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1. Background and rationale 
 
RAte control Therapy Evaluation in Atrial Fibrillation (RATE-AF) was a pragmatic clinical 
trial embedded in usual healthcare practice and co-designed by a patient and public team.  
The trial compared the use of digoxin and beta-blockers as initial rate control therapy in 
patients with permanent atrial fibrillation (AF) and symptoms of heart failure. 
 
The background and rationale for the trial are detailed in the published design paper.[1]  In 
brief, AF is an increasingly common cardiac condition that leads to a substantial burden on 
quality-of-life (QoL), an increased risk of cardiovascular events, hospitalisation and death, 
and significant healthcare cost for health services globally.  Beta-blocker therapy is the usual 
first-line option in current clinical practice, with digoxin typically used a secondary approach, 
for example in treatment failure or for patients unable to tolerate beta-blockers.  
 
The RATE-AF trial was the first direct, randomised comparison of low-dose digoxin and 
beta-blockers for rate control, with the primary results published in 2020.[2]   The trial found 
no difference for the primary outcome of patient-reported physical quality of life at 6 months.  
Those randomized to digoxin demonstrated significantly fewer adverse effects at 12 months, 
a greater improvement in functional capacity, and a reduction in cardiac strain.  In subsequent 
analyses, digoxin was shown to improve systolic heart function when compared to beta-
blockers [3], and have an equivalent effect on heart rate control both at rest and on exertion 
within a consumer wearables sub-study.[4]  There was no interaction on the clinical benefit 
received from digoxin with respect to circulating digoxin-like cardiotonic steroids.[5] 
Further, low-dose digoxin was shown to be cost saving for the UK National Health Service 
(NHS) in a trial-based health economic assessment.[6]    
 
The findings from RATE-AF have informed clinical practice globally, and are already 
included in contemporary clinical practice guidelines.[7] However, long-term outcome data 
on the comparison between digoxin and beta-blocker therapy in this patient population are 
limited, and typically biased by patient and prescription factors.[8]  In this follow-up analysis 
pre-planned during the design of the trial, long-term outcome data have been obtained for 
RATE-AF participants through centralised NHS hospital records.  We aim to understand the 
longer-term impact of rate control therapy, and define better approaches for risk stratification 
of patients.  This approach of outcome data collection has significant advantages for this type 
of analysis, mitigating any potential biases in outcome ascertainment with the ability to 
collect data on any hospitalisation across the entire UK NHS, as well as all deaths and the 
underlying cause. 
 
 

2. Study objectives 
 
The aim of the study is to: 
• Assess whether clinical outcomes continue to diverge after the 12-month trial period 

between participants originally randomised to the digoxin and beta-blocker groups; 
• Determine whether baseline and follow-up assessment variables have clinical utility to 

stratify long-term prognosis in individual patients. 
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3. Trial methods 

3.1. Ethics and registration 
 
Approval for the RATE-AF trial was obtained from the East Midlands–Derby research ethics 
committee (16/EM/0178), the Health Research Authority (IRAS 191437), and the Medicines 
and Healthcare Products Regulatory Agency.  The trial was funded by the UK National 
Institute for Health & Care Research (NIHR; CDF-2015-08-074) and prospectively registered 
with clinicaltrials.gov (NCT02391337), clinicaltrialsregister.eu (2015-005043-13) and 
ISRCTN (95259705). 
 

3.2. Trial design 
 
RATE-AF was a prospective, randomised, open-label, blinded endpoint clinical trial 
comparing the use of digoxin and beta-blockers as initial rate control therapy.  Randomisation 
used a minimisation algorithm to achieve balance across groups in gender and baseline 
modified European Heart Rhythm Association (mEHRA) functional class score. 
 

3.3. Trial interventions 
 
Digoxin 62.5-250 µg once daily and bisoprolol 1.25-15 mg once daily (or equivalent beta-
blocker). 
The RATE-AF team managed the rate control interventions for each enrolled participant for a 
12-month period, after which each patient was returned to the care of their primary or 
specialist physician.   
 

3.4. Timing of outcome assessments 
 
Six and twelve-month outcomes after randomisation have been completed and published. 
This SAP refers to subsequent analyses up to five years after the date of randomisation.  
 

3.5. Trial comparisons 
 
All references in this document to ‘group’ refer to the original randomisation to digoxin or 
beta-blockers, with an intention-to-treat approach.  
  

3.6. Data sources 
 
Data sources for this follow-on study include:   
• Data obtained from case report forms at trial visits: baseline, up-titration, 6-month follow-

up and 12-month follow-up. 
• Detailed core-lab assessed echocardiographic measurements relating to left ventricular 

systolic and diastolic function, including: left ventricular ejection fraction, global 
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longitudinal strain, stroke volume, Tissue Doppler Imaging (TDI) systolic velocity, left 
atrial volume indexed to body surface area, left atrial ejection fraction, left atrial reservoir 
strain, mitral valve peak velocity (E), mitral E wave deceleration time, isovolumic 
relaxation time, TDI e’ from septal and lateral wall, ratio of E/ averaged of e’ from both 
walls, pulmonary venous systolic/ diastolic ratio and pulmonary diastolic deceleration 
time. 

• Electrocardiogram (ECG) data, including ECGs obtained at each visit and ambulatory 
monitoring. 

• Device and smartphone data from the RATE-AF wearables sub-study, including dynamic 
heart rate and physical activity measurements. 

• Other clinical assessments made, including cardiac magnetic resonance imaging 
performed for clinical reasons in trial participants, routine blood tests and serum digoxin 
levels. 

• Circulating cardiotonic steroid levels measured at baseline and 6-months follow-up within 
the RATE-AF mass spectrometry sub-study. 

• Health cost and consequence data compiled during the trial period for the RATE-AF 
health economics analysis. 

• Hospital Episode Statistics (HES) data from NHS England, including admissions, 
outpatient appointments and Emergency Department visits 5 years from patient 
randomisation.  

• Civil Registrations of Death data from NHS England, as provided by the Office for 
National Statistics (ONS) for participants deceased during the 5 years from patient 
randomisation. 

 

3.7. Ascertainment of long-term clinical outcomes 
 
All participants in the RATE-AF trial provided written informed consent to obtain future 
relevant medical records up to 5-years post randomisation.  Data were requested through an 
application to the NHS England Data Access Request Service (DARS). 
 
DARS approval number: DARS-NIC-764229-C0C7B-v0.7; date of approval: 16/05/2025. 
 
Data sources obtained and relevant coding system:  
• Hospital Episode Statistics Admitted Patient Care (HES APC); using ICD-10 for 

diagnosis codes and OPCS-4 for procedures. 
• Hospital Episode Statistics Outpatients (HES OP); using ICD-10.* 
• Hospital Episode Statistics Accident and Emergency (HES A&E), for emergency 

department data before 1 April 2020; using accident and emergency clinical codes.  
• Emergency Care Data Set (ECDS), for emergency department data after 1 April 2020; 

using SNOMED-CT. 
• Civil Registrations of Death as provided by Office for National Statistics (ONS); using 

ICD-10. 
* Diagnosis is not included in HES OP. 
 
Dates/time-periods of outcome data: The exact date and time-periods of outcome data for 
individual participants will vary, with follow-up ending 5 years from the randomisation date.  
The period covered by the outcome dataset is planned to be from June 2016 to March 2024, 
but additional data may be provided by the NHS DARS team according to database time-
periods.  
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Validation: The datasets have undergone prior curation processes to ensure a high standard of 
data quality, consistency and completeness.  As such, extensive primary data cleaning will 
not be performed.  However, targeted validation and quality assurance checks will be 
conducted to confirm data integrity, assess completeness, and ensure suitability for the 
specific analytical use case.  
 
Code lists utilised for outcome definitions:  All code lists will be predefined and made 
publicly available prior to analysis commencing (https://www.dare2think.org/rate-af/).  The 
constituent ICD-10 and SNOMED-CT codes for each outcome variable will be listed 
following a transparent validation process.[9] 
  

3.8. Reporting frameworks 
 
The results of this study will be reported according to the CODE-EHR minimum standards 
framework for the use of structured healthcare data in clinical research.[10] 
 
 

4. Statistical principles 

4.1. Confidence intervals and p-values 
 
All estimates of differences between groups will be presented with two-sided 95% confidence 
intervals, unless otherwise stated.  P-values will be reported from two-sided tests, with 
p<0.05 denoting statistical significance.  
 

4.2. Adjustments for multiplicity 
 
Unless specified, no correction for multiple testing will be made. 
 

4.3. Analysis populations 
 
Primary analyses will be by intention-to-treat.  Participants will be analysed in the 
intervention group to which they were randomised and received treatment, whether or not 
they continued the allocated intervention.   
The per-protocol set will consist of patients that remained in atrial fibrillation and were 
receiving their allocated treatment at 12 months (based on data from oral medications). 
 
The beta-blocker group will be used as a reference category for all model-based analyses.  
 

4.4. Blinding 
 
Not applicable; RATE-AF was an open-label trial. 
  

https://www.dare2think.org/rate-af/
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4.5. Trial population 
 
CONSORT flowchart: 

 
  
a Randomisation included minimization for gender and the modified European Heart Rhythm Association class 
at baseline.   
b Or another beta-blocker if intolerance to bisoprolol.   
c One patient completed 35 of 36 elements of the Short Form survey 36 (SF-36) questionnaire at 12 months.   
 
 
 
 

 
 551 adults with permanent atrial 

fibrillation assessed for eligibility 

Excluded (n=390): 
Unwilling/unable to take part (n=161) 
Lack of symptoms or less than New York Heart 
  Association class II dyspnea (n=100) 
Not in permanent atrial fibrillation (n=50) 
Limited life expectancy (n=38) 
Bradycardia or pauses (n=22) 
Previous intolerance to study drugs (n=12) 
Other reasons (n=7) 

Randomized 
(n=161) a 

Withdrew before receiving 
allocated therapy (n=1) 

Allocated to DIGOXIN and received at 
least one dose of treatment (n=80) 

Allocated to BISOPROLOL and received 
at least one dose of treatment (n=80) b 

6-month follow-up: 
 
Death prior to follow-up (n=4) 
 
 
Primary outcome analyzed (n=76) 

6-month follow-up: 
 
Death prior to follow-up (n=5) 
Alive but withdrew prior to follow-up (n=1) 
 
Primary outcome analyzed (n=74) 

12-month follow-up: 
 
Death prior to follow-up (n=0) 
Alive but withdrew prior to follow-up (n=2) 
Alive but did not attend follow-up (n=1) 
 
Outcomes analyzed (n=73) c 

12-month follow-up: 
 
Death prior to follow-up (n=2) 
 
 
 
Outcomes analyzed (n=72) 
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5. Analysis methods 

5.1. Group comparisons 
 
The key comparison of interest is digoxin vs beta-blockers, as per the original trial 
randomisation.  In addition, group comparisons will be made of the data sources described in 
section 3.6 for prognostic stratification (secondary objective). 
 
Summary results will be presented as percentages, median and interquartile range (IQR; 
displayed as 25th to 75th quartiles), or mean and standard deviation (SD) depending on their 
distribution, with group comparisons made using the Kruskal Wallis non-parametric rank 
test.  Incidence rates for each of the outcomes will be calculated by dividing the number of 
incident diagnoses by the total person-years of follow-up of at-risk patients.  
 

5.2. Outcome analyses 
 
The censor point for the primary analysis will be at 5-years from each participants 
randomisation date.  If event curves separate then converge during this period, additional 
landmark yearly analyses will be performed from the date of first randomisation to inform 
clinical practice.  The time to first event will be computed, then analysed using Cox 
proportional hazards regression models, reporting univariate analysis and multivariate 
adjustment for the factors listed below.  Hazard ratios and 95% confidence intervals (CI) will 
be presented, along with corresponding p-values.  Analyses will follow our robust 
methodology designed for both clinical trial data and outcomes derived from electronic 
healthcare records.[11,12]   
 
Proportional hazards will be tested using Schoenfeld residuals to ensure that the hazard 
remains constant over time; where proportionality is not observed, the hazard time periods 
will be segmented and reanalysed.  Effect modification will be assessed using p-values from 
interaction terms fitted in the multivariable models. 
   
For hospitalisation outcomes, data will be analysed using Poisson or Binomial regression 
models, with estimates presented as the incident rate ratio along with 95% CI.   
 
Kaplan-Meier plots will graph the outcomes according to group.  Where interactions are 
noted, these will be further assessed using cubic splines in the Cox model and a Royston-
Parmar flexible parametric survival model.  
 
For classification analyses, the area under the Receiver Operator Characteristic curve 
(AUROC) will be determined using logistic regression, with group comparisons using a Chi-
squared test.  Net reclassification improvement and integrated discrimination improvement 
will be evaluated to assess impact on risk prediction, with bootstrapping to calculate the CI.  
Robust methods for model comparisons will be used based on our prior work [13], including 
randomly-generated derivation and validation sets of patients, and using:  
(1) Harrell’s concordance index (C-statistic; proportion of correctly ranked observations in 
terms of survival times); 
(2) Somers’ delta (D-statistic; model fit and agreement between observed and predicted)[14]; 
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(3) the Bayesian Information Criterion (BIC) to assess overall model fit (more negative BIC 
= better fit), with a difference of >10 between models denoting ‘very strong’ evidence.[15]  
 

5.3. Covariate adjustment 
 
Adjustment for all models will include the randomisation minimisation parameters of 
categorical gender and baseline mEHRA score, as well as age at randomisation and baseline 
left-ventricular ejection fraction (LVEF) as continuous variables.  These variables were 
predefined for the main RATE-AF trial’s original main outcome analysis.    
 

5.4. Primary outcome 
 
The primary outcome is a composite of: 
• Cardiovascular mortality. 
• Heart failure-related hospitalisation. 
• Atrial fibrillation-related hospitalisation. 
 

5.5. Secondary outcomes 
 
• Major adverse cardiovascular events, consisting of the composite of cardiovascular 

death, non-fatal myocardial infarction, coronary revascularization, non-fatal stroke, 
and hospitalization for heart failure. 

• All-cause mortality. 
• Cardiovascular death. 
• All potential thromboembolic events, consisting of the composite of acute coronary 

syndrome/myocardial infarction, ischaemic stroke, transient ischemic attack, venous 
and arterial thromboembolism. 

• All-cause hospital admissions and duration of hospital stay. 
• Cardiovascular hospitalisation and duration of hospital stay. 
• Heart failure-related hospitalisation and duration of hospital stay. 
• Atrial fibrillation-related hospitalisation and duration of hospital stay. 
• Implantation of a permanent pacemaker. 

 

5.6. Subgroup analyses 
 
Analysis for the primary outcome will also be conducted in the following subgroups: 
• Age: <75 years and ≥75 years. 
• Gender; recorded in the trial database as female or male. 
• Heart failure sub-type: LVEF<50% and ≥50%. 
• Baseline NT-proBNP level: <900 pg/mL and ≥900 pg/mL. 
• Left atrial volume indexed to body surface area: <40mL/m2 and ≥40mL/m2. 
 

5.7. Sensitivity analyses 
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Predefined sensitivity analyses will be: 
• Competing risk analysis models to account for death where not included in the 

composite outcome, using the method of Fine and Gray.[16] 
• Additional covariate adjustment as relevant to the clinical outcome under study. 

 
 

6. Data handling 

6.1. Distributional assumptions and outlying responses 
 
Distributional assumptions (e.g. normality of regression residuals for continuous outcomes) 
will be assessed prior to analysis; although in the first instance the proposed primary method 
of estimation in this analysis plan will be followed.  If responses are considered to be 
particularly skewed and/or distributional assumptions violated, variables will be appropriately 
transformed prior to analysis (e.g. log transformation). 
 

6.2. Handling of missing data 
 
The primary analysis will use complete case data only, with no imputation. Where required 
and feasible, sensitivity analyses will be completed using multiple imputation methods.   
 

6.3. Data approaches for the primary outcome measure(s) 
 
Cardiovascular mortality is retrieved from ONS mortality data using the ICD-10 code list: 
• Cardiovascular_ICD10_codes. 

 
Heart failure-related and atrial fibrillation-related hospitalisation are retrieved from HES APC 
data using the ICD-10 code lists, respectively: 
• Heart_failure_ICD10_codes. 
• Atrial_fibrillation_ICD10_codes. 
 

6.4. Data approaches for the secondary outcomes 
 
Approaches and code lists for each of the secondary outcomes are listed below: 
 
1. Major adverse cardiovascular events, consisting of the composite of cardiovascular death, 

non-fatal myocardial infarction, coronary revascularization, non-fatal stroke, and 
hospitalization for heart failure are retrieved from the ONS using ICD-10 codes, HES 
APC using ICD-10 codes, OPCS-4 codes and ECDS using SNOMED-CT codes: 
• Cardiovascular_ICD10_codes 
• Myocardial_infarction_ICD10_codes 
• Myocardial_infarction_SNOMED_codes 
• Percutaneous_Coronary_Intervention_OPCS4_codes 
• Coronary_Artery_Bypass_Grafting_OPCS4 codes 
• Stroke_ICD10_codes 
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• Stroke_SNOMED_codes 
• Heart_failure_ICD10_codes 

 
2. All-cause mortality is retrieved from ONS mortality data.  

• No code list required 
 

3. Events of acute coronary syndrome/myocardial infarction, ischaemic stroke, transient 
ischaemic attack, and venous and arterial thromboembolism are retrieved from the HES 
APC dataset using ICD-10 codes, and HES AE and ECDS using SNOMED-CT codes:  
• Acute_coronary_syndrome_ICD10_codes 
• Acute_coronary_syndrome_SNOMED_codes 
• Myocardial_infarction_ICD10_codes 
• Myocardial_infarction_SNOMED_codes 
• Ischaemic_stroke_ICD10_codes 
• Ischaemic_stroke_SNOMED_codes 
• Transient_ischaemic_attack_ICD10_codes 
• Transient_ischaemic_attack_SNOMED_codes 
• Venous_thromboemolism_ICD10_codes 
• Venous_thromboemolism_SNOMED_codes 
• Arterial_thromboemolism_ICD10_codes 
• Arterial_thromboemolism_SNOMED_codes 

 
4. All-cause hospitalisation and duration are retrieved from HES APC dataset: 

• No code list required  
 
5. Cardiovascular, heart failure-related and atrial fibrillation-related hospitalisation and 

duration of hospital stay are retrieved from HES APC data using ICD-10 code lists:  
• Cardiovascular_ICD10_codes 
• Heart_failure_ICD10_codes 
• Atrial_fibrillation_ICD10_codes 
 

6. Implementation of permanent pacemaker is retrieved from HES APC data using OPCS-4 
codes: 
• Cardiac_pacemaker_OPCS4_codes 

 

6.5. Data manipulation  
 
• Primary outcome: 
The primary outcome is a composite of cardiovascular mortality, heart failure-related 
hospitalisation and atrial fibrillation-related hospitalisation.  The time to first event from 
these will be used for analysis.  
Time to first event from the composite events of the primary outcome will be calculated as: 
Time to first event (years) = (Date of first event from the composite events of primary 
outcome - Date of randomisation) / 365.25. 
 
• Individual components of the primary outcome: 
These will also be computed as time to each event from the composite events of the primary 
outcome, similar to that described for the time to first event above.  
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• All-cause mortality and cardiovascular mortality: 
Time to mortality (event) will be calculated as: 
Time to event (years) = (Date of death - Date of randomisation) / 365.25. 
 
• Conventional major adverse cardiovascular events: 
This outcome is a composite of non-fatal stroke, non-fatal myocardial infarction and 
cardiovascular death.  The time to first event from these will be used for analysis. 
Time to first event from the composite events of this outcome will be calculated as: 
Time to first event (years) = (Date of first event from the composite events of conventional 
major adverse cardiovascular events - Date of randomisation) / 365.25. 
 
• Censoring for all time-to-event outcomes: 
If any patient does not experience the event for the outcome being analysed, then they will be 
censored in the analysis based on their last known clinical status (from ONS death data, based 
on the date when it is linked to the HES database).  
If a patient has withdrawn from the trial and so no further clinical data can be collected, they 
will be censored at the point of withdrawal, given they have not previously had the event for 
the outcome being analysed.  Loss to follow-up is not relevant, unless the participant has left 
the coverage of standard NHS care (i.e., moved abroad). 
 
• Hospital admissions duration of stay: 
Hospital admission duration will be computed in days as (Date of discharge - Date of 
admission).  If date of discharge is the same day as date of admission, then duration will be 1 
day.  The duration of stay due to all-cause hospital admission will be treated as a continuous 
data outcome.  In addition, patients may have multiple events for which they will be 
hospitalised for, and so the total duration of stay from all hospital admissions (or those 
specially related to heart failure or atrial fibrillation) will be computed for each patient. 
For patients with no hospital admissions, a value of “0” will be imputed for them for the 
analysis of each outcome.   
 
 

7. References 
 
1.  D Kotecha, M Calvert, JJ Deeks, M Griffith, P Kirchhof, GY Lip, S Mehta, G Slinn, M 
Stanbury, RP Steeds, JN Townend. A review of rate control in atrial fibrillation, and the 
rationale and protocol for the RATE-AF trial. BMJ Open. 2017;7:e015099. 
https://doi.org/10.1136/bmjopen-2016-015099. 

2.  D Kotecha, KV Bunting, SK Gill, S Mehta, M Stanbury, JC Jones, S Haynes, MJ Calvert, 
JJ Deeks, RP Steeds, VY Strauss, K Rahimi, AJ Camm, M Griffith, GYH Lip, JN Townend, P 
Kirchhof, RAte control Therapy Evaluation in permanent Atrial Fibrillation (RATE-AF) team. 
Effect of Digoxin vs Bisoprolol for Heart Rate Control in Atrial Fibrillation on Patient-
Reported Quality of Life: The RATE-AF Randomized Clinical Trial. JAMA. 2020;324:2497-
2508. https://doi.org/10.1001/jama.2020.23138. 

3.  KV Bunting, A Champsi, SK Gill, K Saadeh, AJ Camm, M Stanbury, S Haynes, JN 
Townend, RP Steeds, D Kotecha. Low-dose digoxin improves cardiac function in patients with 
heart failure, preserved ejection fraction and atrial fibrillation - the RATE-AF randomized trial. 
Eur J Heart Fail. 2025. https://doi.org/10.1002/ejhf.70022. 

https://doi.org/10.1136/bmjopen-2016-015099
https://doi.org/10.1001/jama.2020.23138
https://doi.org/10.1002/ejhf.70022


 

RATE-AF long-term SAP, v1.0, 10 Apr 2026; page 13 of 14 
 

4.  SK Gill, A Barsky, X Guan, KV Bunting, A Karwath, O Tica, M Stanbury, S Haynes, A 
Folarin, R Dobson, J Kurps, FW Asselbergs, DE Grobbee, AJ Camm, MJ Eijkemans, GV 
Gkoutos, D Kotecha, BigData@Heart Consortium, cardAIc group, RATE-AF trial team. 
Consumer wearable devices to evaluate dynamic heart rate with digoxin versus beta-blockers: 
The RATE-AF randomised trial. Nat Med. 2024:in-press.  

5.  I Akoumianakis, LC Gilligan, KV Bunting, D Fobian, P Kirchhof, W Arlt, AE Taylor, D 
Pavlovic, D Kotecha. Quantification and impact of circulating cardiotonic steroids in the 
RATE-AF randomised trial of patients with atrial fibrillation and heart failure. BMC Med. 
2025;23:694. https://doi.org/10.1186/s12916-025-04476-2. 

6.  Z Abdali, KV Bunting, S Mehta, J Camm, K Rahimi, M Stanbury, S Haynes, D Kotecha, S 
Jowett. Cost-effectiveness of digoxin versus beta blockers in permanent atrial fibrillation: the 
Rate Control Therapy Evaluation in Permanent Atrial Fibrillation (RATE-AF) randomised 
trial. Heart. 2025;111:362-369. https://doi.org/10.1136/heartjnl-2024-324761. 

7.  IC Van Gelder, M Rienstra, KV Bunting, R Casado-Arroyo, V Caso, H Crijns, TJR De 
Potter, J Dwight, L Guasti, T Hanke, T Jaarsma, M Lettino, ML Lochen, RT Lumbers, B 
Maesen, I Molgaard, GMC Rosano, P Sanders, RB Schnabel, P Suwalski, E Svennberg, J 
Tamargo, O Tica, V Traykov, S Tzeis, D Kotecha. 2024 ESC Guidelines for the management 
of atrial fibrillation developed in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J. 2024;45:3314-3414. 
https://doi.org/10.1093/eurheartj/ehae176. 

8.  OJ Ziff, DA Lane, M Samra, M Griffith, P Kirchhof, GY Lip, RP Steeds, J Townend, D 
Kotecha. Safety and efficacy of digoxin: systematic review and meta-analysis of observational 
and controlled trial data. BMJ. 2015;351:h4451. https://doi.org/10.1136/bmj.h4451. 

9.  X Wang, AR Mobley, O Tica, K Okoth, RE Ghosh, P Myles, T Williams, S Haynes, K 
Nirantharakumar, D Shukla, D Kotecha. Systematic approach to outcome assessment from 
coded electronic healthcare records in the DaRe2THINK NHS-embedded randomized trial. 
Eur Heart J - Dig Health. 2022;3:426-436. https://doi.org/10.1093/ehjdh/ztac046. 

10.  D Kotecha, FW Asselbergs, S Achenbach, SD Anker, D Atar, C Baigent, A Banerjee, B 
Beger, G Brobert, B Casadei, C Ceccarelli, MR Cowie, F Crea, M Cronin, S Denaxas, A Derix, 
D Fitzsimons, M Fredriksson, CP Gale, GV Gkoutos, W Goettsch, H Hemingway, M Ingvar, 
A Jonas, R Kazmierski, S Løgstrup, RT Lumbers, TF Lüscher, P McGreavy, IL Piña, L 
Roessig, C Steinbeisser, M Sundgren, B Tyl, G van Thiel, K van Bochove, PE Vardas, T 
Villanueva, M Vrana, W Weber, F Weidinger, S Windecker, A Wood, DE Grobbee. CODE-
EHR best practice framework for the use of structured electronic healthcare records in clinical 
research. BMJ. 2022;378:e069048. https://doi.org/10.1136/bmj-2021-069048. 

11.  A Karwath, KV Bunting, SK Gill, O Tica, S Pendleton, F Aziz, AD Barsky, S 
Chernbumroong, J Duan, AR Mobley, VR Cardoso, L Slater, JA Williams, EJ Bruce, X Wang, 
MD Flather, AJS Coats, GV Gkoutos, D Kotecha. Redefining beta-blocker response in heart 
failure patients with sinus rhythm and atrial fibrillation: a machine learning cluster analysis. 
Lancet. 2021;398:1427-1435. https://doi.org/10.1016/S0140-6736(21)01638-X. 

12.  AR Mobley, A Subramanian, A Champsi, X Wang, P Myles, P McGreavy, KV Bunting, 
D Shukla, K Nirantharakumar, D Kotecha. Thromboembolic events and vascular dementia in 

https://doi.org/10.1186/s12916-025-04476-2
https://doi.org/10.1136/heartjnl-2024-324761
https://doi.org/10.1093/eurheartj/ehae176
https://doi.org/10.1136/bmj.h4451
https://doi.org/10.1093/ehjdh/ztac046
https://doi.org/10.1136/bmj-2021-069048
https://doi.org/10.1016/S0140-6736(21)01638-X


 

RATE-AF long-term SAP, v1.0, 10 Apr 2026; page 14 of 14 
 

patients with atrial fibrillation and low apparent stroke risk. Nat Med. 2024;30:2288-2294. 
https://doi.org/10.1038/s41591-024-03049-9. 

13.  A Champsi, AR Mobley, A Subramanian, K Nirantharakumar, X Wang, D Shukla, KV 
Bunting, I Molgaard, J Dwight, RC Arroyo, H Crijns, L Guasti, M Lettino, RT Lumbers, B 
Maesen, M Rienstra, E Svennberg, O Țica, V Traykov, S Tzeis, I van Gelder, D Kotecha. 
Gender and contemporary risk of adverse events in atrial fibrillation. Eur Heart J. 
2024;45:3707-3717. https://doi.org/10.1093/eurheartj/ehae539. 

14.  RB Newson. Comparing the predictive powers of survival models using Harrell’s C or 
Somers’ D. Stata J. 2004;10:339-358. https://doi.org/10.1177/1536867X1001000303. 

15.  AE Raftery. Bayesian Model Selection in Social Research. Sociol Methodol. 1995;25:111-
163. https://doi.org/10.2307/271063. 

16.  J Fine, R Gray. A proportional hazards model for the subdistribution of a competing risk. 
J Am Stat Assoc. 1999;94:496-509.  

https://doi.org/10.1038/s41591-024-03049-9
https://doi.org/10.1093/eurheartj/ehae539
https://doi.org/10.1177/1536867X1001000303
https://doi.org/10.2307/271063

	1. Background and rationale
	2. Study objectives
	3. Trial methods
	3.1. Ethics and registration
	3.2. Trial design
	3.3. Trial interventions
	3.4. Timing of outcome assessments
	3.5. Trial comparisons
	3.6. Data sources
	3.7. Ascertainment of long-term clinical outcomes
	3.8. Reporting frameworks

	4. Statistical principles
	4.1. Confidence intervals and p-values
	4.2. Adjustments for multiplicity
	4.3. Analysis populations
	4.4. Blinding
	4.5. Trial population

	5. Analysis methods
	5.1. Group comparisons
	5.2. Outcome analyses
	5.3. Covariate adjustment
	5.4. Primary outcome
	5.5. Secondary outcomes
	5.6. Subgroup analyses
	5.7. Sensitivity analyses

	6. Data handling
	6.1. Distributional assumptions and outlying responses
	6.2. Handling of missing data
	6.3. Data approaches for the primary outcome measure(s)
	6.4. Data approaches for the secondary outcomes
	6.5. Data manipulation

	7. References

