroke’ population)
	Total Cohort (% ‘No Stroke’ population)
	Mean (SD)
	Missing (% ‘No Stroke’ population)

	Age (years)
       18-44
       45-54
       55-64
       65-74
       75-90
	
1 (0.1)
16 (2.3)
84 (12.3)
218 (32.0)
336 (49.3)
	
	26 (3.8)
	
422 (1.7)
1533 (6)
4685 (18.4)
9267 (36.3)
9205 (36.1)
	
	390 (1.5)

	Gender
       Female
       Male
	
319 (46.8)
362 (53.2)
	
	0 (0.0)
	
11414 (44.8)
14088 (55.2)
	
	0 (0.0)

	Heart Rate
	
	79.98 (20.8)
	9 (1.3)
	
	80.13 (21.3)
	201 (0.8)

	Systolic Blood Pressure
	
	135.1 (18.9)
	8 (1.2)
	
	132.3 (18.7)
	188 (0.7)

	Diastolic Blood Pressure
	
	77.98 (12.5)
	8 (1.2
	
	78.05 (12.0)
	191 (0.7)

	Height (cm)
	
	166.6 (10.4)
	11 (1.6)
	
	168.22 (10.3)
	254 (1.0)

	Weight (kg)
	
	76.47 (19.0)
	11 (1.6)
	
	81.45 (20.6)
	208 (8.2)

	BMI
	
	27.43 (5.7)
	12 (1.8)
	
	28.66 (6.3)
	273 (1.1)

	Treatment Group
       Apixaban
       ASA
       Dabigatran
       Edoxaban
       Rivaroxaban
       VKA
       Antiplatelets other than ASA
       None
	
121 (17.8)
93 (13.7)
171 (25.1)
9 (1.3)
97 (14.2)
133 (19.5)
9 (1.3)
48 (7.0)
	

	0 (0.0)
	
4505 (17.7)
2163 (8.5)
8722 (34.2)
323 (1.3)
4015 (15.7)
4836 (19.0)
204 (0.8)
1338 (5.2)
	
	11 (1.6)

	Region
       Africa/Middle East
       Asia
       Europe
       Latin America
       North America
	
3 (0.4)
178 (26.1)
322 (47.3)
40 (5.9)
138 (20.3)
	
	0 (0.0)
	
311 (1.2)
4727 (18.5)
12671 (49.7)
1967 (7.7)
5826 (22.8)
	
	0 (0.0)

	Race
       Arab/Middle East
       Asian
       Black/Afro-Caribbean
       White
       Other
	
4 (0.6)
175 (25.7)
17 (2.5)
420 (61.7)
20 (2.9)
	
	45 (6.6)
	
327 (1.3)
4382 (17.2)
436 (1.7)
17780 (69.7)
875 (3.4)
	
	1702 (6.7)

	Alcohol Use
       No Alcohol
       Less than 1 drink/week
       1-7 drinks/week
       More than 7 drinks/week
	
324 (47.6)
156 (22.9)
115 (16.9)
44 (6.5)
	
	42 (6.2)
	
11087 (43.5)
6156 (24.1)
4979 (19.5)
1726 (6.8)
	
	1554 (6.1)

	Smoking Status
       Never Smoked
       Current Smoker
       Ex-Smoker
	
370 (54.3)
84 (12.3)
214 (31.4)
	
	13 (1.9)
	
14785 (58.0)
2359 (9.3)
7536 (29.6)
	
	822 (3.2)

	Types of AF
	
	
	0 (0.0)
	
	
	0 (0.0)

	       Paroxysmal
	339 (49.8)
	
	
	14195 (55.6)
	
	

	       Persistent
	260 (38.2)
	
	
	8740 (34.3)
	
	

	       Permanent
	82 (12.0)
	
	
	2567 (10.1)
	
	

	Hypertension
	540 (79.3)
	
	1 (0.1)
	19131 (75.0)
	
	55 (0.2)

	Diabetes Mellitus
	181 (26.6)
	
	0 (0.0)
	5886 (23.1)
	
	0 (0.0)

	Coronary Artery Disease
	152 (22.3)
	
	19 (2.3)
	4780 (18.7)
	
	643 (2.5)

	Peripheral Artery Disease 
	25 (3.7)
	
	1 (0.1)
	731 (2.9)
	
	195 (7.6)

	Previous Thromboembolism 
	8 (1.2)
	
	3 (0.4)
	3694 (14.5)
	
	0 (0.0)

	Previous Myocardial Infarction
	71 (10.4)
	
	1 (0.1)
	2421 (9.5)
	
	17 (0.07)

	Previous Deep Vein Thrombosis
	8 (1.2)
	
	3 (0.4)
	295 (1.2)
	
	312 (1.2)

	Complex Aortic Plaque
	5 (0.7)
	
	11 (1.6)
	250 (1.0)
	
	513 (2.0)

	Respiratory Disease
	84 (12.3)
	
	1 (0.1)
	2839 (11.1)
	
	269 (1.1)

	Outcomes
	
	
	
	
	
	

	[bookmark: _Hlk142565486]       Major Bleed
	181 (26.6)
	
	0 (0.0)
	692 (2.7)
	
	0 (0.0)

	       Stroke
	681 (100.0)
	
	0 (0.0)
	0 (0.0)
	
	0 (0.0)

	       All-Cause Death
	258 (37.9)
	
	0 (0.0)
	2070 (8.1)
	
	0 (0.0)


Table S1: Characteristics of those who had an outcome of stroke and those did not have a stroke. 
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	‘Major Bleed’
	‘No Major Bleed’

	Baseline Characteristics
	Total Cohort (% ‘Major Bleed’ population)
	Mean (SD)
	Missing (% ‘Major Bleed’ population)
	Total Cohort (% ‘No Major Bleed’ population)
	Mean (SD)
	Missing (% ‘No Major Bleed’ population)

	Age (years)
       18-44
       45-54
       55-64
       65-74
       75-90
	
2 (0.2)
19 (2.2)
99 (11.3)
291 (33.3)
433 (49.6)
	
	0 (0.0)
	
421 (1.7)
1530 (6.0)
4670 (18.5)
9194 (36.3)
9108 (36.0)
	
	0 (0.0)

	Gender
       Female
       Male
	
405 (46.4)
468 (53.6)
	
	0 (0.0)
	
11328 (44.8)
13928 (55.0)
	
	0 (0.0)

	Heart Rate
	
	79.6 (20.9)
	7 (0.8)
	
	80.2 (21.3)
	203 (0.8)

	Systolic Blood Pressure
	
	131.9 (19.5)
	5 (0.6)
	
	132.4 (18.7)
	191 (0.8)

	Diastolic Blood Pressure
	
	76.2 (12.2)
	5 (0.6)
	
	78.1 (12.0)
	194 (0.8)

	Height (cm)
	
	167.5 (10.3)
	7 (0.8)
	
	168.2 (10.3)
	258 (1.0)

	Weight (kg)
	
	81.2 (20.5)
	7 (0.8)
	
	81.3 (20.6)
	212 (0.8)

	BMI
	
	28.8 (6.5)
	9 (1.0)
	
	28.6 (6.3)
	276 (1.1)

	Treatment Group
       Apixaban
       ASA
       Dabigatran
       Edoxaban
       Rivaroxaban
       VKA
       Antiplatelets other than ASA
       None
	
159 (18.2)
53 (6.1)
207 (23.7)
10 (1.1)
169 (19.4)
230 (26.3)
5 (0.6)
40 (4.6)
	
	0 (0.0)
	
4346 (17.2)
2110 (8.3)
8515 (33.6)
322 (1.3)
3846 (15.2)
4606 (18.2)
208 (0.8)
1346 (5.3)
	
	11 (0.04)

	Region
       Africa/Middle East
       Asia
       Europe
       Latin America
       North America
	
2 (0.2)
97 (11.1)
433 (49.6)
39 (4.5)
302 (34.6)
	
	0 (0.0)
	
312 (1.2)
4808 (19.0)
12560 (49.6)
1968 (7.8)
5662 (22.4)
	
	0 (0.0)

	Race
       Arab/Middle East
       Asian
       Black/Afro-Caribbean
       White
       Other
	
4 (0.5)
103 (11.8)
29 (3.3)
668 (76.5)
14 (1.6)
	
	55 (6.3)
	
327 (1.3)
4454 (17.6)
424 (1.7)
17532 (69.3)
881 (3.5)
	
	1692 (6.7)

	Alcohol Use
       No Alcohol
       Less than 1 drink/week
       1-7 drinks/week
       More than 7 drinks/week
	
388 (44.4)
215 (24.6)
160 (18.3)
71 (8.1)
	
	39 (4.5)
	
11023 (43.6)
6097 (24.1)
4934 (19.5)
1699 (6.7)
	
	1557 (6.2)

	Smoking Status
       Never Smoked
       Current Smoker
       Ex-Smoker
	
427 (48.9)
94 (10.8)
332 (38.0)
	
	20 (2.3)
	
14728 (58.2)
2349 (9.3)
7418 (29.3)
	
	815 (3.2)

	Types of AF
	
	
	0 (0.0)
	
	
	0 (0.0)

	       Paroxysmal
	447 (51.2)
	
	
	14087 (55.7)
	
	

	       Persistent
	313 (35.9)
	
	
	8687 (34.3)
	
	

	       Permanent
	113 (12.9)
	
	
	2536 (10.0)
	
	

	Hypertension
	706 (80.9)
	
	2 (0.2)
	18965 (74.9)
	
	54 (0.2)

	Diabetes Mellitus
	255 (29.2)
	
	0 (0.0)
	5812 (23.0)
	
	0 (0.0)

	Coronary Artery Disease
	218 (25.0)
	
	26 (3.0)
	4714 (18.6)
	
	636 (2.5)

	Peripheral Artery Disease 
	44 (5.0)
	
	12 (1.4)
	712 (2.8)
	
	184 (0.7)

	Previous Thromboembolism 
	150 (17.2)
	
	0 (0.0)
	3739 (14.8)
	
	0 (0.0)

	Previous Myocardial Infarction
	121 (13.9)
	
	3 (3.4)
	2371 (9.4)
	
	15 (0.06)

	Previous Deep Vein Thrombosis
	11 (1.3)
	
	12 (1.4)
	292 (1.2)
	
	305 (1.2)

	Complex Aortic Plaque
	11 (1.3)
	
	27 (3.1)
	244 (1.0)
	
	497 (2.0)

	Respiratory Disease
	147 (16.8)
	
	8 (0.9)
	2776 (11.0)
	
	262 (1.0)

	Outcomes
	
	
	
	
	
	

	       Major Bleed
	873 (100.0)
	
	0 (0.0)
	0 (0.0)
	
	0 (0.0)

	       Stroke
	181 (20.1)
	
	0 (0.0)
	500 (2.0)
	
	0 (0.0)

	       All-Cause Death
	258 (29.6)
	
	0 (0.0)
	2070 (8.2)
	
	0 (0.0)


Table S2: Characteristics of those who had an outcome of major bleeding and those did not have a major bleed. 
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