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ABSTRACT
Introduction
There is a lack of evidence that the benefits of screening for atrial fibrillation (AF) outweigh the 

harms. Following the completion of the Screening for Atrial Fibrillation with electrocardiogram (ECG) 

to Reduce stroke (SAFER) pilot trial, the aim of the main SAFER trial is to establish whether screening 

for AF reduces incidence of stroke risk.  

Methods and analysis
Approximately 82,000 people aged 70 years and over and not on oral anticoagulation are being 

recruited from general practices in England. Patients on the palliative care register or resident in a 

nursing home are excluded. Eligible people are identified using electronic patient records from 

general practices and sent an invitation and consent form to participate by post. Consenting 

participants are randomised at a ratio of 2:1 (control : intervention) with clustering by household. 

Those randomised to the intervention arm are sent an information leaflet inviting them to 

participate in screening, which involves use of a handheld single lead ECG four times a day for three 

weeks. ECG traces identified by an algorithm as possible AF are reviewed by cardiologists. 

Participants with AF are seen by a general practitioner for consideration of anticoagulation. The 

primary outcome is stroke. Major secondary outcomes are: death; major bleeding; and 

cardiovascular events. Follow up will be via electronic health records for an average of four years. 

The primary analysis will be by intention-to-treat using time-to-event modelling. Results from this 

trial will be combined with follow up data from the cluster-randomised pilot trial by fixed effect 

meta-analysis. 

Ethics and dissemination
The London—Central Research Ethics Committee (19/LO/1597) provided ethical approval. 

Dissemination will include public-friendly summaries, reports and engagement with the UK National 

Screening Committee. 

Trial registration number: ISRCTN72104369.

KEYWORDS
Atrial fibrillation; screening; randomised controlled trial; primary care; stroke prevention
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ARTICLE SUMMMARY
Strengths and limitations of this study

 This trial is more than twice the size of previous trials of atrial fibrillation (AF) screening and 

has adequate power to determine whether screening reduces risk of stroke. 

 The power calculation has been refined based upon pilot data and the results of an earlier 

trial which used the same AF screening device.

 The screening intervention has been demonstrated by our feasibility and pilot studies to be 

feasible for national roll out if shown to be effective. 

 There is a risk of contamination in the control group due to increasing availability of personal 

devices that enable self-screening of AF. 

 Outcome data relies on electronic capture of routine data which risks incomplete 

ascertainment.
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INTRODUCTION
The rationale for the Screening for Atrial Fibrillation with ECG to Reduce stroke (SAFER) trial has 

been described previously.1 In brief, there is insufficient evidence that the potential benefits from 

screening for AF outweigh the potential harms.2 Recent trials have failed to demonstrate that single 

time-point screening identifies more AF than usual care.3-5 This is likely to be due to better AF 

identification within usual care than was prevalent when the Screening for Atrial Fibrillation in the 

Elderly (SAFE) trial demonstrated the value of single time point screening in identifying additional 

cases of AF in the early 2000s.6 Therefore, interest has focussed on newer technologies that enable 

continuous or intermittent heart rhythm monitoring, such as hand-held ECGs, patches and 

implantable loop recorders.7-9 These approaches do identify more AF than usual care, but have not 

been shown to reduce incidence of stroke.7-9 Since these devices predominantly identify paroxysmal 

AF, it is important to determine whether such screening translates into reduced incidence of stroke, 

as paroxysmal AF may be associated with a lower risk of stroke than permanent AF.10 

While the evidence base for stroke risk reduction with anticoagulation in AF is based on trials that 

included participants with paroxysmal AF, the new technologies diagnose people with lower AF 

burden than will have been typical of those with (usually symptomatic) paroxysmal AF in these 

trials.11  Stroke risk in paroxysmal AF is related to AF burden,12 so it is conceivable that people with 

low burden paroxysmal AF may not benefit from anticoagulation. Indeed, this was the tentative 

conclusion drawn by the LOOP study investigators who diagnosed AF in over 30% of the intervention 

arm of a screening trial using an implantable loop recorder.8  

The emergence of consumer-led screening over recent years has provided further impetus to the 

SAFER trial.13 Several commercially available devices are directly marketed to consumers for 

detection of AF.13  The results of SAFER will also guide clinicians on the appropriate course of action 

in AF identified through consumer-led screening.13 

In addition to stroke prevention, there are other benefits to treating AF with anticoagulation, 

including improved survival and reduced risk of myocardial infarction.11 Indeed, the STROKESTOP 

screening trial reported a marginally significant reduction in a revised composite primary end-point 

of stroke, systemic embolism, bleeding leading to hospitalisation and all cause death.9  Another 

potential benefit of screening for AF is to reduce risk of cognitive decline and vascular dementia.14-17 
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In terms of harm, the major concern is risk of bleeding as a result of anticoagulation of people 

identified as being in AF. There is clear evidence in the trials of treatment of AF with anticoagulation 

that benefit outweighs harm,11 but the ratio of benefit to harm of treatment might be different for 

people with AF identified through screening. For example, in the LOOP trial, the 20% relative risk 

reduction in stroke was largely offset by the 26% relative increase in risk of major bleeding.8

The aim of the SAFER trial is to determine if screening for AF using a hand-held single-lead ECG 

device intermittently over a period of three weeks is effective and cost-effective at reducing stroke 

compared to usual care and to quantify other potential benefits and harms of screening. The design 

of the SAFER pilot trial (now successfully completed) has already been reported.1  This protocol 

paper therefore focuses on changes in methods between the pilot and the main trial. The SPIRIT 

checklist when writing this paper.18

METHODS AND ANALYSIS

Design

SAFER is a multi-centre randomised controlled trial. Randomisation is at the individual level with 

clustering by household (i.e., if there is more than one participant from the same address, they will 

be allocated to the same arm). This is a change from the original intention to randomise at the level 

of the general practice.1 This decision was made during the internal pilot trial, when it became clear 

that remote delivery of the screening intervention greatly reduced the risk of contamination, so 

negating the value of cluster randomisation by practice. However, it was recognised that there 

would be a residual risk of contamination if members of the same household were in different arms 

of the trial. The first patient was randomised in March 2022. It is currently estimated that 

randomisation will finish in January 2024 and follow-up will finish in March 2027.  The trial design is 

summarised in Figure 1.

<<Figure 1. SAFER trial schema>>

Participants 

Participant eligibility is unchanged from the pilot study, being people aged 70 years or older who are 

registered with participating general practices.1 Those who are on the practice palliative care 
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register or in a nursing or residential home are excluded, as are those already on anticoagulation 

therapy. People with a prior record of AF but not currently on anticoagulation are eligible.1 General 

practices are being recruited from throughout England. It is anticipated that about 195 practices will 

be involved. 

Recruitment

Unlike in the pilot cluster randomised trial, where there was little gain in power from increasing 

sample size in each cluster, all eligible patients (as opposed to a random sample) are sent an 

invitation pack by their practice.  This includes a consent form to be returned to the study team 

either by post or online. 

Randomisation

Randomisation is performed on-line at the Oxford Primary Care Clinical Trials Unit following return 

of consent forms, stratified by practice. Random permuted blocks ensure allocations are balanced at 

a ratio of 2:1 (control : intervention) in batches per practice. If there is more than one participant in 

the same household, they are randomised as a cluster to the same arm. 

Baseline data 

This is unchanged from the pilot trial, includes demographics and comorbidities, and is collected 

from the GP electronic medical records.1 

Screening Intervention

This is unchanged from the pilot trial.1 In brief, participants randomised to screening will receive a 

postal invitation to participate. Those who accept this invitation receive a call from the trial team to 

arrange delivery of the single-lead ECG device (Zenicor) and instructions (written with online video 

available) and an offer of subsequent support by telephone on how to use it. They are asked to carry 

out screening four times a day for three weeks, and take additional traces if symptomatic (e.g. 

palpitations, dizziness). Each trace runs for 30 seconds. Participants transmit their recordings to a 

remote database using the mobile capability within the device. 
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A proprietary algorithm (Cardiolund) analyses the ECG traces,19 and those that show possible AF are 

reviewed by a cardiologist or cardiac technician. Review by a second cardiologist is performed if 

there is uncertainty. AF is diagnosed if the rhythm is present continuously for 30 seconds. The results 

are returned to the practice, which notifies participants of the results, and actively follows up 

patients with AF or other significant diagnoses (e.g. ventricular tachycardia, high-degree 

atrioventricular block).  Participating GPs receive on line training on the National Institute for Health 

and Care Excellence (NICE) AF guidelines.20

Follow up

The target follow up duration has been reduced from an average of five years (as per the pilot 

protocol)1 to four years per participant. This is to compensate for the delays imposed on the trial by 

COVID-19, and to lower the risk of control group contamination by AF detection device marketing 

directly to the public.13 The revised sample size calculation (see below) takes this reduced length of 

follow up into account. The programme steering committee will review stroke rate in the whole 

study population (i.e., not by treatment arm), and may recommend modifying follow up duration if 

stroke rates differ from what is expected. Follow up will be by electronic health records (including 

GP records), Hospital Episode Statistics, Office for National Statistics mortality data and national 

disease registries accessed via NHS Digital and ORCHID.21 

Outcomes

The primary outcome is stroke. This includes stroke of any severity, but excludes events only labelled 

as transient ischaemic attack. For the primary endpoint, ischaemic and haemorrhagic stroke events 

will be combined. 

Secondary outcomes include: all-cause death; cardiovascular death; major adverse cardiovascular 

event (composite of myocardial infarction, stroke and other hospital admissions for cardiovascular 

disease, including heart failure); myocardial infarction; major bleeding episode (defined as requiring 

hospital admission); new diagnosis of dementia; new diagnosis of depression. AF detection rates and 

anticoagulation uptake will be reported (principal outcomes of the internal pilot trial). 

Sample size
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The sample size calculation has been updated to reflect the changes in trial design, the result of a 

recent trial of screening for AF using the Zenicor device,9 the interim results of the internal pilot trial, 

and initial baseline findings from the main trial. In the STROKESTOP trial, an 8% reduction in risk of 

stroke was observed.9 Due to higher uptake of screening in the intervention arm of SAFER, and the 

greater observed differences in AF detection rates between intervention and control as compared to 

STROKESTOP, a 12% relative risk reduction in stroke is now anticipated in SAFER. Assuming a 

household cluster size of 1.21 (from observed cluster size to date), a household intraclass correlation 

coefficient of 0.2,22 and a 1% annual risk of stroke in the control arm,9 this equates to needing 

82,000 participants to detect a 12% relative reduction in risk of stroke after four years with 90% 

power. 

Analysis

The intention-to-treat principle will guide data analysis (outcome in all randomised participants will 

be compared between intervention and control). All randomised participants will be included in the 

analysis, regardless of participation in screening. 

The primary analysis will be conducted separately for the cluster randomised pilot trial and the main 

trial, with results then combined by fixed effect meta-analysis. Time-to-event modelling (i.e. a Cox 

proportional hazards model) will be used to obtain an estimate (hazard ratio) of the effect of 

screening on stroke risk (fatal and non-fatal), censoring other causes of death. Analysis time will be 

from date of randomisation. 

Clustering (by practice for pilot trial participants and by household for main trial participants) will be 

accounted for using a robust sandwich estimator of the covariance matrix. The estimate of 

intervention effect will be adjusted for pre-specified baseline co-variates such as age and sex. 

Secondary outcomes will be analysed in a similar way. 

For all analyses, we will test model assumptions. Should these be violated, flexible parametric 

survival models will be considered to model the change in hazard ratio over time. 

Economic analysis
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To determine whether screening is cost-effective from the perspective of the NHS, we will adapt an 

existing economic model.23 This will incorporate data from the SAFER trial, including outcomes such 

as mortality and cardiovascular endpoints, to determine incremental cost per QALY gained 

comparing screening versus no screening over a 4 year time horizon. The model parameters that do 

not come from the trial will be derived from updated literature reviews. We will extend the model to 

a life-time horizon, and consider the impact on cost-effectiveness of repeated screening at different 

time intervals and in different age groups.   

Management and oversight

Management and oversight is delivered through the same structure as in the pilot trial.1 The 

University of Cambridge and NHS Cambridgeshire & Peterborough Integrated Care Board (ICB) are 

co-sponsors. The trial management group meets monthly to review operational issues. The 

programme steering committee (PSC), which has an independent chair and four independent 

members, provides independent over-sight of the programme and acts as the Trial Steering 

Committee.  An active risk register has been compiled in consultation with the funder and sponsors 

and will be monitored and updated throughout.

Patient and public involvement (PPI)

The same approach is being used as in the pilot trial.1 In brief, we have engagement by PPI members 

as an investigator (Trudie Lobban, chief executive of the Atrial Fibrillation Association, (AFA)), and as 

contributors independent of the AFA. 

ETHICS AND DISSEMINATION

Ethical approval has been provided by the London-Central NHS Research Ethics Committee 

(19/LO/1597). 

Public-friendly trial summary documents will be made available to participants at the end of the trial. 

Accessible reports will be generated for the UK National Screening Committee, commissioners and 

other decision makers. The pilot study protocol provides further details.1 
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Requests for pseudonymised data will be directed to the study co-ordinator (Andrew Dymond using 

SAFER@medschl.cam.ac.uk) and will be considered by the investigators, in accordance with 

participant consent.
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Figure 1. SAFER trial schema 
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Reporting checklist for protocol of a clinical trial.

Based on the SPIRIT guidelines.

Administrative 

information Reporting Item

Page 

Number

Title Descriptive title identifying the study design, population, 

interventions, and, if applicable, trial acronym

1

Trial registration Trial identifier and registry name. If not yet registered, 

name of intended registry

4

Trial registration: data 

set

All items from the World Health Organization Trial 

Registration Data Set

4

Protocol version Date and version identifier n/a

Funding Sources and types of financial, material, and other support 12-13

Roles and 

responsibilities: 

contributorship

Names, affiliations, and roles of protocol contributors 1-3, 12

Roles and 

responsibilities: sponsor 

contact information

Name and contact information for the trial sponsor 11
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Roles and 

responsibilities: sponsor 

and funder

Role of study sponsor and funders, if any, in study design; 

collection, management, analysis, and interpretation of 

data; writing of the report; and the decision to submit the 

report for publication, including whether they will have 

ultimate authority over any of these activities

11-12

Roles and 

responsibilities: 

committees

Composition, roles, and responsibilities of the coordinating 

centre, steering committee, endpoint adjudication 

committee, data management team, and other individuals 

or groups overseeing the trial, if applicable (see Item 21a 

for data monitoring committee)

11, 13

Introduction

Background and 

rationale

Description of research question and justification for 

undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits 

and harms for each intervention

6-7

Background and 

rationale: choice of 

comparators

Explanation for choice of comparators 6-9

Objectives Specific objectives or hypotheses 7

Trial design Description of trial design including type of trial (eg, 

parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, 

equivalence, non-inferiority, exploratory)

7
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Methods: Participants, 

interventions, and 

outcomes

Study setting Description of study settings (eg, community clinic, 

academic hospital) and list of countries where data will be 

collected. Reference to where list of study sites can be 

obtained

7-8, 12

Eligibility criteria Inclusion and exclusion criteria for participants. If 

applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, 

surgeons, psychotherapists)

7-8

Interventions: 

description

Interventions for each group with sufficient detail to allow 

replication, including how and when they will be 

administered

8-9

Interventions: 

modifications

Criteria for discontinuing or modifying allocated 

interventions for a given trial participant (eg, drug dose 

change in response to harms, participant request, or 

improving / worsening disease)

8-9

Interventions: adherance Strategies to improve adherence to intervention protocols, 

and any procedures for monitoring adherence (eg, drug 

tablet return; laboratory tests)

9

Interventions: 

concomitant care

Relevant concomitant care and interventions that are 

permitted or prohibited during the trial

8-9
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Outcomes Primary, secondary, and other outcomes, including the 

specific measurement variable (eg, systolic blood 

pressure), analysis metric (eg, change from baseline, final 

value, time to event), method of aggregation (eg, median, 

proportion), and time point for each outcome. Explanation 

of the clinical relevance of chosen efficacy and harm 

outcomes is strongly recommended

9

Participant timeline Time schedule of enrolment, interventions (including any 

run-ins and washouts), assessments, and visits for 

participants. A schematic diagram is highly recommended 

(see Figure)

8-9

Sample size Estimated number of participants needed to achieve study 

objectives and how it was determined, including clinical 

and statistical assumptions supporting any sample size 

calculations

9-10

Recruitment Strategies for achieving adequate participant enrolment to 

reach target sample size

7-8

Methods: Assignment of 

interventions (for 

controlled trials)

Allocation: sequence 

generation

Method of generating the allocation sequence (eg, 

computer-generated random numbers), and list of any 

factors for stratification. To reduce predictability of a 

random sequence, details of any planned restriction (eg, 

8
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blocking) should be provided in a separate document that 

is unavailable to those who enrol participants or assign 

interventions

Allocation concealment 

mechanism

Mechanism of implementing the allocation sequence (eg, 

central telephone; sequentially numbered, opaque, sealed 

envelopes), describing any steps to conceal the sequence 

until interventions are assigned

n/a

Allocation: 

implementation

Who will generate the allocation sequence, who will enrol 

participants, and who will assign participants to 

interventions

8

Blinding (masking) Who will be blinded after assignment to interventions (eg, 

trial participants, care providers, outcome assessors, data 

analysts), and how

n/a

Blinding (masking): 

emergency unblinding

If blinded, circumstances under which unblinding is 

permissible, and procedure for revealing a participant’s 

allocated intervention during the trial

n/a

Methods: Data 

collection, management, 

and analysis

Data collection plan Plans for assessment and collection of outcome, baseline, 

and other trial data, including any related processes to 

promote data quality (eg, duplicate measurements, 

training of assessors) and a description of study 

instruments (eg, questionnaires, laboratory tests) along 

8-9
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with their reliability and validity, if known. Reference to 

where data collection forms can be found, if not in the 

protocol

Data collection plan: 

retention

Plans to promote participant retention and complete 

follow-up, including list of any outcome data to be 

collected for participants who discontinue or deviate from 

intervention protocols

9

Data management Plans for data entry, coding, security, and storage, 

including any related processes to promote data quality 

(eg, double data entry; range checks for data values). 

Reference to where details of data management 

procedures can be found, if not in the protocol

8, 11

Statistics: outcomes Statistical methods for analysing primary and secondary 

outcomes. Reference to where other details of the 

statistical analysis plan can be found, if not in the protocol

10-11

Statistics: additional 

analyses

Methods for any additional analyses (eg, subgroup and 

adjusted analyses)

10-11

Statistics: analysis 

population and missing 

data

Definition of analysis population relating to protocol non-

adherence (eg, as randomised analysis), and any 

statistical methods to handle missing data (eg, multiple 

imputation)

10

Methods: Monitoring

Data monitoring: formal Composition of data monitoring committee (DMC); 11, 13
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committee summary of its role and reporting structure; statement of 

whether it is independent from the sponsor and competing 

interests; and reference to where further details about its 

charter can be found, if not in the protocol. Alternatively, 

an explanation of why a DMC is not needed

Data monitoring: interim 

analysis

Description of any interim analyses and stopping 

guidelines, including who will have access to these interim 

results and make the final decision to terminate the trial

11, 13

Harms Plans for collecting, assessing, reporting, and managing 

solicited and spontaneously reported adverse events and 

other unintended effects of trial interventions or trial 

conduct

11

Auditing Frequency and procedures for auditing trial conduct, if 

any, and whether the process will be independent from 

investigators and the sponsor

11

Ethics and dissemination

Research ethics 

approval

Plans for seeking research ethics committee / institutional 

review board (REC / IRB) approval

11-12

Protocol amendments Plans for communicating important protocol modifications 

(eg, changes to eligibility criteria, outcomes, analyses) to 

relevant parties (eg, investigators, REC / IRBs, trial 

participants, trial registries, journals, regulators)

11

Consent or assent Who will obtain informed consent or assent from potential 8
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trial participants or authorised surrogates, and how (see 

Item 32)

Consent or assent: 

ancillary studies

Additional consent provisions for collection and use of 

participant data and biological specimens in ancillary 

studies, if applicable

n/a

Confidentiality How personal information about potential and enrolled 

participants will be collected, shared, and maintained in 

order to protect confidentiality before, during, and after the 

trial

11-12

Declaration of interests Financial and other competing interests for principal 

investigators for the overall trial and each study site

12-13

Data access Statement of who will have access to the final trial dataset, 

and disclosure of contractual agreements that limit such 

access for investigators

12

Ancillary and post trial 

care

Provisions, if any, for ancillary and post-trial care, and for 

compensation to those who suffer harm from trial 

participation

n/a

Dissemination policy: 

trial results

Plans for investigators and sponsor to communicate trial 

results to participants, healthcare professionals, the public, 

and other relevant groups (eg, via publication, reporting in 

results databases, or other data sharing arrangements), 

including any publication restrictions

11

Dissemination policy: Authorship eligibility guidelines and any intended use of 12
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authorship professional writers

Dissemination policy: 

reproducible research

Plans, if any, for granting public access to the full protocol, 

participant-level dataset, and statistical code

12

Appendices

Informed consent 

materials

Model consent form and other related documentation 

given to participants and authorised surrogates

n/a

Biological specimens Plans for collection, laboratory evaluation, and storage of 

biological specimens for genetic or molecular analysis in 

the current trial and for future use in ancillary studies, if 

applicable

n/a
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ABSTRACT
Introduction
There is a lack of evidence that the benefits of screening for atrial fibrillation (AF) outweigh the 

harms. Following the completion of the Screening for Atrial Fibrillation with electrocardiogram (ECG) 

to Reduce stroke (SAFER) pilot trial, the aim of the main SAFER trial is to establish whether 

populaton screening for AF reduces incidence of stroke risk.  

Methods and analysis
Approximately 82,000 people aged 70 years and over and not on oral anticoagulation are being 

recruited from general practices in England. Patients on the palliative care register or resident in a 

nursing home are excluded. Eligible people are identified using electronic patient records from 

general practices and sent an invitation and consent form to participate by post. Consenting 

participants are randomised at a ratio of 2:1 (control : intervention) with clustering by household. 

Those randomised to the intervention arm are sent an information leaflet inviting them to 

participate in screening, which involves use of a handheld single lead ECG four times a day for three 

weeks. ECG traces identified by an algorithm as possible AF are reviewed by cardiologists. 

Participants with AF are seen by a general practitioner for consideration of anticoagulation. The 

primary outcome is stroke. Major secondary outcomes are: death; major bleeding; and 

cardiovascular events. Follow up will be via electronic health records for an average of four years. 

The primary analysis will be by intention-to-treat using time-to-event modelling. Results from this 

trial will be combined with follow up data from the cluster-randomised pilot trial by fixed effect 

meta-analysis. 

Ethics and dissemination
The London—Central NHS Research Ethics Committee (19/LO/1597) provided ethical approval. 

Dissemination will include public-friendly summaries, reports and engagement with the UK National 

Screening Committee. 

Trial registration number: ISRCTN72104369.

KEYWORDS
Atrial fibrillation; screening; randomised controlled trial; primary care; stroke prevention
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ARTICLE SUMMMARY
Strengths and limitations of this study

 This trial is more than twice the size of previous trials of atrial fibrillation (AF) screening and 

has adequate power to determine whether screening reduces risk of stroke. 

 The power calculation has been refined based upon pilot data and the results of an earlier 

trial which used the same AF screening device.

 The screening intervention has been demonstrated by our feasibility and pilot studies to be 

feasible for national roll out if shown to be effective. 

 There is a risk of contamination in the control group due to increasing availability of personal 

devices that enable self-screening for AF. 

 Outcome data relies on electronic capture of routine data which risks incomplete 

ascertainment.
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INTRODUCTION
The rationale for the Screening for Atrial Fibrillation with ECG to Reduce stroke (SAFER) trial has 

been described previously.[1] In brief, there is insufficient evidence that the potential benefits from 

screening for AF outweigh the potential harms.[2] Recent trials have failed to demonstrate that 

single time-point screening identifies more AF than usual care.[3-5] This is likely to be due to better 

AF identification within usual care than was prevalent when the Screening for Atrial Fibrillation in 

the Elderly (SAFE) trial demonstrated the value of single time point screening in identifying 

additional cases of AF in the early 2000s.[6] Therefore, interest has focussed on newer technologies 

that enable continuous or intermittent heart rhythm monitoring, such as hand-held ECGs, patches 

and implantable loop recorders.[7-9] These approaches do identify more AF than usual care, but 

have not been shown to reduce incidence of stroke.[7-9] Since these devices predominantly identify 

paroxysmal AF, it is important to determine whether such screening translates into reduced 

incidence of stroke, as paroxysmal AF may be associated with a lower risk of stroke than permanent 

AF.[10] 

While the evidence base for stroke risk reduction with anticoagulation in AF is based on trials that 

included participants with paroxysmal AF, the new technologies diagnose people with lower AF 

burden than will have been typical of those with (usually symptomatic) paroxysmal AF in these 

trials.[11]  Stroke risk in paroxysmal AF is related to AF burden,[12] so it is conceivable that people 

with low burden paroxysmal AF may not benefit from anticoagulation. Indeed, this was the tentative 

conclusion drawn by the LOOP study investigators who diagnosed AF in over 30% of the intervention 

arm of a screening trial using an implantable loop recorder.[8]  

The emergence of consumer-led screening over recent years has provided further impetus to the 

SAFER trial.[13] Several commercially available devices are directly marketed to consumers for 

detection of AF.[13]  The results of SAFER will also guide clinicians on the appropriate course of 

action in AF identified through consumer-led screening.[13] 

In addition to stroke prevention, there are other benefits to treating AF with anticoagulation, 

including improved survival and reduced risk of myocardial infarction.[11] Indeed, the STROKESTOP 

screening trial reported a marginally significant reduction in a revised composite primary end-point 

of stroke, systemic embolism, bleeding leading to hospitalisation and all cause death.[9]  Another 

potential benefit of screening for AF is to reduce risk of cognitive decline and vascular dementia.[14-

17] 
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In terms of harm, the major concern is risk of bleeding as a result of anticoagulation of people 

identified as being in AF. There is clear evidence in the trials of treatment of AF with anticoagulation 

that benefit outweighs harm,[11] but the ratio of benefit to harm of treatment might be different for 

people with AF identified through screening. For example, in the LOOP trial, the 20% relative risk 

reduction in stroke was largely offset by the 26% relative increase in risk of major bleeding.[8] This 

concern is reinforced by the results of recent trials of anticoagulation in sub-clinical atrial fibrillation 

and atrial high rate episodes (AHRES) detected as a result of implanted devices such as pacemakers, 

defibrillators and loop recorders (i.e not identified as a result of screening).[18 19]  In the NOAH-

AFNET6 trial, a non-significant 19% reduction in the primary efficacy outcome (composite of 

cardiovascular death, stroke and systemic embolism) was offset by a significant 31% increase in the 

risk of a safety outcome occurring (death from any cause or major bleeding).[18] In the ARTESIA 

trial, a significant 37% reduction in risk of stroke or systemic embolism was offset by a significant 

36% increase in the risk of major bleeding.[19]

The aim of the SAFER trial is to determine if population screening for AF using a hand-held single-

lead ECG device intermittently over a period of three weeks is effective and cost-effective at 

reducing stroke compared to usual care and to quantify other potential benefits and harms of 

screening. The design of the SAFER pilot trial (now successfully completed) has already been 

reported.[1]  This protocol paper therefore focuses on changes in methods between the pilot and 

the main trial. The SPIRIT checklist provides the structure for this paper.[20]

METHODS AND ANALYSIS

Design

SAFER is a multi-centre randomised controlled trial. Randomisation is at the individual level with 

clustering by household (i.e., if there is more than one participant from the same address, they will 

be allocated to the same arm). This is a change from the original intention to randomise at the level 

of the general practice.[1] This decision was made during the internal pilot trial, when it became 

clear that remote delivery of the screening intervention greatly reduced the risk of contamination, 

so negating the value of cluster randomisation by practice. However, it was recognised that there 

would be a residual risk of contamination if members of the same household were in different arms 

of the trial. The first participant was randomised in March 2022. It is currently estimated that 
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randomisation will finish in April 2024 and follow-up will finish in March 2027.  The trial design is 

summarised in Figure 1.

<<Figure 1. SAFER trial schema>>

Participants 

Participant eligibility is unchanged from the pilot study, being people aged 70 years or older who are 

registered with participating general practices.[1] Those who are on the practice palliative care 

register or in a nursing or residential home are excluded, as are those already on anticoagulation 

therapy. Non-UK residents are excluded, as are people who have already consented to another trial 

that may affect participation in SAFER. People with a prior record of AF but not currently on 

anticoagulation are eligible as this may encourage anticoagulation use in these participants as was 

observed in STROKESTOP.[1] General practices are being recruited from throughout England. It is 

anticipated that about 195 practices will be involved. 

Recruitment

Unlike in the pilot cluster randomised trial, where there was little gain in power from increasing 

sample size in each cluster, all eligible patients (as opposed to a random sample) are sent an 

invitation pack by their practice.  This includes a consent form (see supplementary file 1) to be 

returned to the trial team either by post or online. 

Randomisation

Randomisation is performed on-line at the Oxford Primary Care Clinical Trials Unit following return 

of consent forms, stratified by practice. Random permuted blocks ensure allocations are balanced at 

a ratio of 2:1 (control : intervention) in batches per practice. If there is more than one participant in 

the same household, they are randomised as a cluster to the same arm. In recognition that trial 

capacity would be limited primarily by how many participants could be screened, a 2:1 

randomisation ratio was used to increase trial power for a given number of participants randomised 

to screening.  
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Baseline data 

This is unchanged from the pilot trial, includes demographics and comorbidities, and is collected 

from the GP electronic medical records.[1] 

Screening Intervention

This is unchanged from the pilot trial.[1] In brief, participants randomised to screening will receive a 

further postal invitation to participate in screening. Those who accept this invitation receive a call 

from the trial team to arrange delivery of the single-lead ECG device (Zenicor One, Zenicor medical 

systems AB) and instructions (written with online video available) and an offer of subsequent 

support by telephone on how to use it. They are asked to carry out screening four times a day for 

three weeks, and take additional traces if symptomatic (e.g. palpitations, dizziness). Each trace runs 

for 30 seconds. Participants transmit their recordings to a remote database using the mobile 

capability within the device. Each ECG is tagged with a unique participant ID number. 

A proprietary algorithm (Cardiolund) analyses the ECG traces,[21] and those that show possible AF 

are reviewed by a cardiologist or cardiac technician. A second cardiologist  performs additional 

review if there is uncertainty. AF is diagnosed if the rhythm is present continuously for 30 seconds. 

The screening results are returned to the practice, which notifies all participants of their results, and 

actively follows up those with AF or other significant diagnoses (e.g. ventricular tachycardia, high-

degree atrioventricular block).  Participating GPs receive initial training when the practice is set up 

for the trial.  This includes a reminder that confirmation of the diagnosis of AF with a 12 lead ECG is 

not required for diagnosis of paroxysmal AF.[22] -They are offered further on line training on the 

National Institute for Health and Care Excellence (NICE) AF guidelines.[22] GPs are asked to provide a 

reason if they do not initiate anticoagulation for a participant diagnosed through screening. 

Usual care
Participants assigned to the control arm will receive usual care, which might involve single time point 

opportunistic screening. 

Follow up
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The target follow up duration has been reduced from an average of five years (as per the pilot 

protocol)[1] to an average of four years per participant. This is to compensate for the delays 

imposed on the trial by COVID-19, and to lower the risk of control group contamination with risking 

direct marketing of AF detection devices directly to the public.[13] The revised sample size 

calculation (see below) takes this reduced length of follow up into account. The programme steering 

committee will review stroke rate in the whole trial population (i.e., not by treatment arm), and may 

recommend modifying follow up duration if stroke rates differ from what is expected (approximately 

1% per annum).[9] Follow up will be by electronic health records (including GP records), Hospital 

Episode Statistics (HES), Office for National Statistics (ONS) mortality data and national disease 

registries accessed via NHS England and ORCHID database.[23] Participants are linked to these 

databases via a unique number (their NHS number). HES provides principal and secondary diagnosis 

codes for all hospital admissions in England. ONS mortality data includes date of death, and 

underlying and contributory causes of death for all deaths. National disease registries provide an 

alternative source for stroke and myocardial infarction to HES. A comparison of these sources 

suggests that data capture is more complete with combination of sources .[24] 

Funding for longer term follow up will be sought. In particular, if AF screening is associated with 

reduction in dementia, the screening benefit will manifest over a longer time period.  

Outcomes

The primary outcome is stroke. This includes stroke of any severity, but excludes events only labelled 

as transient ischaemic attack. For the primary endpoint, ischaemic and haemorrhagic stroke events 

will be combined. 

Secondary outcomes include: all-cause death; cardiovascular death; major adverse cardiovascular 

event (composite of myocardial infarction, stroke and other hospital admissions for cardiovascular 

disease, including heart failure); myocardial infarction; ischaemic stroke; haemorrhagic stroke;  

major bleeding episode (defined as requiring hospital admission); new diagnosis of dementia; new 

diagnosis of depression. AF detection rates and anticoagulation uptake will be reported (principal 

outcomes of the internal pilot trial). 

Outcome ascertainment will be restricted to data available from electronic health records without 

event adjudication. A comparison of routine versus adjudicated follow up in a vascular events 
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outcome trial found that specificity of routine data was high (over 99%), and that sensitivity was 

over 80% if transient ischaemic attack was excluded.[25] Furthermore, there was no difference in 

effect size between the two sources of data.[25] The sample size calculation below takes into 

account the 80% sensitivity, in that it is based on observed stroke rates in a trial where the follow up 

also relied on routinely available data.[9]

Sample size

The sample size calculation has been updated to reflect the changes in trial design, the result of a 

recent trial of screening for AF using the Zenicor One device,[9] the interim results of the internal 

pilot trial, and initial baseline findings from the main trial. In the STROKESTOP trial, an 8% reduction 

in risk of stroke was observed.[9] Due to higher uptake of screening in the intervention arm of 

SAFER, and the greater observed differences in AF detection rates between intervention and control 

as compared to STROKESTOP, a 12% relative risk reduction in stroke is now anticipated in SAFER. 

Assuming a household cluster size of 1.21 (from observed cluster size to date), a household 

intraclass correlation coefficient of 0.2,[26] and a 1% annual risk of stroke in the control arm,[9] this 

equates to needing 82,000 participants to detect a 12% relative reduction in risk of stroke after four 

years with 90% power.  Overall, the target number of participants was reduced from 126,000 to 

82,000, primarily as a result of the change from being a cluster randomised trial at the level of the 

practice to randomisation by household. Our experience in our feasibility and pilot studies (which 

will be reported separately) suggest that this number will be achievable. 

Analysis

The intention-to-treat principle will guide data analysis (outcome in all eligible randomised 

participants will be compared between intervention and control). All eligible randomised 

participants will be included in the analysis, regardless of participation in screening. 

The primary analysis will be conducted separately for the cluster randomised pilot trial and the main 

trial, with results then combined by fixed effect meta-analysis. Time-to-event modelling (i.e. a Cox 

proportional hazards model) will be used to obtain an estimate (hazard ratio) of the effect of 

screening on stroke risk (fatal and non-fatal), censoring other causes of death. Analysis time will be 

from date of randomisation. 
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Clustering (by practice for pilot trial participants and by household for main trial participants) will be 

accounted for using a robust sandwich estimator of the covariance matrix. The estimate of 

intervention effect will be adjusted for pre-specified baseline co-variates such as age and sex. 

Secondary outcomes will be analysed in a similar way. 

For all analyses, we will test model assumptions. Should these be violated, flexible parametric 

survival models will be considered to model the change in hazard ratio over time. 

A full statistical analysis plan will be lodged with the ISRCTN registration prior to data lock. 

Economic analysis

To determine whether screening is cost-effective from the perspective of the NHS, we will adapt an 

existing economic model.[27] This will incorporate data from the SAFER trial, including outcomes 

such as mortality and cardiovascular endpoints, to determine incremental cost per QALY gained 

comparing screening versus no screening over a 4 year time horizon. The model parameters that do 

not come from the trial will be derived from updated literature reviews. We will extend the model to 

a life-time horizon, and consider the impact on cost-effectiveness of repeated screening at different 

time intervals and in different age groups.   

Management and oversight

Management and oversight is delivered through the same structure as in the pilot trial.[1] The 

University of Cambridge and NHS Cambridgeshire & Peterborough Integrated Care Board (ICB) are 

co-sponsors. The trial management group meets monthly to review operational issues. The 

programme steering committee (PSC), which has an independent chair and four independent 

members, provides independent over-sight of the programme and acts as the Trial Steering 

Committee.  An active risk register has been compiled in consultation with the funder and sponsors 

and will be monitored and updated throughout.

Patient and public involvement (PPI)
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The same approach is being used as in the pilot trial.[1] In brief, we have engagement by PPI 

members as an investigator (Trudie Lobban, chief executive of the Atrial Fibrillation Association, 

(AFA)), and as contributors independent of the AFA. 

ETHICS AND DISSEMINATION

Ethical approval has been provided by the London-Central NHS Research Ethics Committee 

(19/LO/1597). 

In addition to peer-reviewed publications and presentation at conferences, public-friendly trial 

summary documents will be made available to participants at the end of the trial. Accessible reports 

will be generated for the UK National Screening Committee, commissioners and other decision 

makers. The pilot study protocol provides further details.[1] 

Requests for pseudonymised data will be directed to the trial co-ordinator (Andrew Dymond using 

SAFER@medschl.cam.ac.uk) and will be considered by the investigators, in accordance with 

participant consent.
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Figure 1. SAFER trial schema 
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SAFER Trial 
Consent Form 

 

Version 2.0   16-12-2021 
 

Please complete and return this form only if you wish to join the SAFER Trial 
 
 

Title: The SAFER Trial – Screening for Atrial Fibrillation with ECG to Reduce stroke  

Chief Investigator: Professor Jonathan Mant, University of Cambridge  

Ethics Reference number: 19/LO/1597     IRAS project ID: 272184 

If you are willing to take part in the SAFER Trial, please read the following statements and if you 
agree, sign and date overleaf.   

1 
I have read and understood the Participant Information Sheet version 2.0, dated 16/12/2021 
(remote) for the above trial. I have had the opportunity to ask questions and I am satisfied with 
the answers and explanations provided. 

2 I understand that my participation in this trial is voluntary and that I am free to withdraw at any 
time, without giving a reason and without my medical care or legal rights being affected. 

3 I understand that information from my medical records will be available to the research team as 
part of the trial. 

4 

I consent to my trial data being linked to Hospital Episodes Statistics (HES), civil registration 
mortality data, Sentinel Stroke National Audit Programme (SSNAP) and Myocardial Ischaemia 
National Audit Project (MINAP). This may involve sharing my personal data with these bodies. I 
understand that information held and managed by NHS Digital and the registries may be used in 
order to provide information about my health status (including after my death), my GP practice 
and my address (should I move). I understand that these details will be used for research 
purposes only. It is possible that in the future the research team may need to link to another 
health record or registry not listed that they consider to be relevant to the purposes of the 
research and I agree to this. 

5 

I understand that sections of my medical notes or information related directly to my 
participation in this trial may be looked at by responsible individuals from the sponsors, 
regulatory authorities and research personnel where it is relevant to my taking part in this 
research. I give permission for these individuals to have access to my records. 

6 I understand that my GP will be informed of my participation in this trial.  

7 
I understand that my unidentifiable trial data will be shared with other researchers, both internal 
and external to this trial, and with commercial partners. These parties may be outside the 
European Economic Area.  

8 I understand that I may be contacted about future, related research studies, and that I am 
under no obligation to take part. 

9 I agree to participate in this trial. 
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By signing this form you are consenting that you agree with all of the statements listed, and that 
the details listed below are correct. 
 
 
 
 

    

Name of participant             Signature    Date 

 
Please check the details below and amend/complete accordingly, then return this form 
to the trial team using the Freepost envelope enclosed. Alternatively you can complete 
this consent form online – please see the covering letter enclosed for instructions.  
 
As the trial will be conducted remotely, it will be helpful if you could please supply 
phone number(s) and an email address. By providing these details you are agreeing to 
be contacted by the trial team via these methods (email, phone call, SMS text message) 
for the purposes of the trial. 
 
Title:  

First name:  

Surname:  

Date of birth (dd/mm/yyyy):  

Gender (M/F/Mx):  

Address:  

Postcode:  

Home Tel.:  

Mobile no.:  

Email:  

NHS no:  

GP Practice name: 
Please note: if this is not your 
current practice and you have 
recently moved practice, you will not 
be able to take part at this point. It 
is possible that your new practice 
may take part in the future. 

 

 
The trial team will return a copy of this consent form to your GP practice for their records. If you 
would like a copy of your completed consent form please contact the trial team. 
 
The trial team will only use these details in order to contact you for the purposes stated. 
 

 

1x copy to be retained by the research team; 1x copy to be sent to the participant’s GP practice. 
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Reporting checklist for protocol of a clinical trial.

Based on the SPIRIT guidelines.

Administrative 

information Reporting Item Page Number

Title Descriptive title identifying the study design, 

population, interventions, and, if applicable, trial 

acronym

1

Trial registration Trial identifier and registry name. If not yet 

registered, name of intended registry

4

Trial registration: data 

set

All items from the World Health Organization Trial 

Registration Data Set

4

Protocol version Date and version identifier n/a

Funding Sources and types of financial, material, and other 

support

12-13

Roles and 

responsibilities: 

contributorship

Names, affiliations, and roles of protocol 

contributors

1-3, 12
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Roles and 

responsibilities: sponsor 

contact information

Name and contact information for the trial sponsor 11

Roles and 

responsibilities: sponsor 

and funder

Role of study sponsor and funders, if any, in study 

design; collection, management, analysis, and 

interpretation of data; writing of the report; and the 

decision to submit the report for publication, 

including whether they will have ultimate authority 

over any of these activities

11-12

Roles and 

responsibilities: 

committees

Composition, roles, and responsibilities of the 

coordinating centre, steering committee, endpoint 

adjudication committee, data management team, 

and other individuals or groups overseeing the trial, 

if applicable (see Item 21a for data monitoring 

committee)

11, 13

Introduction

Background and 

rationale

Description of research question and justification 

for undertaking the trial, including summary of 

relevant studies (published and unpublished) 

examining benefits and harms for each intervention

6-7

Background and 

rationale: choice of 

comparators

Explanation for choice of comparators 6-9
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Objectives Specific objectives or hypotheses 7

Trial design Description of trial design including type of trial (eg, 

parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, 

equivalence, non-inferiority, exploratory)

7

Methods: Participants, 

interventions, and 

outcomes

Study setting Description of study settings (eg, community clinic, 

academic hospital) and list of countries where data 

will be collected. Reference to where list of study 

sites can be obtained

7-8, 12

Eligibility criteria Inclusion and exclusion criteria for participants. If 

applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, 

surgeons, psychotherapists)

7-8

Interventions: 

description

Interventions for each group with sufficient detail to 

allow replication, including how and when they will 

be administered

8-9

Interventions: 

modifications

Criteria for discontinuing or modifying allocated 

interventions for a given trial participant (eg, drug 

dose change in response to harms, participant 

request, or improving / worsening disease)

8-9
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Interventions: 

adherance

Strategies to improve adherence to intervention 

protocols, and any procedures for monitoring 

adherence (eg, drug tablet return; laboratory tests)

9

Interventions: 

concomitant care

Relevant concomitant care and interventions that 

are permitted or prohibited during the trial

8-9

Outcomes Primary, secondary, and other outcomes, including 

the specific measurement variable (eg, systolic 

blood pressure), analysis metric (eg, change from 

baseline, final value, time to event), method of 

aggregation (eg, median, proportion), and time 

point for each outcome. Explanation of the clinical 

relevance of chosen efficacy and harm outcomes is 

strongly recommended

9

Participant timeline Time schedule of enrolment, interventions 

(including any run-ins and washouts), 

assessments, and visits for participants. A 

schematic diagram is highly recommended (see 

Figure)

8-9

Sample size Estimated number of participants needed to 

achieve study objectives and how it was 

determined, including clinical and statistical 

assumptions supporting any sample size 

calculations

9-10
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Recruitment Strategies for achieving adequate participant 

enrolment to reach target sample size

7-8

Methods: Assignment of 

interventions (for 

controlled trials)

Allocation: sequence 

generation

Method of generating the allocation sequence (eg, 

computer-generated random numbers), and list of 

any factors for stratification. To reduce 

predictability of a random sequence, details of any 

planned restriction (eg, blocking) should be 

provided in a separate document that is 

unavailable to those who enrol participants or 

assign interventions

8

Allocation concealment 

mechanism

Mechanism of implementing the allocation 

sequence (eg, central telephone; sequentially 

numbered, opaque, sealed envelopes), describing 

any steps to conceal the sequence until 

interventions are assigned

n/a

Allocation: 

implementation

Who will generate the allocation sequence, who 

will enrol participants, and who will assign 

participants to interventions

8

Blinding (masking) Who will be blinded after assignment to 

interventions (eg, trial participants, care providers, 

outcome assessors, data analysts), and how

n/a
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Blinding (masking): 

emergency unblinding

If blinded, circumstances under which unblinding is 

permissible, and procedure for revealing a 

participant’s allocated intervention during the trial

n/a

Methods: Data 

collection, management, 

and analysis

Data collection plan Plans for assessment and collection of outcome, 

baseline, and other trial data, including any related 

processes to promote data quality (eg, duplicate 

measurements, training of assessors) and a 

description of study instruments (eg, 

questionnaires, laboratory tests) along with their 

reliability and validity, if known. Reference to where 

data collection forms can be found, if not in the 

protocol

8-9

Data collection plan: 

retention

Plans to promote participant retention and 

complete follow-up, including list of any outcome 

data to be collected for participants who 

discontinue or deviate from intervention protocols

9

Data management Plans for data entry, coding, security, and storage, 

including any related processes to promote data 

quality (eg, double data entry; range checks for 

data values). Reference to where details of data 

8, 11
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management procedures can be found, if not in the 

protocol

Statistics: outcomes Statistical methods for analysing primary and 

secondary outcomes. Reference to where other 

details of the statistical analysis plan can be found, 

if not in the protocol

10-11

Statistics: additional 

analyses

Methods for any additional analyses (eg, subgroup 

and adjusted analyses)

10-11

Statistics: analysis 

population and missing 

data

Definition of analysis population relating to protocol 

non-adherence (eg, as randomised analysis), and 

any statistical methods to handle missing data (eg, 

multiple imputation)

10

Methods: Monitoring

Data monitoring: formal 

committee

Composition of data monitoring committee (DMC); 

summary of its role and reporting structure; 

statement of whether it is independent from the 

sponsor and competing interests; and reference to 

where further details about its charter can be 

found, if not in the protocol. Alternatively, an 

explanation of why a DMC is not needed

11, 13

Data monitoring: interim 

analysis

Description of any interim analyses and stopping 

guidelines, including who will have access to these 

interim results and make the final decision to 

terminate the trial

11, 13
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Harms Plans for collecting, assessing, reporting, and 

managing solicited and spontaneously reported 

adverse events and other unintended effects of trial 

interventions or trial conduct

11

Auditing Frequency and procedures for auditing trial 

conduct, if any, and whether the process will be 

independent from investigators and the sponsor

11

Ethics and 

dissemination

Research ethics 

approval

Plans for seeking research ethics committee / 

institutional review board (REC / IRB) approval

11-12

Protocol amendments Plans for communicating important protocol 

modifications (eg, changes to eligibility criteria, 

outcomes, analyses) to relevant parties (eg, 

investigators, REC / IRBs, trial participants, trial 

registries, journals, regulators)

11

Consent or assent Who will obtain informed consent or assent from 

potential trial participants or authorised surrogates, 

and how (see Item 32)

8

Consent or assent: 

ancillary studies

Additional consent provisions for collection and use 

of participant data and biological specimens in 

ancillary studies, if applicable

n/a
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Confidentiality How personal information about potential and 

enrolled participants will be collected, shared, and 

maintained in order to protect confidentiality before, 

during, and after the trial

11-12

Declaration of interests Financial and other competing interests for 

principal investigators for the overall trial and each 

study site

12-13

Data access Statement of who will have access to the final trial 

dataset, and disclosure of contractual agreements 

that limit such access for investigators

12

Ancillary and post trial 

care

Provisions, if any, for ancillary and post-trial care, 

and for compensation to those who suffer harm 

from trial participation

n/a

Dissemination policy: 

trial results

Plans for investigators and sponsor to 

communicate trial results to participants, 

healthcare professionals, the public, and other 

relevant groups (eg, via publication, reporting in 

results databases, or other data sharing 

arrangements), including any publication 

restrictions

11

Dissemination policy: 

authorship

Authorship eligibility guidelines and any intended 

use of professional writers

12
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Dissemination policy: 

reproducible research

Plans, if any, for granting public access to the full 

protocol, participant-level dataset, and statistical 

code

12

Appendices

Informed consent 

materials

Model consent form and other related 

documentation given to participants and authorised 

surrogates

Supplemental 

material

Biological specimens Plans for collection, laboratory evaluation, and 

storage of biological specimens for genetic or 

molecular analysis in the current trial and for future 

use in ancillary studies, if applicable

n/a
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