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Description of the Problem

Atrial fibrillation (AF) is the most common heart rhythm
abnormality worldwide, and is associated with a significantly
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Abstract Introduction Atrial fibrillation (AF) is a common cause of stroke. Timely diagnosis of
AF and treatment with oral anticoagulation (OAC) can prevent up to two-thirds of AF-
related strokes. Ambulatory electrocardiographic (ECG) monitoring can identify
undiagnosed AF in at-risk individuals, but the impact of population-based ECG
screening on stroke is uncertain, as ongoing and published randomized controlled
trials (RCTs) have generally been underpowered for stroke.
Methods and analysis The AF-SCREEN Collaboration, with support from AFFECT-EU,
have begun a systematic review and individual participant data meta-analysis of RCTs
evaluating ECG screening for AF. The primary outcome is stroke. Secondary outcomes
include AF detection, OAC prescription, hospitalization, mortality, and bleeding.
After developing a common data dictionary, anonymized data will be collated from
individual trials into a central database. We will assess risk of bias using the Cochrane
Collaboration tool, and overall quality of evidence with the Grading of Recommenda-
tions Assessment, Development and Evaluation approach.
We will pool data using random effects models. Prespecified subgroup and multilevel
meta-regression analyses will explore heterogeneity. We will perform prespecified trial
sequential meta-analyses of published trials to determine when the optimal informa-
tion size has been reached, and account for unpublished trials using the SAMURAI
approach.
Impact and Dissemination Individual participant data meta-analysis will generate
adequate power to assess the risks and benefits of AF screening. Meta-regression will
permit exploration of the specific patient, screening methodology, and health system
factors that influence outcomes.
Trial registration number PROSPERO CRD42022310308.
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increased risk of ischemic stroke. This risk can be reduced by
approximately two-thirds with oral anticoagulation (OAC).1

However, as AF is often intermittent and asymptomatic, and
requires an electrocardiogram (ECG) to confirm the diagnosis,
there aremillions of individuals worldwidewith undiagnosed
AF.2 Patients with no symptoms or atypical symptoms of AF
may have worse prognoses than those with typical symp-
toms,3,4 and stroke can be the initial clinical manifestation of
AF.5,6 Undiagnosed AF is thought to be responsible for about
10% of all strokes.7 Estimates of the proportion of AF cases that
are undiagnosed range anywhere from 15 to 85%.2,8 In the
United States alone, costs in this population exceed $3.1 billion
per year.2,9 Given the widespread availability of modern
ambulatory ECG technologies, the global burden of stroke,
the convenience, safety, andefficacyofcontemporaryOAC,and
thepossibilityof interveningearly in thediseasecourse to slow
disease progression, there is great interest in screening at-risk
patients for AF.7

Although studies have demonstrated that a variety of
screening tools and methods can detect AF in a wide range
of populations, many have identified important challenges
for the translation of AF detection into stroke preven-
tion.10–13 Screening studies pose unique challenges; only a
limited number of participants have the condition of interest
(AF) and will screen positive. Depending on the screening
method, the diagnostic yield can be low, meaning that only a
minority of individuals screened would be eligible for stroke
prevention therapy. Further, among these only a fraction
would be expected to experience the outcome of interest
(stroke) during early follow-up. To prevent stroke, AF detec-
tion must lead to OAC therapy. Coupling of screening with
structured follow-up is essential to ensuring initiation and
persistent use of OAC. Finally, the population-attributable
riskof AF to stroke could be small. In the INTERSTROKE study,
estimates of the population-attributable risk of AF to stroke
ranged from as low as 3.1% (95% confidence interval [CI] 1.9–
5.0%) in South Asia, to as high as 17.1% (13.8–21.1%) in
Western Europe, North America, and Australia with a world-
wide estimate of 9.0% (8.0–10.1%).14

Still, researchers have done modeling studies that suggest
that screening for AF is likely to be a cost-effective method to
prevent stroke.15,16 However, organizations such as the
United States Preventative Services Task Force have not
endorsed population-based AF screening due to a lack of
direct randomized controlled trial (RCT) data showing a
reduction in stroke.17 The European Society of Cardiology
Guidelines Committee and the International SCREEN-AF
Collaboration have called for further evaluation of the risks
and benefits of systematic AF screening programs in at-risk
populations.7,18

Description of the Intervention

A number of contemporary tools can be used to screen for AF
in the ambulatory setting. These range from traditional
resting 12-lead ECGs, to handheld ECG devices, to 1- to 3-
lead continuous ambulatory monitors wearable for up to
30 days, to implantable continuous monitors which monitor

theheart rhythm for up to 3 to 4 years.7,19 There are also non-
ECG based technologies, such as pulse palpation and pulse
plethysmography.20 These monitors can be used in tradi-
tional and nontraditional health care settings; some are
marketed directly to consumers.10

Observational studies using continuous, implantable
monitors have detected high rates of previously unrecog-
nized AF, with 6.1 to 12% of participants having AF lasting
>5minutes within the first 30 to 90 days of monitor-
ing.8,12,21,22 The rate of AF detection increases with the
age of the screened population, with an increased prevalence
of stroke and AF risk factors, and importantly with the
duration and quality of ECG monitoring.23,24 The positive-
predictive value of ECG-based AF detection increases with
the prevalence of undiagnosed AF in the specific popula-
tion.7,10 The rate of AF detection is also dependent on the
minimum duration of AF required to define an individual as
“screen positive.”25 AF screening programs must not only
contend with the logistics, costs, and psychological conse-
quences of false-positive screening results, but must also
ensure that individuals with true-positive results are con-
nected with medical care, receive OAC where appropriate,
and persist with therapy for the long term to prevent
stroke.11,13 There is wide-spread enthusiasm among
patients and physicians about the value of AF screening
and many RCTs have been completed or are underway.26–37

Why is this Review Important?

Because of the inherent challenges of screening studies and
the many causes of stroke other than AF, the sample size
needed to definitively assess the risks and benefits of AF
screening for primary or secondary stroke prevention is very
large (►Fig. 1). This results in single RCTs often being
statistically underpowered. This is illustrated in two recent
RCTs that had point estimates that favored reductions in
stroke or systemic embolism with screening, but were
statistically nonsignificant (LOOP,28 n¼6,004, hazard ratio
[HR] 0.80 [95% CI 0.61–1.05] and STROKESTOP,34 n¼28 768,
HR 0.92 [95% CI 0.84–1.02]). Therefore, a systematic review
and meta-analysis is essential not only to summarize all of
the available evidence, but to generate the required power to
adequately assess this question. Meta-regression using indi-
vidual patient data will permit exploration of the impact of
differences in study participants and design outcomes.

Research Question

In patients without a diagnosis of AF, does ECG-based
screening for AF reduce the risk of stroke?

This systematic review and meta-analysis will examine
the impact of ECG-based AF screening on the primary
outcome of stroke. Secondary outcomes will include: rate
of AF detection, all-cause mortality, OAC use, all-cause
hospitalization, and major bleeding. Subgroup analyses
and meta-regression will explore the relationship of patient
factors (e.g., age, race, sex, socioeconomic factors, clinical
stroke risk factors, etc.), screening methods (type of
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screening device, frequency and duration of screening, etc.),
and health care settings (community-based, physician-
based, regional/national health care model, etc.) with out-
comes of AF screening. Sensitivity analyses will be under-
taken, including on-treatment analyses, which examine
only those individuals who actually underwent AF screen-
ing for the majority of the prescribed duration, and only
those individuals who received OAC in response to screen-
detected AF.

Methods

The AF-Screen International Collaboration (www.AFSCREEN.
org)was formed to facilitate collaboration between research-
ers, clinicians, and patient groups with an interest in AF
screening andwith the shared goal to determine if screening
for AF can prevent strokes.7 Several members of this group
were successful in obtaining a Horizon 2020 grant from the
European Union (AFFECT-EU, Digital, risk-based screening for
atrial fibrillation in the European community, grant agree-
ment N°847770), which includes resources to conduct an
individual participant data meta-analysis of RCTs of ECG-
based AF screening to prevent stroke. Since 2016, the leaders
of major AF screening trials have met at the annual AF-
SCREEN conference, have networked to identify other ongo-
ing or planned RCTs, and have discussed the logistics of
pooled analyses of individual participant data from random-
ized ECG-based screening trials. The list of SCREEN-AF and

AFFECT-EU Investigators appears in►Appendix A. To date, 16
randomized trials have been identified, which include nearly
300,000 participants (►Table 1).26–37

Methods for Systematic Review
In order to capture the entirety of the published literature,
we are conducting a formal systematic review, using
Cochrane CENTRAL, MEDLINE, and EMBASE, to identify any
additional, relevant studies. The searchwill be from database
inception, using pretested filters to select for RCTs. The
search string includes keywords and Medical Subject Head-
ings for AF and screening. The search string will be updated
iteratively as known trials are published and indexed
(►Appendix B). In addition, we are reviewing Clinicaltrials.
gov, ISRCTN Register, and World Health Organization Inter-
national Clinical Trials Registry Platform for relevant unpub-
lished studies. We are also reviewing the references of
included studies and prior systematic reviews on the topic
for other potentially relevant studies. Finally, we will poll
members of the AF-SCREEN collaboration to see if they are
aware of other relevant studies.

Study Selection Process
Two independent reviewers, following the same criteria, will
assess eligibility of each study. Pairs of reviewers will inde-
pendently assess titles and abstracts of each reference. Any
reference deemed relevant by either reviewer will be re-
trieved for full-text article review. Two reviewers will

Fig. 1 Patient flow in a randomized trial of atrial fibrillation (AF) screening for stroke prevention: assumptions for sample size estimation.
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independently review the full text of each study and indicate
the main reason for exclusion of any study not meeting
criteria.38 Studies that meet all eligibility criteria will be
included in the systematic review. Disagreements will be
resolved through consensus discussion, and the inclusion of a
third reviewer where necessary. Study authors will be con-
tacted in order to clarify any ambiguities that may affect
eligibility. The lead investigators of all relevant studieswill be
invited to participate and provide data for the participant-
level meta-analysis. In the event that individual studies
cannot provide participant-level data, summary data and
subgroup data will be sought.

Study Eligibility
This review and meta-analysis will include RCTs—both indi-
vidual participant randomized and cluster randomized—that
evaluate an ECG-based method (handheld, wearable, or
implanted) of AF screening and evaluate the clinical endpoint
of stroke. Pseudo-randomized and observational studies will
be excluded. We will not impose any language restrictions.
The population of interest includes adults (18 years of age
and older) without a documented history of AF.

Baseline individual patient data will be captured includ-
ing demographics, cardiovascular and stroke risk factors,
heart rate, blood pressure, and medication use. The type of
ECGmonitor, duration of monitoring, screening setting (e.g.,
community-based, physician office-based, etc.), health care
environment (public vs. private; for-profit vs. not for-profit),
and income status (using World Bank definitions) of the
country where screening is performed will also be recorded.

Outcomes
The primary clinical endpoint will be the time to the first
occurrence of stroke, using the definitions of the individual
studies. Sensitivity analyses will examine subtypes of stroke
(all-cause, ischemic, unspecified, hemorrhagic) and systemic
emboli. Secondary outcomes include AF detection, OAC
prescription, hospitalization, major bleeding (with primary
analysis using the International Society on Thrombosis and
Haemostasis definition39), and mortality.

Data Collection
The AFFECT-EU collaboration has developed a data sharing
agreement and rules for publication, timing of analyses, and
access to the pooled database. Derived data supporting the
findings of this study will be available from the correspond-
ing author on request, following publication of a final study
report.

A data dictionary for the data elements to be included in
the pooled data set has been developed and contributing
studies will adapt, where possible, their data to these defi-
nitions and format (►Table 2). A central database has been
created at the Copenhagen University Hospital – Rigshospi-
talet, where data will be stored on a secure server. Data will
be transmitted as a .csv file (or equivalent method) from
participating studies, without unique patient identifiers.
Raw data sets will be saved in their original formats and
then converted to a common format by renaming variablesTa
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from each study in a consistent format. The central statistical
team will perform quality checks on the data and clarify
discrepancies with study authors. For each study, complete-
ness and accuracy of data in the common database will be
checked against values in the original publication. Data sets
will then be combined into the pooled, master data set,
including a variable indicating the study of origin.

For studies fromwhich individual participant data are not
available, data extraction will be performed independently
and in duplicate using prepiloted forms. We will collect data
on study characteristics, population characteristics, details
of screening method (including modality, frequency, and
duration), follow-up, as well as the incidence of primary
and secondary outcomes as described above. Disagreements
will be resolved through consensus discussion, and the
inclusion of a third reviewer where necessary. Study authors
will be contacted in order to clarify any data ambiguities, or
to provide additional data. Datawill be deemedunavailable if

no response is received after two contact attempts over a 4-
week period.

Assessment of Risk of Bias
Two reviewers will use the Cochrane Collaboration tool to
independently assess the risk of bias for each included
study, using the variant for cluster-randomized trials
where appropriate.40 The reviewers will evaluate risk of
bias as “low,” “high,” “probably low,” or “probably high” in
five domains: bias arising from the randomization process,
bias due to deviations from intended interventions, bias
due to missing outcome data, bias in measurement of the
outcome, and bias in selection of the reported result.
Overall risk of bias for each study will be considered
“low” if all risk of bias domains are ranked “low”; “some
concerns” if at least one domain (other than blinding of
participants and personnel) is ranked “unclear” without
any domains ranked as “high,” and “high” if one or more

Table 2 List of data elements

Type of data

Study level Country in which study was carried out
Number of participants randomized
Number allocated to the Screening Group
Number allocated to the Standard Care Group
Setting (primary care, pharmacies, other)
Did the study measure quality of life (which tool)
Details of intervention (frequency of testing, actions, etc.)
Details of comparator (frequency of review, actions, etc.)

Individual participant Baseline characteristics -
demographics

Age
Sex
Weight
Height
Smoking status
Date of entry into study/date of randomization
Allocated to screening or standard care
Race

Individual participant Baseline characteristics –
medical history

History of heart failure or LVEF< 40%
History of hypertension
History of diabetes mellitus
History of myocardial infarction/ PCI/CABG/vascular disease
History of stroke, TIA, or systemic embolism

Individual participant Follow-up data -
clinical

Date of visit
Clinical NYHA class
Left ventricular ejection fraction
Resting heart rate
Systolic blood pressure
Diastolic blood pressure

Individual participant Follow-up data -
medications

OAC initiation

Individual participant Follow-up data -
quality of life

Quality of life if collected (derived scores if available)

Individual participant Clinical outcomes Date of death
Cause of death (cardiovascular or noncardiovascular)
Hospital admission/cardiovascular event
Presence/absence and date of stroke or systemic embolism
Presence/absence and date of major bleeding event
Lost to follow-up? Date of last follow-up

Abbreviations: CABG, coronary artery bypass grafting; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association, OAC, oral
anticoagulation; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
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domains (other than blinding of participants and person-
nel) is ranked as “high” risk of bias.

Data Analyses and Assessment of Heterogeneity
Our preferred outcomevariable is time to thefirst occurrence
of the clinical endpoint of stroke, so that HRs will be
estimated using a Cox proportional hazards regression mod-
el for each trial. This approachwas chosen becausewe expect
differences in follow-up time both within and between
studies. The primary analyses will use the “intention-to-
treat” populations of each study. Wewill combine data using
a one-step individual patient datameta-analysis approach.41

If individual participant data is not obtained for a partic-
ular study,wewill request thatHRs be sharedwith us.Where
only risk ratios (RRs) or proportions of events are available,
we will assume that RR¼HR, under the restrictive situation
of “shorter follow-up, rarer end points, and risks closer to
1.”42 We will perform sensitivity analyses that assess the
impact of excluding any or all such studies. We will combine
effect estimates across studies using the DerSimonian and
Laird random effects model method.43 We will assess vari-
ance and adjust for outcomes with zero observations by
substituting a value of 0.5 and adjust for clustering in cluster-
randomized studies.44 Additionally, we will calculate the
pooled relative and absolute risk differences using the ob-
served event rates in included studies. We will assess het-
erogeneity using the chi-square test for homogeneity and the
I2 and D2 statistics. Substantial heterogeneity will be defined
as I2>50%. In cases of substantial heterogeneity, we will
conduct subgroup analyses to assess clinical and methodo-
logical sources of heterogeneity.

A cumulative z-score will be calculated each time a new
study is added to the pooled database.45 We will use the
SAMURAI approach to conduct sensitivity analysis to esti-
mate the potential impact of unpublished registered trials.46

For each outcome, we will assess for publication bias using
funnel plots. We will perform an arcsine test in cases where
visual inspection of the funnel plot suggests potential publi-
cation bias and � 10 studies are available. We will assess our
confidence in the pooled effects estimates using the Grading
of Recommendations Assessment, Development and Evalua-
tion (GRADE) approach.47

A Priori Hypotheses to Explain Clinical Heterogeneity
We expect that between-study clinical heterogeneity will
exist due to differences in study populations (e.g., age of
participants or recruitment in clinical or community set-
tings) and design (e.g., varying screening methodology or AF
episode cutoffs to recommend OAC). We will estimate sub-
group effects by estimating interaction terms between treat-
ments and covariates within studies, and combining them in
a uniform way between studies.48

In order to account for heterogeneity among studies, our
meta-analyses will use the random effects model. However,
given the expected large heterogeneity among studies due to
individual- and study-level characteristics, we will conduct
meta-regression, incorporating both patient-specific factors
as well as study-specific factors. We will build these meta-

regression models in stages, that is, incorporating only
study-level variables initially, and then adding the patient-
level variables, as available. Participant-specific factors in-
clude: (1) age categorized as<65 (reference), 65 to 74, 75 to
84, and � 85 years; (2) history of stroke, transient ischemic
attack, or systemic embolism; (3) sex; and (4) components of
the CHA2DS2-VASc score (other than age and sex). Study-
level characteristics include: (1) if study is conducted in a
public health system setting versus private or hybrid; (2) if
the screening method is single time point versus repeated
screening versus continuous screening and by the duration
of screenings and cutoffs used for AF episode duration; (3) by
ECG-only methods versus multicomponent interventions
(e.g., paired with blood pressure, imaging, etc.); (4) by
downstream interventions in case of positive or negative
screening, OAC versus not and referral to cardiologist versus
not; (5) by region: North America versus Europe versus other
and by World Bank income level, as available; (6) by setting:
community (including pharmacies and health centers)
versus primary care versus specialist care; and (7) by risk
of bias of individual studies: low versus moderate or high.

To prevent stroke, it is crucial that AF detection leads to
appropriate use of OAC. Thus, an additional subgroup analysis
will assess results after grouping studies as above or below the
median rate of OAC initiation in screen-positive individuals.

Our primary analysis will be “intention to treat” and
include all participants regardless of whether they under-
took the screening intervention and/or took OAC in the case
of AF detection. One “on-treatment” sensitivity analysis will
use participant-level data to identify those individuals who
screen positive for AF who are started on OAC. Screen-
positive individuals who are not started on OAC will be
censored for analysis of outcome events. An additional
“on-treatment” sensitivity analysis will exclude data from
participants who were randomized to screening, but did not
take part in screening.

Sample Size and Interim Analyses
We performed an exploratory sample size estimate using trial
sequential analysis (TSA).49 This calculation was based on the
following assumptions: acceptable risk of type I error (α): 5%;
minimum important effect size of a 30% relative risk reduction
(RRR) in stroke; statistical power: 80%; stroke event rate of 1%
in the control arm, stroke event rate of 0.5% in the treatment
(screened) arm; and heterogeneity (diversity index, D2)¼75%
(becausewe expect thebodyevidence to bemade upofmostly
smaller trials). In sensitivity analyses, we calculated the opti-
mal information size (OIS) for RRRs of 40 and 20% and control
event rates of 0.5 and 2%. The base TSA returned an OIS of
117,600 participants (►Table 3). Sensitivity analyses returned
OISs ranging from 30,896 to 562,580 participants. The OIS for
the “worst-case scenario” is comparable to the planned final
number of randomizedparticipants among all knownplanned
trials.

Dissemination Plans
TheWriting Committee, whowill regularly monitor z-scores
and the potential impact of unpublished studies, will make
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decisions about the production interim and final publica-
tions. We will report the findings from this meta-analysis
according with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses including those recommended
for individual participant data meta-analysis.38 We will
target presentation of our findings at a major international
cardiovascular meeting and publication in a peer-reviewed
general medical or cardiovascular journal.

Discussion

There is great interest in assessing the efficacy of AF screen-
ing as a public health strategy to prevent stroke. While many
ECG-based technologies have demonstrated that AF can be
accurately detected in a variety of populations, direct evi-
dence for stroke reduction is lacking, and endorsement of AF
screening is heterogeneous.7,17,18 Several large randomized
trials are currently underway and it is unlikely that any of
themwill have sufficient statistical power to reliably detect a
reduction in stroke with AF screening. Thus, analysis of all
available trials, which include nearly 300,000 participants,
will provide themost sensitive evaluation of the impact of AF
screening. Meta-regression of trials with different study
populations, recruitment procedures, screening methodolo-
gies, and downstream interventions will help to clarify if
there aremore suitable patient populations, screeningmeth-
ods, or settings to conduct screening for AF. The inclusion of
trials from different regions and health care systems will
permit a better understanding of the generalizability of the
results.

Registration
The protocol for this individual participant data meta-
analysis has been registered with PROSPERO, the interna-
tional prospective register of systematic reviews (PROS-
PERO CRD42022310308).

Strengths and Limitations of this Study
• Rigorous search strategy including gray literature and
nonindexed trials.

• Broad range of screening approaches, populations, and
health care settings with prespecified measures to ex-
plore heterogeneity.

• Individual participant data meta-analysis.
• Quality of evidence assessment using the GRADE

framework.

• Sensitivity analysis considering unpublished registered
trials.

• Ongoing analysis of OIS with publication of new
trials.
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