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Summary
Background Systematic screening individuals with non-invasive devices may improve diagnosis of atrial fibrillation
(AF) and reduce adverse clinical events. We systematically reviewed the existing literature to determine the yield
of new AF diagnosis associated with systematic AF screening, the relative increase in yield of new AF diagnosis
with systematic screening compared to usual care, and the effect of systematic AF screening on clinical outcomes
compared with usual care.

Methods The Medline, Embase, Web of Science and Cochrane Library databases were searched from inception
through 1st February 2025 for prospective cohort studies or randomised clinical trials (RCTs) of systematic AF
screening with the outcome of incidence of previously undiagnosed AF from screening. Incidence rates (IR) and
relative risks were calculated and random effects meta-analysis performed to synthesise rates of AF in prospective
cohort studies and RCTs, as well as outcomes in RCTs.

Findings From 3806 unique records we included 32 studies representing 735,542 participants from 8 RCTs and 24
prospective cohorts. The diagnosis rate for incident AF in prospective cohorts was 2.75% (95% CI 1.87–3.62), and the
pooled relative risk in RCTs was 2.22 (95% CI 1.41–3.50). The use of age and NT-proBNP (IR 4.36%, 95% CI
3.77–5.08) or AF risk score classification (4.79%, 95% CI 3.62–6.29) led to higher new AF diagnosis yields than
age alone (0.93%, 95% CI 0.28–2.99). Pooled data from RCTs did not demonstrate an effect of screening on death
(RR 1.01, 95% CI 0.97–1.05), cardiovascular hospitalisation (1.00, 95% CI 0.97–1.03), stroke (0.95, 95% CI
0.87–1.04) or bleeding (1.08, 95% CI 0.91–1.29).

Interpretation Systematic screening for AF using non-invasive devices is associated with increased diagnosis of AF,
but not reduced adverse clinical events. Screening studies of AF utilising alternative risk stratifications and outcome
measures are required.
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Introduction
Atrial fibrillation (AF) is on the rise, and it is estimated
that there will be 17.9 million cases across the European
Union by 2060.1 Population-based systematic screening
of atrial fibrillation for its early detection and treatment
may reduce stroke and other adverse clinical events.2–4

The use of patient-centred non-invasive digital devices
appears the most promising approach to make
screening for AF feasible and acceptable to patients, as
per evidence from European Society of Cardiology (ESC)
AF guidelines.3–5 Yet, whilst it is understood that more
AF is detected with this approach than with routine
care,6–8 the target population and screening procedures
to optimise recruitment and yield of incident AF, and
whether this improves outcomes, is uncertain.

Previous systematic reviews of AF screening have
provided an incomplete overview for systematic AF
screening using non-invasive devices. Some have not
provided a quantitative synthesis,6,9 others only explored

yields of AF screening with a single time point strat-
egy,10 one preceded the publication of several landmark
randomised clinical trials (RCTs),7 and all precede
studies exploring the use of risk prediction models for
AF, including those developed with machine learning,
to guide AF screening.8,11,12 Meta-analysis for outcomes
of AF screening have included data from RCTs identi-
fying AF through invasive long-term monitoring,13

which is not scalable or appropriate for the public and
may detect a different AF phenotype.14 In addition,
different approaches to invitation, consent and rhythm
recording may impact on recruitment, use of rhythm
monitoring devices, and yield but this has not been
summarised across multiple studies.

To address this knowledge gap we performed a sys-
tematic review and meta-analysis to describe, amongst
studies of systematic population-based AF screening
with non-invasive devices, (i) the approaches to recruit-
ment and consent, (ii) yields of AF, and (iii) outcomes.

Research in context

Evidence before this study

We did a preliminary search of Medline, Embase, Web of

Science and Cochrane Library for existing reviews evaluating

the targeting and conduct of atrial fibrillation (AF) screening

trials using the search terms “atrial fibrillation” AND

“screening” or their permutations, and limiting the results to

reviews and systematic reviews only that were published from

database inception to February 2025, without language

restrictions. This preliminary investigation revealed only a

small number of existing systematic reviews, which did not

address the contemporary evidence in the field. Some

preceded landmark randomised clinical trials of AF screening,

and all preceded the shift in AF screening trials away from an

age-only inclusion criteria to also considering other AF or

stroke risk factors. Furthermore, some did not provide a

quantitative synthesis, which limits an understanding of how

conduct and the choice of eligible population may impact on

the incidence of previously undiagnosed AF through

screening, or outcomes.

Added value of this study

This systematic review and meta-analysis of randomised

clinical trials and prospective cohort studies of AF screening

synthesises data from over 700,000 participants to provide

novel insights into how AF screening across European

countries may be conducted to optimise yield and

recruitment. We demonstrate that the yield of hitherto

undiagnosed AF achieved from screening is increased using

biomarkers or AF risk assessment. Furthermore, across

different geographies and populations, digital approaches to

recruitment and conduct of ECG monitoring is shown to be

effective at scale. In spite of novel trials published this year,

the effect of AF screening on incident stroke is not significant,

suggesting that AF screening research may need to consider

broader outcomes to fully capture the potential benefit of the

intervention.

Implications of all the available evidence

The evidence suggests that the use of comprehensive AF risk

assessment tools or biomarkers can improve the yield of new

AF diagnosed during screening. Improving yield of new AF

diagnosed is likely to improve the cost-effectiveness.

Multivariable risk scores to define AF risk are available that use

data routinely collected in European countries without the

requirement for extra appointments or tests, and these may

be a suitable approach to make AF screening feasible on both

a national and regional scale. In Europe populations are

increasingly digitally literate, which increases the feasibility of

AF screening at scale. Before AF screening is implemented at

scale, reproducible prospective evidence of benefit is required.
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Methods
Search strategy and selection criteria
We searched the Medline and Embase, through the
Ovid platform in addition to Web of Science and
Cochrane Library, from inception through 1st February
2025. We used a combination of keywords and subject
headings related to AF and screening based on previous
literature; the search was limited to the English lan-
guage (Supplementary material).7,8,10 We completed for-
ward and backward citation searching for included
studies and previous systematic reviews. Duplicates
were removed using Endnote’s duplicate identification
strategy and then manually.

We included studies that prospectively investigated
systematic non-invasive AF screening in an adult pop-
ulation, formalised using the PICO framework
(Supplementary material).15 Systematic screening is
when an entire population or stratum of a population is
targeted screening.16 The inclusion criteria were as fol-
lows: (i) participants were adults (age ≥ 18 years) living
in the community (patients with previous stroke or
transient ischaemic attack were only considered if they
constituted a proportion of the larger population), (ii)
newly identified AF was differentiated from prevalent
AF ], (iii) the diagnosis of AF needed to be confirmed
using an electrocardiogram (ECG) (any number of
leads) interpreted by an appropriately trained healthcare
professional, and (iv) prospective systematic screening
was employed, defined as screening carried out in all
people over a certain age or in a particular sub-group,
and no screening was defined as a passive approach
towards the diagnosis of AF (that is, usual care). Studies
were grouped into RCTs, where an intervention arm
(systematic AF screening) and control arm (usual care)
were reported, and prospective studies where an inter-
vention arm (systematic AF screening) was reported
alone without a comparator (termed ‘prospective cohort’
studies). Case series and review articles were excluded.

We uploaded records to a systematic review web
application (Rayyan, Qatar Computing Research Insti-
tute).17 Four investigators (AW, MH, MF, KR) inde-
pendently screened them for inclusion by title, abstract
and full text and Supplementary materials. Disagree-
ments were resolved by consultation with a fifth inves-
tigator (RN). This review was registered on PROSPERO
(CRD42024572091) and informed by the PRISMA
statement.18

Two investigators (AW and RN) independently
extracted the data from the included studies, including
pertaining to study and participant characteristics, and
methods of recruitment, consent and rhythm recording.
Meetings between team members were scheduled every
two weeks over period of 3 months. Patients’ de-
mographics such as age, gender profile, baseline co-
morbidities, outcomes including hospitalisation, mor-
tality was recorded for each study. Other data inputs
included number of participants invited, consented,

completed the study process and loss to follow up. Data
on consenting methodology, inclusion, exclusion
criteria, duration and modality of non-invasive
screening for each study, was collated. Disagreements
were discussed with HL and JW in monthly meetings.
Three investigators (AW, KR, and RN) assessed risk of
bias using the modified Cochrane collaboration’s risk of
bias tool for RCTs,19 and the ROBINS-I tool for pro-
spective cohort studies.20

Data analysis
The co-primary outcome was the incidence of previously
undiagnosed AF as the result of systematic screening
(therefore the detection of incident AF), and outcomes
reported after AF screening including all-cause death,
cardiovascular hospitalisation, stroke, systemic embo-
lism and bleeding. An intention-to-treat analysis was
conducted, the denominator being all patients qualified
to be screened who were eligible and consented. Pro-
spective cohort studies with fewer than 100 patients in
the intervention arm were not eligible for meta-analysis
to improve precision. Incidence rates and relative risks
were calculated and random effects meta-analysis per-
formed to synthesise rates of AF in prospective studies
and RCTs, respectively, and outcomes of AF in RCTs.
Logit transformation was applied to random effects
models of incidence rate as several observed proportions
were close to 0. The prospective study subgroup
included both single arm prospective cohorts and RCT
populations where only the results of the intervention
arm have been reported to date (thus precluding com-
parison to the control group). Statistical heterogeneity
was evaluated with Cochran’s Q-statistic and quantified
with the I2 statistic for synthesised estimates. The re-
sults of meta-analysis are presented in forest plots.

Subgroup analyses related to AF yield were carried
out by: (i) method of participant selection (age,
age + stroke risk factor, age + biomarker, AF risk
stratification algorithm), (ii) modality of monitoring
(intermittent ECG, continuous ECG, intermittent pho-
toplethysmography (PPG), continuous PPG, or single
time point ECG; definitions in Supplementary material).
In addition, potential sources of heterogeneity including
mean age, sex, modality of monitoring, and selection
method were tested in univariate meta-regression
models of prospective studies and RCTs where the
number of studies were 10 or more. For categorical
covariates, only levels with 4 or more studies were
included in the meta-regression to ensure sufficient
statistical power.

Sensitivity analyses were conducted to exclude
studies at high risk of bias and to explore effect of
publication year (excluding studies published before
2010). Funnel plots and Egger’s test for asymmetry in
distribution of standard errors were examined to assess
possible publication bias and outliers among RCTs or
prospective studies. We considered p < 0.05 to be

Articles

www.thelancet.com Vol 53 June, 2025 3



statistically significant where the total number of studies
in the sample were 10 or more. All analyses were con-
ducted using R software (version 4.2.1).21

Role of funding source
The funder had no role in the design, data collection,
data analysis, data interpretation or writing of the report.

Results
We identified 3821 unique records, reviewed 167 full-
text reports and included 32 studies (Fig. 1). Excluded
studies that met a number of inclusion criteria are

reported in the Supplementary material. Included
studies reported 8 RCTs11,22–28 and 24 prospective cohort
studies12,29–50 or reports of only the intervention arm of a
RCT, encompassing 11 countries (Supplementary
Tables S1 and S2). Studies included a total of 735,542
patients with a mean age of 70.4 (standard deviation
[SD] 11.6) years, 36% women, and mean CHA2DS2-
VASc 2.9 (SD 0.64).

Twenty one studies reported the number of in-
vitations sent and the number who consented to
participate in AF screening (Supplementary Tables S3
and S4). Twenty one used written consent procedures,
nine used digital consent procedures, and two

Fig. 1: The PRISMA flowchart of studies included for systematic review and meta-analysis.
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consented eligible participants in-person. Participants in
studies that implemented digital consent procedures,
compared to written consent procedures, were younger
(mean age 58.9 v 74.9, p = 0.03). Consent rates were
higher overall in studies employing digital procedures
(69.8%, 711,135/1,017,779) compared with written pro-
cedures (37.1%, 46,227/124,481).

Across the studies, 22% (7/32) conducted screening
through a consumer-owned device, 9% (3/32) provided
the rhythm recording device in person, and 69% (22/32)
sent the device to the patient for rhythm recording. The
proportion of participants who used the device of those
invited was 89%, 75%, and 97% for consumer-owned
devices, in-person receipt, and remote receipt, respec-
tively. Five studies used a two-step process of AF
screening with an initial period of PPG followed by
confirmation with an ECG recorder for those with an
irregular notification. In these studies, of participants
who received an irregular pulse notification from PPG,
4.1% attended follow on ECG monitoring or clinic
review.

Overall, the incidence rate for new AF in prospective
cohorts was 1.53% (95% CI 0.81–2.89) (Supplementary
Fig. S1) with an increasing gradient of AF detection
with increasing median age of the participants (Fig. 2).

In RCTs the pooled relative risk between intervention
arms and routine care was 2.22 (95% CI 1.41–3.50)
(Fig. 3).

Fourteen studies used age alone to identify the target
population for screening, three used stroke risk, 12
selected participants based on age plus at least one
stroke risk factor, and three were guided by predicted
AF risk. Meta-regression analysis in prospective cohorts
demonstrated for every year increase in mean age of the
population the diagnosis rate for incident AF increased
(IRR 1.11, 95% CI 1.08–1.14) (Table 1), and the rate of
AF detection was seven-fold higher in studies with a
minimum eligibility age of 65 years compared to those
inclusive of younger participants (IRR 7.66, 95% CI
1.93–30.35). Enriching the target population based on
NT-proBNP level (IR 4.38%, 95% CI 3.77–5.08) or a risk
score classification (4.79%, 95% CI 3.62–6.29) was
associated with a higher yield than using age alone
(0.93%, 95% CI 0.28–2.99) (Fig. 4). However, on meta-
regression selecting the population based on age and
stroke risk factors did not lead to a statistically higher
yield of newly diagnosed AF compared with age alone
(IRR 2.68, 95% CI 0.68–10.52) (Table 1).

Of included studies, seven employed intermittent
monitoring for AF detection, 10 used continuous

Fig. 2: Forest plot of incidence rate of new atrial fibrillation diagnosis in prospective cohort studies or reports of the intervention arm alone from

a randomised clinical trial of AF, stratified by median age of participants.
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monitoring, seven used single time point ECG assess-
ment, three used intermittent PPG, and five used
continuous PPG for diagnosis of AF. The use of inter-
mittent PPG monitoring was associated with lower
yields of diagnosis of incident AF in prospective cohorts
(IR 0.35%, 95% CI 0.07–1.61) than continuous ECG
(3.28%, 95% CI 2.41–4.44; Supplementary Fig. S2).
Whilst screening with a single time point methodology
was not associated with lower yields of detection of
incident AF compared to more prolonged ECG moni-
toring when all prospective studies were included
(3.30%, 95% CI 1.93–5.60) (Supplementary Fig. S2),
sensitivity analysis where studies before 2010 were
excluded demonstrated that this was skewed by older
studies (1.85%, 95% CI 1.15–2.96) (Supplementary
Fig. S3). Funnel plots did not demonstrate small
studies effect for prospective cohort studies (Egger’s p-
value 0.245) (Supplementary Fig. S4).

Systematic screening for AF with non-invasive de-
vices was not found to have an effect on outcomes
including all-cause death (RR 1.01, 95% CI 0.97–1.05),
cardiovascular hospitalisation (1.00, 95% CI 0.97–1.03),
stroke (0.95, 95% CI 0.87–1.04), systemic embolism
(1.00, 95% CI 0.83–1.19), or bleeding (1.08, 95% CI
0.91–1.29) (Fig. 5). Funnel plots demonstrated no evi-
dence of small studies effect (Supplementary Fig. S5).

Overall, the risk of bias was moderate for both pro-
spective studies (28% low, 64% moderate, 8% high) and
RCTs (75% low and 25% moderate) (Supplementary
Figs. S6 and S7). Removing studies at high risk of
bias made little difference to the overall incidence rate
and pattern observed in prospective studies
(Supplementary Fig. S8).

Discussion
This systematic review and meta-analysis quantitatively
synthesises summary data from over 700,000 in-
dividuals who participated in AF screening studies.
Whilst older age was associated with an increased yield
of diagnosis of incident AF during screening, the
diagnostic yield may be further enhanced through the
use of an AF risk score or NT-proBNP. Digital pro-
cedures for recruitment and consent of participants are
feasible but hitherto most often used in younger, less
comorbid populations. The remote delivery of ECG
monitoring devices is associated with high progression
to participation in screening, but incorporating multi-
ple steps to achieve an AF diagnosis (e.g., PPG fol-
lowed by ECG) leads to an attrition in participation.
The present evidence base does not demonstrate an
effect on rate of stroke, death, or cardiovascular hos-
pitalisation from systematic screening for AF using
non-invasive devices.

Fig. 3: Forest plot of the relative risk for new atrial fibrillation diagnoses in randomised clinical trials of AF screening comparing the intervention

and control arm.

Studies, N Incidence rate (95% CI) p value

Mean age, years 20 1.11 (1.08–1.14) <0.001

Males, % 19 0.94 (0.89–0.99) <0.05

CHAD2VASC score 16 2.73 (1.53–4.86) <0.001

Type of monitoring

Continuous ECG 6 Ref

Single time point 6 1.01 (0.53–1.92) 0.970

Minimum age criterion

18–44 years 5 Ref

65–74 years 12 7.66 (1.93–30.35) <0.01

Eligibility

Age 10 Ref

Age + RF 9 2.68 (0.68–10.52) 0.157

Table 1: Meta-regression analysis of prospective cohorts of systematic screening for AF with non-

invasive devices.
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Previous systematic reviews have demonstrated that
systematic is more effective at detecting new AF than
opportunistic screening and routine care,7,51 and that
increasing participant age is associated with an higher
yield of AF detection during screening.10,52 Systematic
screening approach is undergoing validation through
current recruitment in two large prospective studies,
FIND-AF53 and CONSIDERING-AF.54 Nonetheless,
previous reviews have not considered more sophisti-
cated methods to target AF screening beyond age alone.
Our data, incorporating contemporary studies, suggests
that further refining the ‘first filter’ for AF screening
beyond age alone can increase yield of incident AF
detection, though our certainty is limited by the paucity
of completed studies investigating this.55

Furthermore, previous reviews have summarised AF
detection yield though not considered the logistical steps
involved in the clinical screening pathway. We have
found that digital and remote recruitment and rhythm
monitoring procedures are feasible and lead to high

numbers of participants across multiple studies, rein-
forcing the validity and potential of this approach. Many
decentralised studies of digital recruitment through
consumer-owned devices led to recruitment of younger
and less comorbid patients34,35,37 who, as expected, had
lower rates of undiagnosed AF. Notably, these trials had
significant loss between the initial PPG alert step and
the confirmatory diagnostic step. The recruited younger
less comorbid participants may have been less naturally
medicalised, may demonstrate an imbalance between
traditional and digital engagement in research studies and
clinical care, and may place a lower importance on
receiving a formal diagnosis if they are self-aware that they
are at lower stroke risk. However, recent studies have also
shown that fully digital self-screening studies are feasible
in older patients in European countries with stroke risk
factors through social media and smartphones.22,50

Notably, machine learning-derived risk scores for
incident AF have been developed within routine health
care (electronic health record or insurance) datasets,56–58

Fig. 4: Forest plot of incidence rate of new atrial fibrillation diagnosis in prospective cohort studies or reports of the intervention arm alone from

a randomised clinical trial of AF screening stratified by methods of selection of participants.
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Fig. 5: Forest plot of outcomes of systematic screening for atrial fibrillation using non-invasive devices.
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and thus are amenable to be implemented at scale
within existing health structures. Whilst the use of
biomarkers may also identify individuals more likely to
have AF diagnosed during screening,59,60 the require-
ment for an additional appointment and investigation as
part of risk stratification would place extra burden on
both healthcare professionals, patients, and incur
healthcare expenditure. By contrast, the use of algo-
rithms within routinely collected data could act as a less
costly ‘data’ biomarker for AF risk, and two large pro-
spective studies are investigating this approach to guide
AF screening.53,54 These studies utilise digital consent
procedures and remote delivery and conduct of ECG
monitoring that our study suggests may be the optimum
an AF screening pathway.

Improving yield of new AF diagnosed through
screening has hitherto been seen as an important
component of making AF screening effective at
improving health outcomes and being cost-effective.
However, ongoing research is required to address the
issues of the effectiveness and safety of treatment of
screen-detected AF, and the costs of widespread use of
ECG monitoring and prescription of oral anti-
coagulation. Our results concord with a previous meta-
analysis that there is insufficient evidence as yet that
screening for AF improves clinical outcomes,14 in spite
of two further RCTs being published this year.27,61 There
is mounting evidence that screen-detected AF may not
bear a similar stroke and mortality risk profile to clini-
cally detected AF, particularly when AF screening is
done at a higher intensity than single-timepoint.62

Furthermore in the population the incidence of stroke
is falling, meaning that declines in stroke risk from AF
screening and treatment are lower than expected.63 A
trial sequential analysis has suggested that an optimal
sample size of a total of 103,454 participants random-
ized is required to demonstrate a benefit of stroke.14 The
number of patients randomised included in this meta-
analysis for the stroke outcome is only 70,388. Thus it
may be that trials that are ongoing will help definitively
answer whether AF screening is beneficial to clinical
outcomes, but the effect may be smaller than expected.

Thus for screening for AF to be effective, the inter-
vention and outcome may need to extend beyond stroke.
Individuals identified at risk of AF have also been
demonstrated to be at risk of other complications of AF
such as heart failure.64 Thus, the utility of risk-guided
AF screening may extend to risk factor modification in
those with ‘pre-AF’,65 those who show signs of deterio-
ration in left ventricular systolic function, as well as the
identification of those who may benefit from longitudi-
nal screening.66

There are limitations of this meta-analysis and its
findings. First, we utilised study-level rather than indi-
vidual patient data. Second, it was not feasible or sta-
tistically prudent to synthesise prospective cohort
studies and RCTs together and so the results are

reported separately.67 Third, heterogeneity of effect
across studies was expected, incorporated for by use of
random effects meta-analysis, and explored with sensi-
tivity analyses, tests of publication bias and meta-
regression but was still substantial (Supplementary
Table S6). This is likely due to differences in study
participants, interventions, outcomes, and usual care
(clinical heterogeneity) as well as variation in study de-
signs and risks of bias (methodological heterogeneity)
(Supplementary Table S5). Fourth, the smaller number
of RCTs precluded robust assessment of different ap-
proaches to identify the target population on AF yield in
this study design. Fifth the large number of participants
in decentralised studies that employed an initial PPG
step but had low rates of diagnoses and follow up
amongst younger less comorbid patients may have
influenced the results for AF yield.

This meta-analysis of over 700,000 individuals who
participated in systematic AF screening studies with a
non-invasive device demonstrates that the yield for the
diagnosis of incident AF can be enhanced through the
selection of a higher risk population, and that patients
may be recruited and screened remotely and digitally.
The pooled estimates fail to demonstrate that screening
for AF with a non-invasive device reduces death, car-
diovascular hospitalisation, or stroke. Screening studies
of AF employing alternative risk stratifications and
outcome measures are required.
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